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A STUDY OF MELTING-POINT DETERMINATIONS WITH SPECIAL REFER- 
ENCE TO THE MELTING-POINT REQUIREMENTS OF me UNITED STATES 
PHARMACOPEEIA.” 

By G. A. Mrenee, 

Division of Pharmacology, Hygienic Laboratory, United States Public Health 

and Marine-Hospital Service. 

INTRODUCTION. 

Section 7 of the federal food and drugs act of June 30, 1906, states: 

That for the purpose of this act an article shall be deemed adulterated: 

In case of drugs: 

First. If, when a drug is sold under or by a name recognized in the United 
States Pharmacopeia or National Formulary, it differs from the standard of 

strength, quality, or purity as determined by the tests laid down in the United 

States Pharmacopeia or National Formulary official at the time of investiga- 

tion. : 

This section of the food and drugs act confers upon the Pharma- 
copeeia, in its field of operation, the exalted dignity of a federal 
statute—makes it the law of the land in the vitally important matter 
of official drug standards—and imposes upon that body of men which 
constitutes the United States Pharmacopceial Convention the very 
great responsibility of producing a Pharmacopeceia which shall, in 
every sense, uphold the dignity of the law, and be worthy to represent 
the final authority on the standardization of drugs. 

That the present Pharmacopeeia (eighth revision) falls short in 
many respects of establishing an adequate legal standard for drugs 
is, I believe, very generally recognized. That the forthcoming re- 
vision (ninth) of this important book will fall short of attaining the 
ideal is, as with most ideals, probably true. But, although the pres- 
ent Pharmacopceia may be generally and justly considered the best 
that has yet been produced, it is undoubtedly true that great improve- 
ment, in every respect, can and doubtless will be accomplished in the 
ninth revision. 
A legal standard does not, of course—and, in the case of drugs, 

should not—necessarily imply the highest degree of purity attainable. 

@Manuscript submitted for publication July 20, 1910. 
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A sine qua non for an etfective legal standard, however, is a perfectly 
uniform, clearly defined, unmistakable procedure, whose application 
should be required in determining such standard. That is, if the | 
United States Pharmacopeeia, the organ through which the federal 
law on drugs becomes operative, requires that a drug should meet 
certain tests in order to be considered of pharmacopceial standard, 
such tests and their mode of application should be so clearly defined 
as to eliminate, as far as practically possible, all causes of variation 
in the results obtained from their application by different individuals. 
It is in this respect that the eighth revision of the Pharmacopeeia 
fails to provide adequate legal requirements—especially as applied 
to the determination of some of the physical constants, notably the so- 
called melting points and boiling points. 

The very general use of the melting-point determination as a 
means of identifying and as a test for the purity of a compound, 
the great confidence that is usually placed by the rank and file of 
chemists in the melting-point determination for the purpose to which 
it is applied, and the possible simplicity and convenience of method 
that may be used in the great majority of cases for the reasonably 
reliable determination of this constant would seem to place this test 
among the most important in the standardization of those pharma- 
copeeial compounds to which it is capable of application. 

Under present céonditions, however—considering the extreme lack 

cae tee ey lhe 

of conformity in methods and procedure that now prevails for © 
melting-point determinations in different laboratories and the con- 
sequent variation in results for the same product that frequently 
obtain—this test, as a means of standardization, has very definite 
limitations. | 

For the individual investigator whose work does not directly con- 
cern the public health, and whose conception of the melting point 
and his means of determining it may be a matter of personal judg- 
ment, it is perhaps not essential that this test should be standardized, 
although such an attitude, especially when the work leads to publica- 
tion of results, is undoubtedly conducive to a greater or less degree 
of chaos in the whole subject. The present legal status of the Phar- 
macopoela, however, makes it not only important, but imperative, 
that the melting-point test on official compounds should be made in 
accordance with a standard procedure, to the end that reasonably con- 
cordant values for the same product may result at the hands of 
different independent manipulators. That the melting-point require- 
ments of the United States Pharmacopceia (eighth) are quite inade- 
quate to any such degree of efficiency has long been recognized. The 
practical impossibility, under present conditions, of conforming to 
the standard imposed therein has repeatedly been urged upon the 
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- committee of revision by the different manufacturers and other indi- 
viduals concerned; and various recommendations for revision have 
been made, leading finally to definite action by the committee. 

The United States Pharmacopeeia is a publication which is cer- 
tainly very closely related to the public health. The proper devel- 
opment and improvement of this book in the matter of standards 
offers not only a legitimate but a very worthy field for active interest 
on the part of the Public Health and Marine-Hospital Service. It 
is perfectly logical and appropriate therefore that in this instance. 
as in others, the Committee of Revision of the United States Pharma- 
copoeia should solicit and obtain the cooperation of the Public Health 
and Marine-Hospital Service. 

As a result of this cooperation the division of pharmacology of 

this laboratory, in which an investigation on the solubilities of phar- 

macopeeial compounds was already well under way, undertook an 
investigation of the melting points for the twofold purpose of select- 
ing or devising a method or methods for melting-point determina- 
tions which could be recommended to the committee of revision for 
official adoption, and by means of such methods to standardize the 
melting points of pharmacopeeial compounds. 

The work so far accomplished in this investigation is herewith 
reported. It represents but a small part—and that the simplest 
part—of the work that a careful investigation of the subject involves. 
The real nature of the problem, its extent and complication, seem to 
be very generally misunderstood and underestimated. The progress 
of the work has disclosed details of procedure whose effect upon the 
melting point may be significant, but to determine which would in- 
volve independent investigations of no small proportions. Certain 
of these details will doubtless be indicated and perhaps made the 
subject of limited discussion at the appropriate point in this bulletin. 
It is believed, however, that, regardless of such complications, a 

practical and efficient standardization of melting points that will 
meet the present needs of the Pharmacopeeia will be accomplished by 
the adoption of official methods with carefully defined procedure. 

Tn selecting and applying the method recommended in this bulletin, 
the specifications suggested by the committee of revision—which sub- 
stantially called for a method combining the utmost degree of sim- 
plicity, general availability, and economy consistent with the desired 
efficiency—have been constantly kept in mind. The method evolved 
-by consideration of these qualifications permits of no claim to origi- 
nality in its design. Fundamentally it is an adaptation of the sim- 
plest method in common use. In essential details the apparatus has 
already been recommended to the committee of revision and has 
been officially adopted by at least two foreign pharmacopeeias. In the 
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course of this work, however, the belief has firmly developed that 
while one form of apparatus may be superior to another for obtain- 
ing theoretical accuracy in melting-point determinations, the essen- ésDgeeescest a thcnennat 

tial feature of any method for the purpose of standardization is — 
uniformity of practice. The means, therefore, by which it is hoped 
standardization of United States Pharmacopceia melting points may 
be realized through the method here recommended consists in the 
requirement of uniform detailed procedure rather than in the form of 
apparatus used. The special procedure by means of which the final 
results herewith reported have been obtained will be clearly outlined 
in later discussion. 

It is perhaps truismatic, if not premature, to suggest that should 
the committee consider favorably the method here recommended the 
final results herewith submitted, as in determining any acceptable 
standard, should be duplicated by as many investigators as possible, 
working independently and according to the same procedure, before 
being adopted as the official standard for the compounds represented. 

While temporarily connected with this laboratory, Dr. B. F. Love- 
lace, professor of chemistry at the University of Alabama, was for 
a short time an able associate in this work during the period of 
orientation, and a good share of credit is due to his initiative for 
whatever value may be ascribed to the work represented by this 
bulletin. 

PLAN OF PROCEDURE. 

In undertaking this investigation it was of course necessary to 
gain, if possible, a clear conception of the nature of the problems 
involved. To that end the United States Pharmacopeeia was care- 
fully consulted for the selection of such compounds as were consid- 
ered to possibly need investigation of their melting points or boiling 
points (including both solids and liquids). These compounds (about 
300), together with all essential data, bearing (in the case of solids) 
not only upon melting points but also upon their general behavior 
toward heat, were listed upon cards, each compound upon a separate 
ecard. Similar data from all other conveniently available pharma- 
copeeias (including the German, the French, the British Codex, the 
Austrian, and the Swiss pharmacopceias), and from the more impor- 
tant sources in the chemical and pharmaceutical literature (princi- 
pally Richter, Beilstein, and Schmidt for organic compounds; Moissan 
and Schmidt for inorganic compounds) were subsequently added to 
these cards in such a manner as to make for convenient and effective 
comparative study. The following copy of one of the cards will 
serve to illustrate the plan and arrangement and its efficiency in 
emphasizing important facts bearing upon the problem in hand: 



Compound, Pharmacopeeia, Data. 

Acetanilidum (CsH NO) ..| United States............... Melting point, 113°. 
Boiling point, 295° (without decomposition) ; 
upon ignition, consumed without residue, 

Cherie ties Secs aa ees» xa v.0's. Melting point, 113°; boiling point, 295°; 0.1 
gram should leave no residue on ignition. 

Mii Chaidlite ey 8s Melting point, 113° to colorless liquid; boil- 
ing point, 295°. 

British Pharmacopceial Co- | Melting point, 113.5”. 
dex. 

FAINT TAN 1 RE A OR ee Melting point, 113°-114°; boiling point, 295° 
ON CEOS Oe eee ee Melting point, 118-114°; boiling point 

294°-295°, 
Literature: 

Richter...... Se eee Melting point, 115°-116°; boiling point 
303.8°. 

Beilstein ...... ‘Ant Se Melting point, 112°; boiling point, 303.8°. 
SOM WRG Gareth eciare'm ad woe Melting point, 118°-114°; boiling point, 295°. 
Meyer und Jacobson...| Melting point, 115°; boiling point, 304° 

(stable). 

The result of a careful study of this fairly comprehensive compila- 
tion of data, and of other features of the literature in its application 
to melting points, was to emphasize the need and importance of the 
investigation, as well as to aid in giving direction to the work needed. 

The cards thus completed (except that with some of the less im- 
portant compounds data from the literature was not included) were 
divided into groups according to their supposed importance and in 
order to facilitate progress in the work. 

The first group included 37 of the more important organic com- 
pounds which seemed to offer no complication—such as water of 
crystallization or other minor difficulty—to rapid investigation of 
their melting points, and constitutes the only group with which this 
bulletin is specifically concerned. Subsequent experimental work 
on the compounds of this group, however, disclosed the fact that 
decomposition in connection with melting may constitute a very 
serious complication to the standardization of the melting points, a 
complication which will be made the subject of a more complete dis- 
cussion in another part of the bulletin. As a result of this develop- 
ment the list of compounds for immediate final investigation was 
reduced to 24. This list includes the following compounds: 

Acetanilidum. Hyoscyaminze hydrobromidum. 

Acetphenetidinum (phenacetine). Naphthalenum. 

Acidum benzoicum, Phenylis salicylas. 

Acidum camphoricum. Piperina. 

Acidum salicylicum. Pyrogallol. 

Antipyrina. Resorcinol. 

Atropina. Salicinum. 

Betanaphthol. Santoninum. 

Camphora monobromata. Sulphonethylmethanum. 

Chloral formamidum. Sulphonmethanum. 

Cocaina. Thymol. 

Homatropine hydrobromidum, Vanillinum. 
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The other 13 compounds or iginally included in the first group con-_ 
sist of the following: 

Acidum tartaricum. Hexamethylenamina. 

Aconitina. Hydrastina. 

Ammonii benzoas. Hydrastinine hy drochloridum. 

Apomorphine hydrochloridam. Iodoformum. 

Benzosulphinidum. Saccharum lactis. 

Camphora. Strychnina. 

Cocaine hydrochloridum. 

Of these compounds all except camphor were considered to show 
a greater or less degree of decomposition on melting, and therefore 
to need special investigation, as suggested, by extensive experimenta- 
tion with ammonium benzoate and others. Camphor was placed in 
another group because of its inadaptation to investigation by a capil- 
lary-tube method. 

NEED FOR INVESTIGATION AND STANDARDIZATION. 

As derived from the mode of attack just outlined, probably the 
most significant fact indicating the necessity for an investigation of 
melting points leading to the standardization of methods is the di- 
vergence that is frequently found between the values published in 
different sources as the melting point of the same product. 

The comparative data on the melting point of acetanilide, already 
given, will serve in some measure to illustrate this fact. It is fur- 
ther indicated and emphasized by the following additional data as 
obtained from cards of several other compounds included in the 
original first group of 37: 

Melting Melting 
point of | point of 

iodoform. | resorcinal. 

| 
Melting aitie 

Source of data. of cocaine hy-) 
, drochloride. | 

| Melting point | 
of pyrogallol. 

Pharmacopeceia: Degrees. Degrees. | Degrees. Degrees. 
United'States....< 225. .0s6.8 S ic Nous Ae 189.9 | 132 115 109-111 
eINIATE fS 2 oe epee Shades See eee 183 | 131-1382 120 110-111 
BP GU GIs so 525 3 ons toa ome mete see a eee 186 133 119 119 
British Pharmacopoeial Codex .............. 180-186 | 131 115 119 
TIRUTIAIR on woos anise cn taeaice eee ee eee 183 180. ol ats oc eee 110-111 
GBwiss ohn bee nee eee eee 182 131-133 120 110-111- 

Literature: | 
Pi ee 110 
BICHtOR: 2c «oe cedcacneccescs ele Ore EL ee i ccca alse eee iByz 5-133. 5 119 119 

Seat f 181.5 \ ac ‘ 110 BeUsteIn ..-coss. oases nee oes BE tae: a te i a 186 132. 5-133. 5 119 119 

Potente 2s os oh ee 186 131-132 119 W yaseeeta 
RINBOT oct» beeen Seiler ose a cae teeee ae | 181,5-200 |... see eee eee ele e eee eee e|e nee eneeeee 

« Decomp’s. > Impure. 

Many examples of such divergence might be cited, and though 
doubtless all would not show as great a degree of variation as is found 
in the examples here given, they would still be significant in illus- 
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tration of the need of a careful investigation and standardization of 
melting points.” 

It might be contended with apparent logic that a consideration of 
such comparative data has no direct bearing upon the melting-point 
requirements of the United States Pharmacopoeia, in that different 
standards are therein represented—the values found in the literature 
representing, presumably, perfectly pure compounds, while the dif- 
ferent pharmacopceias might readily represent standards differing 
from each other. Such a contention would doubtless be a sound one 
providing the builders of the different pharmacopcrias did actually 
and experimentally establish their respective standards. But the evi- 
dence is reasonably conclusive, at least as applied to many synthetic 
products, that the different pharmacopcrias have transcribed require- 
ments not only from each other but also from the scientific literature, 
both as to numerical values and text, thereby blending or ignoring 
the supposed differences in standards. Such a contention is further 
controverted by the fact that the melting-point values published in 
the scientific literature are frequently lower than the standards estab- 

*While proof reading was in progress on the galley sheets of this bulletin 
Dr. Atherton Seidell, of this laboratory, received a sample of diaspirin from 
Prof. W. A. Puckner, of Chicago, with request that a report upon the melting 
point of the sample be submitted to him from this laboratory, and with the 
statement that ‘according to the manufacturer it melts at 178 degrees.” In 
his communication Professor Puckner also noted the fact that different indi- 
viduals in his laboratory and at the University of Chicago, working independ- 
ently, obtained different results, none of which agreed with the manufacturer's 
claim. Determinations in this laboratory by different individuals, using the 
same apparatus, but differing in details of procedure, yielded results which 
neither agreed with each other nor with those reported by Professor Puckner 
nor with the manufacturer’s claim. 

All the results at hand obtained from this sample of diaspirin are given in 
the following tabulation. The determinations were all made with standardized 
thermometers and readings corrected for emergent stem: 

Number of | Melting point 
Source of data. individual or melting Remarks. 

determination. interval. - 

Degrees. 
WGH CUE (bis oe a 178 ; 
Chemical Laboratory, 2 164 | Double bath used; rate: 5 degrees per min- 
American Medical ute, and 2 degrees for last 10 degrees. M. 
Association, Chi- p. = Ist sign of melting; correction accord- 
cago. ing to Rimbach table (refer this Bul., p. 67). 

Chicago University... 2 171 | Rate: 3 degrees to 4 degrees per minute, 
iL 169 | Rate: 2 degrees per minute. 

Hygienic Laboratory.. al 176.5-178.5 | Rate: not regulated (rough determination). 
J 170.5-172.5 | Rate: not regulated. 
2 169.2-170.5 | Rate: 3 degrees per minute for 20 degrees 

below melting and 0.5 degrees per minute 
during melting. 

«& *—results by different investigators. 

Professor Puckner reports upon another sample for which results obtained 
in his laboratory differed from the melting point claimed by the manufacturer 
by as much as 15 degrees, 

This brief report of the incident is incorporated in this bulletin, with the kind 
permission of Professor Puckner, because it offers a still further striking, and 
up to date, illustration of the urgent need of a standard method and procedure 
for melting-point determinations—especially of pharmacopeial compounds. 
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lished for the same compounds by some of the pharmacopeeias. It is, 
moreover, highly probable that for most of the synthetic products: 
the difference between “ c. p.” and “ pharmacopeeial ” standards, from 
the standpoint of purity, is not of practical significance in. the stand- 

ardization of melting points. 
And, furthermore, among those concerned with any one standard 

there is more or less contention as to the melting-point value which 
should apply to a given compound in conformity with the standard 
in question. The protest of the manufacturers’ committee and of 
individuals and their plea before the committee of revision for 
the official allowance of a definite (and rather liberal) margin above 
and below the present impractical melting-point requirements in the 
United States Pharmacopceia are but further manifestations of the 
condition disclosed by the comparative data submitted. The chem- 
ical and pharmaceutical literature is replete with examples that 
might be cited in support of these arguments. But, be the argument 
what it may, in the compilation and study of such comparative data 
the end justifies the means, in that it is considered not only to indi- 
cate the urgent need for a careful investigation of the whole subject 
but also to disclose the heart of the melting-point problem as it 
applies to the pharmacopeeia, viz., the divergence in melting-point 
values of the same product as conscientiously determined by differ- 
ent investigators. 

Such a condition must inevitably induce either effective protest or 
disregard of any official standard which does not adequately define 
the procedure by which such standard is to be definitely established— 
a requirement which, in this instance, necessitates the determination 
and, as far as is practically possible, the elimination of all causes of 
divergence in the melting-point values of the same product as inde- 
pendently determined. 

CAUSES OF DIVERGENCE IN MELTING-POINT VALUES. 

To attempt an exhaustive discussion of this topic, in all its tech- 
nical, theoretical, and mathematical details, would doubtless involve 
a degree of complication which would defeat the purpose here in- 
tended. For that reason it is the intention in this bulletin to avoid 
any deeply involved theoretical consideration of the subject of melt- 
ing points, and, therefore, in this instance, to point out mainly those 
superficial causes of divergence which would seem to be compara- 
tively easy of elimination, and the elimination of which would prob- 
ably make possible a practical pharmacopceial standard that could be 
effectively established. 

As a result of the conclusions derived from much experimental 
work in the course of this investigation, supplemented by a study of 
the published work of other investigators in so far as it was found to 
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bear upon the problem in hand, the practically significant causes of 

"divergence in melting-point De ahimsijone may be briefly sum- 
marized as follows: 

1. Varying definition of melting point. 
2. The common practice of coordinating melting point and decom- 

position point. 
3. The great variety of methods used. 
4, Variable practice in the use of thermometers. 
5. Varied individual manipulation. 
6. Variation in physical condition and in preliminary treatment of 

the compound. 

DISCUSSION OF INDIVIDUAL CAUSES. 

I. Varying definition of the melting point.—The general concep- 

tion of temperature constancy as a prevailing condition in the melting 
phenomenon of a pure substance—commonly illustrated by melting 
ice—would seem to preclude the possibility of varying definition of 
the melting point. 

According to such conception, it is simply that temper fier (point) 
at which the substance melts. If abselute purity in chemical prepara- 
tions could be realized, such an ideal might become a_ practical 
reality. Purity, however, as applied to the average chemical sub- 
stance is a relative and not an absolute term. But, according to the 
average chemical and pharmaceutical teaching, the effect of impurity 
upon the melting behavior of a substance is simply to lower the melt- 
ing point, and therefore the general conception of melting phenomena 
is unaffected by the presence of impurity. The term “ melting point ” 
itself implies such a conception. 

That the present melting-point requirements of the United States 
Pharmacopeeia are based upon some such conception as that just 
outlined would seem to be indicated by the fact that in the great 
majority of cases a single unqualified value is specified as the melting 
point of the compound to which it is apphed. That such implied 
accuracy, even from the single standpoint of melting-point interpre- 
tation, is not justified by ordinary experience; that variable definition 
of the melting point by unrestricted independent investigators, under 
present conditions, is practically inevitable; and that such varying 
definition constitutes a real cause of divergence in melting-point 
determinations of the same compound, will perhaps be made clear 
by the following citations and discussion : 
A paper recently published from the Geophysical Laboratory, 

Washington, D. C., by W. P. White (*), probably represents the most 
advanced technique and theory in melting-point determination. 
Although the paper deals specifically with high-temperature work 

56669 ° —10—— 
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(melting point of minerals), and is for the most part far too tech- 
nical to be of value in this connection, the following generaliza- 
tions and conclusions are of practical significance and pertinent to 
this discussion : 

The preeminent value of melting ice as a temperature standard has made 

familiar the great constancy of the ideal melting point and its independence 

of external temperatures. The great majority of actual melting-point deter- 

minations, however, fail to show this ideal constancy and display @ melting 

interval® rather than a point. 

And again: 

The recognition of the part played by impurity changes radically the ordi- 

nary conception of melting-point phenomena. Instead of a constant tempera- 

ture the observer has to deal with one varying continually from beginning to end. 

Finally, in his summary, White states that “the true melting 
point * is the high end of the oblique melting interval.” That is, 

for the purpose here intended, the melting point may be defined,, 
according to White, as that temperature (point) at which under 
certain conditions the substance is just completely melted. 

On the other hand, Reissart (*), in 1890, reporting the results of a 
‘areful investigation of several melting-point methods as applied 
to the ordinary organic compounds, states, as one of his conclusions 
in discussing capillary-tube methods, that the beginning of melting 
is always the point to be observed. The substance of Reissert’s rea- 
soning in reaching such a conclusion is that the temperature within 
the capillary tube containing the sample is always lower than at the 
walls, hence the material in direct contact with the walls of the tube 
records the influence of heat before the bulk of sample within the 
tube has apparently been affected; and, therefore, the beginning of 
melting, as observed under such conditions, more closely approxi- 
mates the true melting point than any other point that might be_ 
selected throughout the experiment. That is, for the purpose here 
intended the melting point may be defined according to Reissert as 
that temperature (point) at which, under certain conditions, the sub- 
stance first begins to melt. 

The direct comparison without carefui analysis of such diametri- 
cally opposed conclusions is doubtless more or less fallacious. But 
many investigators accept and apply them regardless of conditions 
that might effectively establish each, and therefore the comparison, in 
application to this discussion, would seem to be justified. 

Further illustration of the confusion in melting-point interpretation 
that prevails in practice and of the divergence in melting-point values 
that may consequently result may be obtained from a consideration of 
a paper published in 1908 by J. Bishop Tingle and H. F. Roelker (*). 

“ Ttalics Menge’s, 
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In this work the authors attempted, with moderate success. to 
utilize the melting point for the purpose of determining the per- 

_ centage composition of binary mixtures of the three isomeric nitran- 
ilinis. The tabulated results of the three sets of determinations con- 
tain only a single value as the melting point of any one mixture; 
but the authors state, with reference to some of them, that the value 
given represents the mean of the temperature interval (interval not 
given) during which the mixture was observed to be melting; and, 
with reference to other values, the authors state that the mixture was 
not completely melted at the temperature recorded as the melting 
point. Regarding the remaining values, not included in the two 
special cases mentioned, no statement is made as to whether they 
represent the beginning or the end of melting, which, for mixtures. 
would presumably involve a more or less extended range. Disre- 
garding the latter condition, however, we have here a third and fourth 
possible cause for variation in melting-point values as a result of 
different interpretations of the melting point. 

In contrast to and including all definitions so far derived, Weg- 
schneider (*), in a convincing discussion of melting-point determina- 
tions in a capillary tube, makes the contention, with which White 
(loc. cit.) is in accord, that in melting-point determinations it is a 
melting interval and not a melting point that is always observed— 
the contention being based upon two considerations: 

1. The difference in temperature between the mercury in the ther- 
mometer and the substance in the capillary tube—the magnitude of 
this difference depending on the rate of heating; and 

2. The fact that some degree of impurity is always present, neces- 
sarily resulting in the observation of a melting interval. 
Weeschneider differs with White in that he strongly recommends 

that the entire melting interval be recorded, rather than any selected 
point, for the reason that otherwise an erroneous idea of the exactness 
of melting-point determinations is conveyed. In this connection, 
however, White (lec. cit. footnote, p. 459) states, “‘ The assignment of 
any lower limit is entirely arbitrary.” 

In citing the apparently widely divergent opinions of these several 
distinguished investigators relating to the question of correct inter- 
pretation of the melting point, there has, of course, been no intention 
of reflecting upon the work represented. On the contrary, I have 
proceeded upon the assumption that the names of the investigators 
involved give to the work a character that is beyond my power to 
impugn. The only purpose here has been to bring out in striking con- 
trast the various interpretations of melting phenomena that com- 
monly prevail. When it is considered that the different examples 
given represent in each case but one of many that might be cited, the 
general confusion in melting-point interpretation becomes apparent. 
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When it is further considered that many slightly impure compounds 
show a melting interval of several degrees, as determined by ordinary 
methods, the selection in different cases of the beginning or the end | 
or the mean of that interval as the melting point becomes a very sig- 
nificant cause of divergence in melting-point values; and the urgent 
need of a standard comprehensive definition of the so-called “ melting 
point * as applied in the standardization of pharmacopeeial com- 
pounds is made clear. The only question is, What definition should 
be adopted ? 

The results of the investigation in this laboratory, as far as com- 
pleted upon the melting points of pharmacopeeial compounds, have 
led to the conclusion that the melting-point requirements of the 

United States Pharmacopeia should specify a melting interval, rep- 
resenting the beginning and the end of melting for a product of 

Pharmacopeeial standard. The reasons for this recommendation are 
mainly: 

1. The fact that different makes of the same standard product 
frequently differ slightly in their melting points makes inconsistent 

and illogical the requirement of a melting point, while, on the other 
hand. the /?mits of a reasonably exact melting ¢nterval could be so 
determined as to include all products that were considered of 
pharmacopeeial standard. 

2. According to White (loc. cit., p. 460) the presence of a slight 
amount of impurity is very much more effective in extending the low 
limit of the melting interval than in lowering the “true melting 
point ” (high limit of the melting interval) ; therefore, as a means of 
pharmacopeeial standardization, the observation of a melting interval 
would be far more effective for detecting slight excess of impurity 
than the observation of a melting poznt. 

The effective operation of such a requirement, however, necessitates 
a clear, unmistakable, definition of the limits—more especially the 
low Jimit—of the melting interval. Experience in this laboratory 
has shown that the beginning of melting of the same substance under 
the same conditions may be variously defined, to the extent of several 
degrees variation, by different individuals. It is a fact of common 
experience in melting point determinations—at least, by capillary- 
tube methods—that substances frequently show some effect of the 
heat—variously described as “ cintering,” “ shrinking,” “ first sign,” 
etc., several degrees before any definite melting is perceptible. In 
some cases this “ first sign ” is sharp and complete, no further change 
being apparent until definite melting begins. In other cases the 
change from first sign to first melting is gradual, making extremely 
difficult the exact determination of the latter point. 

In connection with this investigation the observations described 
above induced an attempt to fix upon some definite behavior in the 
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region of the melting point, which was a reasonably constant char- 

acteristic of the edmisouitid under investigation; and which, whether 
or not theoretically correct, could be defined, for the sake of uni- 
formity, as the low limit of the melting interval. 

As the result of many determinations with this object in view it 
was found that, if the size of the capillary tube (about 1 mm. diam- 
eter) and the column of sample (about 3 mm. high) used for each 

determination is approximately the same and other details of pro- 
cedure are uniform, that temperature at which any point in the 
column of sample is observed to collapse against the side of the tube 
is approximately constant for the same product, and may be defined 
as the beginning of melting. 

The high point of the melting interval is, of course, defined as that 
temperature at which the last trace of sample becomes liquid. 

The results reported in another part of this bulletin for those com- 
pounds whose investigation has been completed were determined | 
accordance with the definition of “ melting point,” here suggested. 

In addition to the melting interval, the “ first sign ” is also reported 
but only as an approximate value. The observation of this point 
involves one detail in which the so-called “personal factor ” can not 
be entirely eliminated. Its determination is further considerably 
affected by slight variation in conditions, such for example as light. 
It is therefore a detail of melting phenomena which does not readily 
admit of practical standardization. 

Il. The Common Practice of Codrdinating Melting Point and De- 
composition Point.-—It is perhaps quite generally recognized among 
chemists that when melting 1s accompanied by decomposition the melt- 
ing point is not so sharply defined nor so easily duplicated as when no 
decomposition occurs. In successive determinations on such a com- 
pound, however, by the same procedure, the variation in results is 
not generally of significant magnitude, a fact which, in the case of 
the individual, would doubtless lead to the coérdinate use of melting 

and decomposition point determinations. On the other hand, if the 
procedure in determinations of the decomposition point is even 
moderately varied, especially as to rate of heating, the resulting 
values for the same product are often markedly divergent. There- 
fore, considering the wide diversity of methods and varied manipu- 
lation that now prevail in melting-point determinations, it follows 
that the codrdination of melting point and decomposition point would 
generally lead to more striking divergence in the values independ- 
ently obtained on a compound which decomposes at or below the 
melting point than on one which does not. A reference to the com- 

4Decomposition point as used in this bulletin indicates decomposition at or 

below the melting point. 

— 
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parative data, already submitted (p. 14), on the melting point of 
cocaine hydrochloride and of iodoform will serve in some measure 
to illustrate this fact. Comparative data on practically all similar 
compounds would simply emphasize it. 

That the two determinations are often considered of equivalent. 
value as a test is indicated, in greater or less degree, by the literature, 
especially the pharmacoperias. In the United States Pharmacoporia 
the term “ melting point ” is often applied, without qualification, to 
a compound which decomposes on melting. In other instances the 

only qualification is that the substance “ melts about ” the saprakes? 
ture quoted, and in still others the phrase “ with decomposition ” 
follows the value given as the “ melting point.” In all cases the data 
is included among the tests, and in no case is it implied that decompo- 
sition affects the procedure involved in a melting-point determination 

or its value as a test. 
At the outset of this investigation a preliminary experiment, in- 

volving work by three different investigators, was conducted for the 
purpose of disclosing in some measure the effect on the melting-point 
values of the same compounds as a result of independent methods 
and procedure in the determinations. In this experiment, however, 
uniformity was prescribed to the extent that each manipulator should 
use the same thermometer for a given compound and that no prelim- 
inary treatment, such as powdering and drying, be appled to the 
compounds (thereby eliminating two of the common and effective 
causes of divergence). 

A consideration of this experiment at this point is determined by 
the fact that one of its ultimate results was to direct especial atten- 
tion to decomposition as an important phase of the melting-point 
problem, the compounds impartially selected for the test accidentally 
including several which decompose on melting. 

To facilitate discussion the three investigators concerned in the 
experiment will be designated as A, B, and C.¢ All three investi- 
gators independently selected epi iaets methods for the deter- 
minations. The apparatus used by A and C was identical and con- 
sisted of a simple round bottom, wide-mouth bulb of about 50 ee. 

capacity, concentrated sulphuric acid being used for the bath. The 
apparatus used by B consisted of a similar but larger bulb, filled 
nearly to the neck with concentrated sulphuric » acid, and containing 

4A consideration of the results eelien in this ex periinenl should include. 

recognition of the fact that the investigators involved are all men who have 

had exceptional advantages in the way of chemical training (each at a differ- 

ent institution) and are rated as experts in their respective fields. It seems 

fair to assume, therefore, that their failure to recognize the necessity and 

importance of uniform procedure in melting-point determinations is typical 

of the majority of chemists and pharmacists, 
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a test tube, so adjusted in the neck of the bulb that it extended to 

within a few millimeters of the bottom. The position of the test tube 

in the bulb was maintained by the weight of similar acid in the tube 
and by projections blown in the side of the tube so as to catch on the 
neck of the bulb. In this case the sample and thermometer bulb were 

immersed in the acid of the test tube. Standard thermometers were 

used—the same thermometer being used for the same compound in 
all cases—but no correction for emergent stem was applied. The 
three sets of determinations were made entirely independent of each 
other, and there was no discussion of results or methods until all the 
experiments were completed. 

The compounds tested and the results obtained in each case are 
here tabulated: 

TABLE L—Comparative melting points as independently determined by different 
investigators. 

Compound. A. B. C. 

Degrees. Degrees. Degrees 
(Ses Lo ete Ol Oe 109. 5-110. 5 109-109. 5 108. 5-110 
PCRS De ta 2) Sa a eee 113 -114.5 114-116. 5 115 -116 
PRR ETO RG te es ara 2 ee ie Se ic nee ecice cece tees ese 179 -183 178-181. 5 176 -181 
REBAR T RIN Sarde a se SS bine Sisle dwanec. sweet 209 -216 211-212 200 -216 
a tu oe Se Sol eee Se ea 188 -188.5 178-180 a 190 
NES oe ee ae ee 131 -1382 131-152 130 -132 
RETO MP eae ec nee es we ee mee (sheee 110 -112.5 111-112 108. 5-112. 5 

“ Decomposed. 

The method of heating, as applied by each experimenter, was to 
play a Bunsen flame directly upon the walls of the bulb containing 
the bath. In no case was the rate of heating definitely regulated, but 
subsequent discussion indicated, with practical certainty, that in this 

respect there was considerable variation. Each observer recorded an 
interval (rather than a point) as the melting point, but showed 
marked differences in conception of the behavior which should define 
that interval. <A recorded the interval from the first definite forma- 
tion of liquid to the point of complete fusion; C’s interpretation 
agreed with A’s as to the upper limit, but included the first definite 
sign of change (not necessarily involving lhquid) as the beginning 
of melting; while B recorded the interval over which he observed 
the sample to be melting, but did not definitely define the beginning 
nor wait for complete fusion. In those cases where decomposition 
occurred these interpretations were more or less modified to suit the 

conditions. 
In the light of these facts the results of the experiment offer abun- 

dant material for discussion. Their application to previous, as well 
as to remaining, topics of discussion is obvious. As before stated, 
however, the experiment is cited at this point because it illustrates 

ag 

nf 
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in a striking way the possible effect that may result from decom- 

position w ee associated with a melting-point determination. 

Of the compounds selected for the experiment, iodoform, aconitine, — 
and possibly to a slight extent saccharine, show decomposition on — 
melting, but, in this instance, the results obtained for aconitine espe- 
cially attracted attention. The degree of divergence between the 
values determined by B and those by A and C was considered far 
greater than could reasonably be attributed to the effect of decom- 
position under ordinary conditions. It was thought probable—and 
may have been true—that B simply made a mistake of 10° in reading 
the thermometer. At any rate the fact led to further investigation 
of the decomposition point. 

In subsequent experiments with aconitine it was found that, if 
the rate of heating is varied or the temperature held at different 
points in different tests, the melting or decomposition point of this 
compound will vary accordingly. Although no attempt was made to 
determine the limits of this behavior, the results (uncorrected) ob- 
tained in a series of experiments varied from about 180° to 192.5°, 
indicating not only that the result reported by B may record the 
exact behavior observed in his experiment, but also the imperative 
need of uniform manipulation in determinations of this type if rea- 
sonable concordance in results is to be obtained. The evidence upon 
this point furnished by aconitine was corroborated by subsequent 
work with iodoform, cocaine hydrochloride, ammonium benzoate, and 
other compounds which, in greater or less degree, show decompo- 
sition at the “ melting point.” 
From a reasonably exhaustive study of the literature it would 

appear that few investigators have made any special note regarding 
the extreme variability of the decomposition point, and none seems 

to have questioned its value as a test as compared with the simple 
melting point. 

Wegschneider(*), in the paper previously referred to, states that 

in the case of substances which decompose below the melting point, 
the temperature of melting depends upon the rate of heating. He 
recommends that in such cases the exact manner of heating should 
be given in connection with the value quoted, and concludes that 
even then it is difficult for independent observers to obtain concordant 

results. 
In an abstract of a paper on “ The Melting Point of Aconitine,” 

by F. O. Taylor(*®), read before the division of pharmaceutical chem- 
istry at the last general meeting of the American Chemical Society, 
it is stated that the author calls attention “to the variation in this 
constant as recorded by different authorities. Results of 35 deter- 
minations confirm Dunstan’s results of 188.5° C. and show that 



employed.” 
A part of Circular No. 729 of the United States Pharmacopoeia 

committee of revision reports recommendations offered by B. L. 
“Murray(°) for the correction of various United States Pharmacopwia 
tests. Among these recommendations is found the statement that the 
‘melting point of iodoform “is about 119° C. instead of 115° ©.” 
Nothing is said of decomposition nor of the consequent necessity for 
very exact procedure in order to obtain the value recommended. It 
is probable, however, that the form of recommendation as originally 
made included some recognition of decomposition as a complication 
in this instance, for in “Some general observations on the United 
States Pharmacoporia,” previously made by Mr. Murray(*), a special 
procedure is suggested for “ preparations that can be heated only a 
very short time without decomposing.” | 

In his book on Identification of Pure Organic Compounds, S. P. 
Mulliken (*), in describing his capillary-tube method for melting- 
point determinations, calls attention to decomposition as a factor in 
such determinations by the following statement: 

The melting points of a few compounds which fuse at high temperatures with 

decomposition and loss of water, carbon dioxide, or ammonia have been found 

to be sharper when observed in capillaries sealed at both ends. These melting 

points are, however, of very little value unless accompanied by a statement of 

all the dimensions of the capillary and of the quantity of substance fused, for 

they will be found often to vary many degrees with a change in these conditions 
because of differences in the gas pressure of the decomposition products. 

Doubtless many other investigators have observed that decomposi- 
tion constitutes some measure of complication in melting-point deter- 
minations, but have not considered it of sufficient importance to 
justify special attention or discussion. 

The attempt in this laboratory to establish the conditions and pro- 
cedure best adapted, without complicating the general method, to 
offset the effect of decomposition in melting-point determinations led 
to extended experimentation with different compounds and to many 
‘divergent values. The conclusions reached were: I. That moderate 
variation in manipulation will in most cases cause considerable varia- 
tion in results. II. That reasonable concordance will nearly always 
result from the application of practically any perfectly uniform 
procedure. 

For the purpose of pharmacopoeial standardization it was consid- 
ered desirable that the conditions to be prescribed for testing any 
special class of compounds should conform as nearly as possible to 
those to be required in the principal method. From this point of 
view a procedure for decomposition-point determinations was 
adopted and its efficiency tested by many determinations on several 
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pharmacopoeial samples of aconitine and of ammonium benzoate 
with results that were considered satisfactory. a 

Undoubtedly more detailed discussion, especially with reference to. 
the experiments performed and the results obtained, of-this phase of 
the melting-point problem would be considered desirable were it not 
for the fact that subsequent developments led to the tentative con- 
clusion that the acceptance of the decomposition point as a constant 
whose determination, like that of the melting point, offers a fairly 
exact measure of the purity of a compound is not justified, or, at least, 

not without more exhaustive investigation than appears to have been 
given the subject. The basis for this conclusion will here be given 
detailed consideration.“ 

The specifications under ammonium benzoate in the Pharmaco- 
poeia contain the following statement: “ The salt fuses at 198° to 
194° C. (379.4° to 381.2° F), with decomposition * ™ *77)Gon= 
sidered in connection with the purity rubric of 98 per cent, this state- 
ment would doubtless be generally construed to mean that if a sample 
of ammonium benzoate fuses, with decomposition, at 193° to 194° C., 
it may be considered to be 98 per cent pure, or very nearly so. It was 
upon this assumption that the decomposition points of four pharma- 
copoeial samples of ammonium benzoate had already been standard- 
ized in accordance with the procedure previous referred to, the 
results obtained being practically concordant for the different samples 
and with the United States Pharmacopoeia requirement, thereby indi- 
cating a purity of at least 98 per cent, which subsequent analyses 

confirmed. The analytical data for the different samples, however, 
showed a variation as great as 1 per cent, with no corresponding 
variation of the decomposition point. Another sample, which had 
been kept in a vacuum desiccator for a short time and was found 
upon analysis to contain only 94 per cent of ammonium benzoate, 
also showed a decomposition point practically identical with that of 
the pure material. The wide variation which frequently results in 
melting-point determinations of a compound of this type might rea- 
sonably be explained upon the assumption that it is due to varying 
degrees of impurity, introduced as a direct result of the decomposi- 
tion itself, it being further assumed that decomposition is a grad- 
ually continuous, rather than a sharply defined, phenomenon; or, at 

least, that it begins slowly at comparatively low temperature and 

increases disproportionately with rising temperature until it finally 
becomes so rapid as to be strikingly evident. According to this rea- 
soning, if a sample of such a compound be heated very slowly a 
grea iter degr ee of decomposition will result, and consequently a larger 

4 The substauce of the following discussion has already been given in a paper 

on The Pharmacopoeial Tests for Ammonium Benzoate, by Seidell and Menge, 

Am. Jour. Pharm., January, 1910. 
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woportion of impurity will be introduced into the sample before the 
o-called melting point is reached than would be the case if the sample 

were heated rapidly, and the final observation will accordingly be 
lower. The results obtained with ammonium benzoate of varying 
purity as described above apparently controverted such an hypothesis 
and led to an attempt to test it. 

The principal products in the partial decomposition of ammonium 

benzoate are doubtless the volatile compound ammonia and the solid 
benzoic acid. Therefore, to determine the effect of varying degrees 
of decomposition upon the melting point of ammonium benzoate 

would practically mean to determine the effect upon that point of 
benzoic acid in varving proportions. Upon this simple basis the 
problem was approached from the two extremes, ammonium benzoate 
and benzoic acid, two series of samples, which gradually approached 
each other in composition, being thus obtained. 

The first series was prepared by subjecting pure ammonium ben- 
zoate to continual desiccation in the presence of sulphuric acid in 
au Hempel desiccator under diminished pressure (about 50 mm.), 
portions being removed at irregular intervals for analytical and 
melting-point determinations. In this way six samples were obtained, 
varying in composition from 98.6 per cent to 57.5 per cent ammonium 
benzoate. The last sample (57.5 per cent) exhausted the supply of 
material started with in that experiment. The second series was 
prepared by mechanically mixing benzoic acid and ammonium ben- 
zoate in proportions varying from 50 per cent each at the one extreme 

to pure benzoic acid at the other, six samples being obtained in this 
way. 

The melting or decomposition points determined for the different 
samples of both series, together with the duration of desiccation 
required to produce the varying degrees of decomposition indicated 
in the first series, will be found in the following table. The samples 
of the first series have been designated by Roman numerals and those 
of the second by letters. A standard thermometer was used and the 

observed reading was corrected for emergent stem. 
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Tare II.—Jelting points of mixtures of ammonium benzoate and benzoic acta 

Per cent composition. “ 
Melting or decom- 

tanhie: ——| position point Remarks. 

CsHsCOONHy. | CsHsCOOH. (cor.). 

Degrees. 
| Pe 99, 2 Trace. 192. 5-194.3 | Vigorous effervescence. 
biti aan cbs 99.2 Trace. 188. 2-189.2 | Effervescence after 5 to 7 minutes 
It SOR ean tal lig 99.6 Trace. 193 -194.3 | Vigorous effervescence. 
De ee 99.9 | Trace. 193. 1-194. 8 Do. 
EN es pts 99.7 Trace. 193. 8-194. 8 Do. 
cbse Sah 98.6 1 1938. 1-194. 3 Do. 
Wiles oe oe 94 6.4 191. 7-193. 5 Do. 
5 ft Cee 92.1 8 +) 192. 9-194 Do. 
Vitae s. <2. 88.4 11.8 190. 4-192. 4 Do. 
EG Hee 79. 29 | 20.5-+ 190. 7-193.3 | Slight melting and effervescence. 
2 ip a 6720. | 43 188. 6-192.2 | Last trace effervesces slightly. 
PAS Se LAR 49. 83 50.17 187.1-192.7 | Slight effervescence finally. 
RN eee et 49, 83 50.17 183. 9-190. 2 | Heated very slowly from 175. 
Bie oe | 21 79 152 -177.7 | Definite sign at 120-121, but n 

| liquid until 152; no effervescence 
Cee eee | 5. 73 94.27 | 121.3-122.3-148.9 | Most melts 121-122; no efferve: 

| cence. 
Hote eee al 5, 73 | 94.27 | 121.3-131, 5-149 C, remelted after cooling. 
By ee 3.85 96.15 | 120, 8-121. 3-146.9 | Behavior similartoC. 
Byer soee cate | OD 97.8 121.3-121.8 | Melts without decomposition. 
| ge Se ecet h se [rvrst settee eee eeee 100.0 | 121. 4-122. 4 Do. 

“Samples VII and IX represent degree of decomposition of two samples of ammoniut 
benzoate as a result of standing in an ordinary desiccator over sulphuric acid for abou 
two and one-half months. Samples V, VII, VIII, and X were obtained by subjecting — 
sample of pure ammonium benzoate to vacuum desiccation (about 50 mm. Hg) in th 
presence of sulphuric acid for 6, 42, 112, and 184 hours, respectively. Ia and A,: Th 
experiments I and Ia, also A and Ay, illustrate effects of different manipulations in dete 
mining the melting point of the same sample. 

A clearer interpretation of the melting points of the mixtures a 
given in Table II is perhaps obtained by a consideration of th 
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graphic representation (fig. 1). The lower curve represents the 

temperatures at which the various mixtures began to melt, the 
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ginning of melting being determined as nearly as possible in 
ecordance with the definition previously suggested in this bulletin. 

T Phe upper curve represents the final reading, not necessar ily the point 
of complete liquefaction, for in all cases where 80 per cent or more 
ammonium benzoate was present the effervescence was sufliciently 

| figorous to drive the material up the tube, and in those cases the final 
reading represents the point of vigorous effervescence. The distance 

between the two curves at any point represents the range over which 
the sample was melting or decomposing. 

The curves show clearly that the variation in melting point or 

decomposing point between a sample of pure ammonium benzoate and 
a sample containing 50 per cent of benzoic acid is barely significant. 

It would seem to require only casual consideration of the data 
submitted to lead to the very definite conclusion that a determination 
of the “ melting point ” of ammonium benzoate is quite useless as a 
practical test of purity—at least in the presence of benzoic acid, even 
to the extent of nearly 50 per cent. A further tentative conclusion 

is logically induced, to the effect that a melting-point determination 
by any of the usual methods of any compound which behaves similarly 
is entirely unreliable and should therefore not be required as a test 
in the standardization of this class of pharmacopceial compounds. 
The only justifiable use, if any, of the decomposition point would 
seem to be as a crude means of identification. 

It is presumably possible that the behavior of ammonium benzoate 
and benzoic-acid mixtures is not typical of mixtures of other com- 
pounds with their respective decomposition products. Further in- 
vestigation along these lines, however, was not considered feasible 
at this time. Therefore, upon the assumption that the results ob- 
tained are of general application, those compounds which show 

decomposition on melting were eliminated from the list selected for 

immediate standardization, as previously indicated (p. 14). 
If the United States Pharmacopeeia is to establish and maintain 

with dignity an effective legal standard for drugs, it would seem 
undesirable and unwise to include or retain among its official tests a 
test the utility or efficiency of which, for the purpose intended, even 
though not conclusively proven to be entirely inadequate, is open 
to serious question. From this pomt of view and as a result of the 
work with ammonium benzoate described above, it is recommended 
that the melting-point requirement for those compounds which show 
definite decomposition at or below the melting point be omitted from 
the pharmacopeeia, or, if retained, that it be definitely described as 
nonoflicial and of use only as a rough means of identification for that 
class of compounds. 

Il. The great variety of methods used—The term * method ’ 
applied to a melting-point determination may, perhaps, be logically 

TTT EI ene: ll 
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considered to include all details of operation involved in such a deter- 
mination. As used in this discussion, however, it is intended to refer 

primarily to the form of apparatus and includes other details only 
when they are considered essential features of the method or are 
essential to a comprehensive discussion. 

A brief review of some of the methods now in use may induce a 
clearer conception of the significance and importance of this phase 
of the melting-point problem. The very general practice of pub- 
lishing the results of melting-point determinations without reference 
to the method used makes impossible the selection, for the purpose of 
comparative study, of only those methods which are really most com- 
monly applied. Any method, however, which possesses any advan- 

tages whatever, doubtless finds application in greater or less degree. 
and therefore, in so far as diversity of methods may be responsible. 

contributes its share to the existing divergence in melting-point 
values. 

Although the methods described and, whenever possible, illustrated 
in the following paragraphs, probably do not include all that are in 
common use, they are considered to fully serve the purpose of illus- 
trating a rather remarkable diversity of means to a common end; and 
they include most of the methods that could be found deseribed in 
the conveniently available lterature. 

For the simple purpose of observing some degree of order in the 
consideration of the methods here included, they have been roughly 
divided into three groups, as follows: 1, Capillary-tube methods; 2 

electrical or acoustical methods; and 3, miscellaneous methods. 
1. Capiliary-tube methods.—Undoubtedly some form of a capillary- 

tube method is the means most commonly employed for melting-point 
determinations. The type, however, admits of great diversity of 

detail in form of apparatus and in manner of application—as, for 
example, whether metal or glass, single or double, container for a 
liquid or an air bath, or for an air bath within a liquid bath, etc 
These differences suggest a further natural subdivision of capillary- 
tube methods into two classes, as follows: 

Class a. Methods in which the capillary tube is immersed in an ail 
bath. 

Class 6. Methods in which the capillary tube is immersed in a 
liquid bath. 

The methods included in class @ will first be considered : 

The method of Anschutz and Schultz (°), described and illustratec 
by the authors in 1877, probably represents one of the oldest specia 
forms of capillary-tube methods now in common use. It consists of 
a round-bottom distilling flask (A) with a long neck (a flat-bottom 
flask may be used). Fused to the lip of the neck of the flask is a long 
moderately wide test tube (B), the bottom of which reaches very 
nearly to the bottom of the flask. The bottom of the test tube may be 
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lined with a layer of asbestos or not, as desired. At the side of the 
neck in the top of the bulb is a tubulure (C), through which the bath 

is introduced (concentrated sulphuric acid or molten paraffin) in suffi- 
cient quantity to half fill the flask. The apparatus is heated over a 
wire gauze. When it is in use the tubulure carries a tube (D), ground 
to fit, which contains a very small bore connecting the inner part of 
the flask with the air. At other times the tube D is replaced by a cal- 
eium-chloride tube (FE) to prevent gradual dilution of the acid by 

absorption of atmospheric moisture. The capillary tube containing 
the sample is attached to a thermometer and lowered to position in 
the test tube, which serves as an air 
bath. The advantages claimed for 
the method are that excessive fum- 
ing at high temperature is prac- 
tically eliminated; the bath gives 
no trouble from contamination and 
lasts without change for a long 
time; no stirring is needed; if the 
thermometer is not too long a cor- 

rection for emergent stem need not 
be apphed, since the air bath in 
which the thermometer is im- 
mersed is practically entirely sur- 
rounded by the vapor of the acid 
or oil bath; and, finally, it does not 
need constant watching. The ac- 4 
companying illustration (fig. 2) is 
a copy of that published with the 
original description. Different in- 
vestigators claim that the results 
obtained by this method are too 
high, a claim that is commonly fic. 2.—Apparatus of Anschutz and 

made of methods which involve the shane: 
use of an air bath as the ultimate means of heating the sample. 
Objection to it as a method for official adoption by the United States 
Pharmacopceia may be based, aside from other considerations, on the 
ground that the apparatus is practically impossible of construction 
to the average individual, starting with a flask and test tube, and if 
purchased as such would probably be too costly. 

The Roth apparatus (7°),as proposed by C. F. Roth in 1886, and 

as shown in the accompanying copy of his illustration (fig. 3), is a 
shght modification of the Anschutz and Schultz apparatus. It was 
devised primarily to eliminate the necessity for emergent stem cor- 
rection and thus to insure some degree of uniformity in the melting- 

point values independently obtained for the same compound, 
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In contrast to Anschutz and Schultz, Roth carefully specifies the 
dimensions of his apparatus, the bulb (a), the neck (b), and the 
inner tube (c) being respectively 65, 28, and 15 millimeters in 
diameter, and the total length 200 millimeters. The tubulure (11 
millimeters wide), grooved part way at d, is fitted with a-glass 
stopper which is perforated so that one opening is at the top and 
the other at the side as shown (d and e), the bath being connected 
with the air only when the stopper is so adjusted that the opening in 

the side communicates with the groove in the 
tubulure. The inner tube, of course, serves ag 
an air bath. Pure eon enaie sulphuric acid 
is used as the liquid bath and fills the outer ves- 
sel to a point about halfway up the neck (f), 
thereby insuring a greater uniformity of tem- 

perature in all parts of the system than is the 
case with the Anschutz and Schultz method. 

The method was tested on six substances ne 
melting points ranged from 123.5° to 234.5°. 

The results directly obtained were cpiepatell 
with results as correctly determined in the usual 
way (thermometer immersed to —10° mark di- 
rectly in acid bath and corrected for emergent 
stem). The divergence ranged from 0° to 0.6°. 

The objections to this method are practically 
the same as apply to that of Anschutz and 
Schultz. | 

A dissertation by G. Roster in 1879, as reported 
by H. Schiff (*), contains a brief and inade- 
quate description of a special method used by the 
former for melting-point determinations. The 
Roster apparatus, as described by Schiff, is a 
small double air bath, comprising two concentric 
brass tubes fastened together, and containing 
glass windows in such relation as to permit of 

Fic. 3.—The Roth ap- the necessary observation during an experiment. 
iene The substance for investigation is suitably at- 

tached to the thermometer bulb and placed in position in the bath, 
the whole system being finally arranged in a horizontal position. The 

report contains no further discussion of the method and no more’ 
detailed description could be found. 

In 1890 D. B. Dott ('*) described a method which he claims gives 
good results with compounds of pharmacopceial standard, espe- 
cially those melting at high temperature. The Dott apparatus is a 

small simple air bath, consisting of a copper vessel closed at one 
end and fitted with glass windows front and back. Two brass wires 
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through the sides support a piece of sheet asbestos. The sample to 

be investigated, placed in a “thin glass tube” (presumably capil- 
lary), is attached to a thermometer which carries a cork fitting the 
open end of the copper vessel, and lowered to position well above 

the asbestos sheet. The original description included no illustration 
of the apparatus. 

The device of G. M. Beringer (**), described in 1891, is essentially 

the same as the Dott apparatus, but has, at least, the great advantage 
of being more readily available and of easier construction. The 
windowed, copper vessel recommended by Dott is displaced in the 
Beringer method by a “tall, plain beaker,” “a crystallizing beaker 
with ground edge” preferred. The beaker is covered by a circular 
piece of glass of somewhat larger diameter than the beaker and 
through the center of which a hole three-fourths to 1 inch in diam- 
eter has been drilled. The hole in the center of the cover glass is 
fitted with a cork, perforated for carrying the thermometer. A 

“small olass tube,’ drawn out and cut off at the fine end at an angle 
of 45°, is used for carrying the sample, and is tied by means of a 
thread to the thermometer so that the small end does not extend below 
the lower limit of the thermometer bulb. The thermometer is then 
adjusted to such a position in the beaker as to bring the bulb and 
sample in about the center of the bath. Beringer claims that his 
method yields uniform and correct results, and also claims for his 
apparatus the following advantages over that proposed by Dott: 
that “ being entirely of glass there is no unequal absorption of heat 
by certain parts; there is an entire absence of currents of air, and 
there is an unobstructed view of all sides of the tube, so that observa- 

tions as to change of color, shriveling of the mass, charring, etc., 
which are especially desirable in certain organic bodies, as, for ex- 

ample, alkaloids, can be easily made.” No illustration of the appa- 
ratus accompanies the description. 

Class 6, Methods in which the capillary tube is immersed in a 
liquid bath: A method of this type, in very general use is the so- 
called *“‘ Greebe method.” In connection with a paper on tetrachlorph- 
talic acid, C. Greebe('*) briefly describes the method as consisting 

of a bulb into which a test tube is inserted, both bulb and test tube 
being filled with sulphuric acid. The principal feature of the method 
as apphed by Grebe was the complete immersion, in the acid bath, 
of the mercury thread of the thermometer used. For the convenient 

application of this feature at high temperatures, Grebe made use of 
several thermometers, the graduations on which began at different 
temperatures ranging from about 100° C. to about 300° C. 

As applied in different laboratories and by different individuals, 
this method is variously modified—most generally by ignoring the 
“ principal feature ” described above. One modification is illustrated 

56669 °—10 » 
vo 
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in the method used by the investigator B in the preliminary expert- 
ment described on p. 22. The cut (fig. 4) is an illustration of the 

Grebe method as apphed by Tyrer 
and Levy.(?5) . 

This method is undoubtedly a good one 
for general use, but there does not seem 

to be any special and practical advantage 
in the double bath. 

A method that may be considered a spe- 
cial modification of the Grebe method is 
described and illustrated (fig. 5) by S. P. 
Mulliken(*°). The modification consists — 
essentially in the use of a cork for the 
inner tube and in the use of a special 
bath at high temperatures (above 200° 
C.). The special bath will be given 
further consideration in later discussion. 
The Mulliken apparatus is deseribed as 

a round-bot- 

| 
| 
| 
| 

f tomed flask. 
— 

Y Uy 

y IZ with a bulb 

es 65 mm.in di- 

— ameter and a 

Fic. 4.—A form of the Grebe neck 75 mm. 
apparatus (after Tyrer and long and 2() 7 | ia | 

id 
E ee 

mm. im di- 
ameter. The capacity of the flask is 
about 200 cc. The inner tube (A) is a 

test tube 15 mm. in diameter and is 
freely suspended in the flask, the lip of 
the tube resting upon the mouth of the 
flask. As in the Grebe method, both 
the inner tube and flask are filled with 
the bath, in this instance to the level B. 

With reference to the inner bath the au- 

thor states that it is “a very bad prac- 
tice to use the test tube as an air bath.” 
Specific dimensions are given for the 
capillary tubes to be used and a method 
for making and loading them described. 
The capillary tube is fastened to the 
thermometer by means of a_ rubber 

Fic. 5.—The Mulliken apparatus. 

band (clipped from a piece of small 
rubber tubing) or, at high temperature, by a spiral of platinum wire, 
in such position that the sample is centrally located at the side of the 

thermometer bulb. 
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This method appears to be an excellent one, but is not considered to 

eo far enough in refinement of detail to insure the highest degree of 

efficiency for the purpose of standardization of pharmacopceial com- 

pounds. 
In a contribution “ On melting point,” by Edmund J. Mills (*°), 

published in 1881, the author describes and illustrates a method for 

melting-point determinations, which he devised for the purpose of 

insuring a steady rise in temperature 

and very exact results in a compara- | 

tively simple apparatus. The ac- WW 

companying illustration (fig. 6) is a 
copy of that published by the author. 
The apparatus is described by the | 

author as follows: | 

The apparatus, of which an engraving, A 

ona seale of one-fourth,” is given herewith ( 

consists of a bath nearly filled with oil of 

vitriol. In this is inserted a glass funnel, 

having on its lower edge six equidistant 2 

semicircular cuts of about 5 mm. radius, 

and, at the end of the neck, four of the RSS Shag” ff ARS 488499 

same. <A thin test tube, resting freely on x ie ees |!" SY 

the finnel, contains a bath of paraffin oil 

in which the thermometer’s bulb is cen- 

trally placed; against the bulb. in a little =) > 

tube separately represented, is fixed the 

substance whose melting point is to be de- 

termined. When the large bath is heated, 

-onstrained and .regular convection takes 

place in the liquid; the effect upon the 

thermometer is such as to cause the mer- 

cury to rise with very great steadiness. 

G wy 

Kicg. 6.—Mill’s apparatus. 

In an article on “An improved melting-point apparatus,” by F. W. 
Streatfeild and J. Davies, (‘*) published in 1901, the authors assume 
that the customary method for melting-point determinations above 
100° C. involves the use of “ the well-known apparatus consisting of 
a thermometer suspended in a beaker of concentrated sulphuric acid 
and provided with a glass stirrer.” For such a method they propose 
an additional detail of apparatus designed to eliminate the following 
drawbacks to the original methods: “1. Annoyance from acid fumes 
when working at a high temperature. 2. Danger of projection of hot 
acid, especially if the acid should accidentally boil. 3. Absorption of 
atmospheric moisture and consequent weakening of the acid when the 
apparatus is not in use.” As shown in the accompanying copy of the 

“The portion above the cover of the bath is not to scale. 
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author’s illustration (fig. 7), the proposed device consists simply of 
a “ light dome-shaped glass cover” which rests freely on the rim off 
the beaker, and is provided with two narrow openings, one centrally 
located, through which hangs the thermometer, and the other 
at the side, to permit manipulation of the stirrer. When attach- 
ing the capillary tube to the thermometer—accomplhshed by the 
capillarity resulting from contact of the acid between the cap- 

illary tube and thermometer—the glass cover “is 
raised by sliding it up the stem of the thermom- 
eter.” 

e A simpler form of perforated glass cover for a 

melting-point apparatus has been tried in this 
laboratory for the purpose of condensing acid 
fumes from the bath at high temperature, but was 
considered unsatisfactory. 
Inamethod for pharmacopeeial compounds, pro- - 

posed by S. J. Lewis ('%) in 1904, much more at- 

tention is given to details of procedure than to the 
form of apparatus used. The method involves 

the use of a tall glass beaker of 400 or 500 cc. 
‘apacity, two-thirds filled with the bath (which 
may be water, castor oil, paraffin, or other suitable 
substance). The use of a standard thermometer 

Lael is recommended and specific dimensions for the 
capillary tube are given. The thermometer and 
capillary are lowered into the bath until the lower 
end is about 3 cm. above the bottom of the beaker. 
Approximate rates of heating for different stages 
of an experiment and continuous stirring are pre-_ 
scribed. More or less definite directions for the 
preliminary treatment of compounds are also 
given. The method is not illustrated. Although 
his method is believed to permit of practical im- 

! provement in many respects, Lewis’s contribution 
ries hie Gor kOe subject of the melting points of pharma- 

pao and Pavies  copoeial compounds is considered to be far more. 
i rational and practical for the purpose intended 

than is commonly found in the literature. : 
A special form of apparatus for melting-point determinations by 

« capillary-tube method was proposed in 1907 by J. Theile(’®). The 
special feature of the apparatus involves only the bath container, 

which is designed to insure a better circulation of the acid, and there- 
fore a more uniform rise in temperature, than obtains in the forms 
of apparatus commonly employed. It consists of a glass tube 2 em. 

in diameter and 12 cm. long, containing at the side a glass loop 1 cm. 

A Ht 
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in diameter connecting the bottom of the main tube with the center, 

as indicated by the accompanying illustration (fig. 8). When in 

use the tube contains a sufficient quantity of the bath to just com 
pletely cover the upper opening of the loop, and the thermometer 

‘and capillary are so adjusted in the main tube that the bulb and 
sample are located midway between the upper and lower openings ot 

the loop. The bath is heated by direct application of the flame to 

the part of the loop farthest from the main tube, thereby inducing 
in the latter a circulation of the acid bath from above downward and 
consequently causing the first sign of melting to appear at the top 
of the sample, a reversal of the usual 
process, resulting, it is claimed, in 
more satisfactory observation of the 
end point in the experiment. 
An abstract consideration of the 

advantages claimed for this tube 
would not seem to justify the addi- 
tional cost of a very special form of 
apparatus for pharmacopceial pur- 
poses. 
A very extended elaboration of the 

principle involved in the Theile 
method is found in a method recently 
described and illustrated (as in fig. 9) 
by H. Stoltzenberg(*°). The Stolt- - 
zenberg apparatus—“ in principle a 
small Mammut pump”—is of two 
forms (A and B in the figure), one 
(A) being adapted for ordinary melt- 
ing-point determinations involving 
the addition of heat, and the other (B) being so arranged that the coil 

only may be immersed in a suitable freezing mixture for melting- 
point determinations at low temperature (extending to —60° C.). 
In the latter case the “observation tube,” containing the ther- 
mometer and capillary sample, must be frequently moistened 
with alcohol to prevent the tube becoming frost coated from atmos- 

pheric moisture. The arrow points to connection with a Kipp gen- 
erator, which delivers a current of dry gas (carbon dioxide) into the 
bath at the base of the coil. The gas flow should be regular and 
sufficiently rapid to force some of the lquid before it. The liquid 
thus displaced flows back into the * observation tube” through the 
sloping tube which connects the top of the coil with the main tube, 
while the gas escapes through the bulb. A rapid circulation of the 
bath and consequently a rapid and uniform change in temperature 

Fic. 8.—The Theile apparatus. 
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is thus induced. As indicated in the figure, the form A is heat 
by means of a Bunsen flame centrally located under the “ heatir 
coil.” the size of the flame being regulated by a Hoffman clamy 
The adjustment of the thermometer and capillary tube are clearl 
shown. The apparatus can also be used for solubility determination: 
A more complete description will be found in the original article. 

For melting-point determinations the method is doubtless an excel 
lent one, but is obviously too highly specialized. for adaptation teé 
present pharmacopceial needs. 

The so-called “ Piccard method” is simply a detail of apparatu 
devised by Piccard (*) in 1875, not as a part of any particula 

; 

; 
, 
| 

Fic. 9.—The Stoltzenberg apparatus. 

| 

| 

method but for application to any capillary-tube method. It a 
of a special form of capillary tube, illustrated by figure 10 (afte 
Piccard), so constructed that one end of the tube constitutes an air 
chamber (b), sealed at the upper end. The substance to be melte 
is introduced into the capillary in sufficient quantity to seal the lowe 
end of the air chamber where it tapers toward the capillary (a) 
On application of heat, the confined air in b expands, causing pres- 
sure on the sample at a, which. being in a conical part of the tube 
thereby becomes only the more firmly impacted until complete fusio 
occurs, when it is suddenly forced up the tube. In certain specia 
cases it is desirable to introduce a drop of mercury (c) below th 
sample. The advantage claimed for the tube consists in the conspicu 
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ous behavior at the melting point, rendering observation easy even 
through a more or less contaminated bath, thereby eliminating the 

necessity of frequently renewing the bath and also relieving the strain 
upon the eyes which results from many consecutive determinations 
with ordinary capillary tubes. The devise is claimed by different 
investigators to consistently cause high and variable results. 

Of the various capillary-tube methods so far considered, by no 
-means including all, it is highly probable that none—and still more 

probable that no other type of method—finds more general applica- 
tion than the simplest form, in greater or less degree of modification. 
Such a method is perhaps illustrated, as nearly as may be, in the 
description of the method applied by the investi- 
gators A and C in the preliminary experiment de- 
scribed on page 22; that is, it involves the use of 
an ordinary bulb (or flask, or beaker, according 
to the fancy of the individual investigator), 
partly filled with sulphuric acid, into which a 
thermometer, carrying a capillary tube contain- 
ing the sample, is immersed to varying depths, and 
to which heat is applied, generally by direct appli- 
eation of a Bunsen flame, to the acid container. 
In the unregulated application of such a 

method—as, in fact, of most of the capillary-tube 
methods—by different investigators, very wide 
variation in the details of apparatus and manipu- 
lation is practically inevitable. The thermometer 
used in different cases may vary greatly in con- 
struction and in accuracy (the latter quality being 
often unknown) ; a correction to the observed melt- 
ing-point values for that portion of the thermom- 
eter which extends above the bath (‘ emergent 
stem”) may or may not be applied (usually is 
not) ; the capillary tube may have any dimensions Fic. 10—The _ Pic- 
that could be variously interpreted as included = “*"@ capillary tube. 
within the limits of such a specification; in accordance with or 
independent of the dimensions of the capillary tube, the amount 
of the sample may vary, as may also its physical condition, the 
factor of rate of heating, of stirring, of melting-point interpreta- 
tion, ete. All are conditions which apply to most capillary-tube 
methods in their present degree of refinement, and which must seri- 

ously affect the values resulting from the use of such methods. 
Doubtless certain accidental permutations and combinations of these 
conditions among different investigators would result in concordant 
values. Other accidental combinations would probably be more or 
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less compensating in their effect. Still others, however, might be 
cumulative. And yet the published melting-point values, as a general 
rule, include no reference whatever to any of the conditions that pre- 
vailed in their determination. It is not surprising, therefore, that 
different investigators—apprecieting some or all of the defects a 
taining to established methods—have attempted to devise a method 
for melting-point determinations which would insure more reliable 
and concordant values than the “ ordinary capillary-tube method.” 

2. Klectrical or acoustical methods.—It is quite probable that some 

form of electrical method for ordinary melting-point determinations 
could, with less inconvenience, be made more independent of external 
conditions and of the so-called “ personal factor ” than would be pos- 
sible for the usual capillary-tube method. For example, with a well- 
controlled electric current as the source of heat, within the field of 
which the thermometer and charge are completely contained, a more 

perfectly regulated and uniform rise in temperature could doubtless 
be insured than would probably be possible or practical by any 
arrangement involving a flame. This and other features of the 
excellent “ high-temperature work ” now being done is suggestive of 
the refinement of method that may be practically possible for the 
more common melting-point work. 

The increased efficiency of electrical methods, compared with 
others, as at present applied to melting-point determinations of 
ordinary organic compounds, seems to be limited to the elimination 
of the “ personal factor” in the actual observation of the melting 
phenomenon. In all cases the melting point is mechanically indi- 
cated. The apparatus is so arranged that the substance to be melted 
closes the circuit of a battery when melting occurs. For that purpose 
the material is adjusted between terminals of the battery in a mercury 
bath, which also contains the thermometer bulb. At some convenient: 

point the battery circuit includes a bell or other sounding device. 

When heat is applied the melting of the sample causes direct metallic 
contact between the terminals on the battery by means of the mercury, 
thus closing the circuit and causing the bell to ring. At the first 
sound of the bell the temperature indicated by the thermometer dip- 
ping into the mercury bath is recorded as the melting point of the 
substance under investigation. 

Four such methods are here considered. The first was devised by 
J. Lowe (**) in 1871. It is described and illustrated (fig. 11) by the 
originator as consisting of a four-sided cast-iron vessel (A) 17 cen-- 

timeters long, 11 centimeters wide, and 7$ centimenters high, which 

serves as a water or an oil bath according as the temperature desired 
is below or above 100° C. <A cover of the same material contains in 
the center a well, 45 centimeters deep and 24 centimenters in diameter. 

The cover also contains a small opening near the edge for the escape 
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of vapors from the bath. The well in the cover serves as a container 

for a mercury bath, into which is immersed the bulb of an accurate 

thermometer (a), which is surrounded by a glass tube, open at both 
ends, to prevent cooling. A moderately thick, pointed, platinum 

wire (b) is sealed into a glass holder with sealing wax so that the 
ends project. This wire thus arranged is adjusted in the apparatus 
so. that the lower end may dip into the mercury bath while the upper 

end is connected by a copper wire to the zinc pole of a battery cell. 
A second platinum wire (c) dips into the mercury bath and is con- 

nected by means of a copper wire with an electro-magnetic bell, which 
in turn is likewise connected with the other pole of the battery. Thus 

Quy 

Fig. 11.—Lowe’s method. 

arranged, if both bare platinum wires come in simultaneous contact 
with the mercury bath, the circuit is closed and the bell rings. 

To make a melting-point determination by this method, the appa- 
ratus is adjusted as described above. The point of the platinum wire 
(b) is then cleaned by ignition and coated with the substance to be 
investigated by dipping it two or three times into a molten sample. 
It is then so adjusted in the apparatus that the coated point dips into 
the mercury bath. The circuit remains broken, however, because of 

the insulating surface of substance covering the wire. The bath is 
then heated until the substance melts from the wire, thereby estab- 
lishing connection between the wire and the mercury, closing the 
circuit, and causing the bell to ring. The temperature of the mercury 
bath when the bell rings is taken as the melting point of the com- 
pound under investigation. 



In 1875 a modification of Léwe’s method was proposed by C. H. 
Wollff(**). He made 24 successive melting-point determinations on 
the same substance by the Lowe method and obtained seriously dis- 
cordant results, some of which were divergent to the extent of 4.2° C. 
The degree of divergence was considered by Wolff to be, in some 
measure, jointly dependent upon the thickness of the pointed plati- 
num wire used and of the coating of compound covering the point of 
the wire. The improvements suggested, therefore, were the use of a 
thinner platinum wire of uniform thickness and some means of insur- 
ing a uniform coating thereon of the substance to be tested. Tor 
the one Wolff replaced Léwe’s “ moderately thick, pointed ” wire 
by one of the thickness commonly used in qualitative and blowpipe 
analysis. The new wire had a length of 8 mm. and was bent into 
a bow so that the ends were 5 mm. apart. The other platinum wire 
of the Lowe apparatus was also replaced by a similar thin wire. 
For the other improvement Wolff fused the substance to be tested 
in a suitable vessel and allowed the fused mass to cool until it began 
to congeal at the edges, and at this point the bow of the new bent 

wire was dipped once or twice into the fused substance, thereby insur- 
ing a uniform coating on the wire. The coated wire is adjusted in 
the apparatus by means of a metallic holder, which connects with 
one pole of the battery, and is lowered until the bow (coated part) 
of the wire dips 4 or 5 mm. into the mercury bath. The well in the 
cover of the Léwe apparatus is replaced in the Wolff apparatus by 
a small porcelain crucible, which is three-fourths filled with mercury 
(about 50 grams) and lowered into the water bath (Wolff worked 
only with compounds melting below 100° C.) until the level of the 
water extended at least to the level of the mercury. Twenty-two 
successive determinations upon the same compound, which with the 
Lowe apparatus showed such wide divergence in melting point, gave 
results with the modified apparatus between which the widest varia- 
tion did not exceed 0.5° C., while in most cases the values were exactly 
the same. No illustration accompanies the original description of 
this method. 

In a paper entitled “A new apparatus for the determination of the 
melting point,” published in 1890 by A. C. Christomanos (?*), the 
author recounts the disadvantages attending the use of the ordinary 
capillary-tube methods and proceeds to describe and illustrate (illus- 

tration reproduced in fig. 12) the new method implied in the title. 

Although not so stated by the author, the Christomanos method may 
be considered a modification of the methods of Léwe and Wolff. 
In principle it is identical, but differs slightly in detail. Whether 
or not the efficiency of the method is greater than that of Lowe or of 

Wolff seems not to have been specifically tested. Referring to the 
figure, the author describes his method somewhat as follows: A is a 
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eylindrical glass vessel, 12 em. high and 6 cm. in diameter, which 

may be heated upon a sand or air bath. It contains two neck-like 

openings, one of which is fitted with a cork carrying the thermometer 

(C) and a thick platinum wire (f), while the other is a small fluted 

neck (e), made conical in order to support a test tube (B), tapering 

at its lower end to a capillary (c, a, p). For use the glass vessel A 

Fig. 12.—The Christomanos apparatus. 

is filled with pure mercury to such a level (a, 0) that the capillary 

end (p) of the test tube (B) dips about 2 cm. (a, p) below the 

surface. 

The substance to be tested is introduced into the capillary part 

of the test tube in the following manner: A portion of it is carefully 

melted in another tube; the molten substance is drawn into the 
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capillary by suction through the end p to a height of 0.5 to 1.5 em. 
After cooling, the material adhering to the outer surface is removed 
and the tube is placed in position in the neck e. The space in the 
test tube above the sample is filled with mercury, drop by drop, to a 
height of 1.5 to 2 em. (a, c) above the surface of the mercury in the 
vessel A. A thin platinum wire (d), connected with the bell (D), 
extends through the mercury in the test tube (c, a) to the sample a. 

One pole of the battery cell (I) is connected by a copper wire to the 
bell (ID) and the other pole is similarly connected with the platinum 
wire f. The mercury bath is carefully heated so as to maintain a 
uniform rise in temperature. When the sample (a, p) melts it is 
forced out of the tube by the weight of the column of mercury (a, c), 
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which brings the latter in contact with the mercury bath, thus closing 
the circuit and causing the bell to ring. 

As with the Lowe and the Wolff methods, the temperature of the 
mercury bath when the bell first rings is taken as the melting point 
of the substance under investigation. For determinations at tempera- 
tures above 250° C. the whole apparatus is placed under a hood with 
a good draft. The author considers that his apparatus entirely elimi- 
nates most of the objections which he attaches to capillary-tube — 
methods. His melting-point determinations by this method have in- 
cluded, among others, the melting point of ice and that of saltpeter 
(338° C.). 

A still further modification in the type of method under consider- 
ation is that described and illustrated (as in fig. 13) by Tyrer and 
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Levy (**) in 1900. These authors cite the objections made by differ- 

ent investigators to electrical methods and attempt to overcome them 
in their modification. The accompanying figure clearly illustrates 
the details in which the apparatus differs from that of the Christo- 

‘manos method. An alternating current was employed (by means of 

the Ruhmkorff coil) with the idea of preventing increased resistance 
between the poles that may possibly be caused * by a secondary cur- 
rent formed by the electrolysis of the substance under examination.” 
The part of the test tube which contains the sample is made wider 
(about 4 mm. internal diameter) in order to facilitate contact when 
melting occurs. The sample itself is not previously melted for 
introducing into the melting tube, but is firmly packed into the end 
of the tube to a height of about 1.5 cm. by means of a metal rod of 
about 385 mm. diameter. As an indicator of contact after melting 
the bell of previous methods is replaced by a telephone device, 
through which the noise of the commutator in the Ruhmkorff coil 
is distinctly heard as soon as contact is made. 

Objections to electrical methods are generally based upon the high 
results obtained in their application. These high results are vari- 
ously explained: According to Landolt (*°)—using the method of 
Lowe and Wolfi—they are due to a lagging of the sample in leaving 
the wire after melting, while the temperature meantime continues 
to rise. When the sample is contained in a tube, Landolt’s reasoning 
would involve capillarity as a cause of delayed contact. A. Ferreil 
(77) considers the high results to be due to the preliminary melting 
and reheating involved. The explanation of Reissert (?) is that 
with such methods the melting must be complete before the melting 
point is indicated and, since the true melting point is the beginning 
of melting, the results obtained are, therefore, necessarily high. 
Tyrer and Levy (see above) suggest the further complication of 
“a secondary current” as an additional factor in the Landolt ex- 
planation. 

The results obtained by Tyrer and Levy with their electrical 
method (fig. 13) would seem to indicate that all of these objections 
have been overcome, but at the cost of considerable complication in 
the apparatus. At any rate, the apparatus required for an elec- 
trical method is probably beyond the range of the present average 
pharmaceutical equipment, and such methods are therefore not 
adapted to the present needs of the United States Pharmacopeceia. 

3. Miscellaneous methods.—The method of Cross and Bevan (78), 

as described and illustrated by the authors in 1882, consists of a small 
platform (A, fig. 14), made of very thin sheet-iron or platinized 
silver, having an opening (a) provided for inserting the thermometer 
bulb and a small depression (b), about 1.5 mm. deep and 2 mm. in 
diameter, for carrying the sample of substance under investigation, 
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B is a small glass float, having a thin piece of platinum wire, flat- 
tened and bent to an L-shape, sealed into the bulb end of the float 

To apply the method a 
small portion of the sub- 
stance under investigation 
is melted in the depression 
(b) of the platform. The 
bend. in the wire of the 
float is then submerged in 
the molten material and 
held until it bécomes fixed 
by the cooling and harden- 
ing of the mass. A ther- 
mometer is adjusted in the 
opening (a) of the plat- 
form and the whole sub- 

B a merged in a_ beaker, as 
illustrated by C in the 
fioure. When the mer- 

cury bath has been heated sufficiently to melt the sample the float 
(B) is released and suddenly rises to the surface. The temperature 

of the bath when the float rises is recorded as the melting point. 
The method seems not to 

have met with general 

favor. 

A method the applhea- 

tion of which insures an 
interpretation of the melt- 
ing point in accordance 

with Reissert’s definition 
(refer., p. 18) involves the 
rather complicated device 
described and illustrated 
by M. L. N. Vandevyver 
(79) in 1898. In Vande- 
vyver’s apparatus a small 
mirror (M, fig. 15A) is 
fixed at an angle of 135° 
to the end of a wire rod 
(a, b). Attached to the 

rod above the mirror are 
two rings, the lower one (c) fixed and the upper one (d) movable 

and having an overlapping rim. A circular piece of white filter 
paper is clamped to the ring ¢ by means of the ring d, and upon this 
paper a small piece of the substance to be tested is placed. The 

Fie. 14.—The method of Cross and Bevan. 

iG. 15.—The method of Vandevyver. 
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per part of the rod is fixed in a cork, which fits the tube E 

fig. 15B) and which also carries a sensitive thermometer (T), so 

idjusted as to place the bulb in close proximity to the sample. ‘The 

ube FE serves as an air bath and, as shown at B in the figure, js 

early submerged in a beaker of water, glycerin, or paraffin, as the 

ase may require. The outer bath is provided with a stirrer (R), 

vhich, when water is used as a bath, terminates in a brush (S), by 

vhich to remove air bubbles that may accumulate on the sides of the 
ube and interfere with the observation. The bath is slowly and care- 
ully heated. When the sample begins to melt, it stains the paper, 
nd the reflection of the stain in the mirror indicates the melting 
yoint, which is, of course, recorded by the thermometer. At high 
emperature the glass mirror is replaced by a metallic mirror. Other 
nodifications are made according to the nature of the substance 
ested. | 

This method, as applied by Tyrer and Levy (*°), appears not to 

lave been very satisfactory. 
The method described and illustrated (as in fig. 16) in 1899 by 

Mi. Kuhara and M. Chikashigé(*°) seems to have been designed pri- 

narily to eliminate the capillary tube. For the latter these authors 
ubstituted two cover glasses (used in microscopic work), cut in 
\alves, “ between which the substance to be tested is introduced, either 

n powder, in crystals, or in thin slices.” The layer of substance, if 
powder, can be made very thin by “ pressing and sliding the two 
yleces between the fingers.” The authors further describe their 
nethod as follows: 

The surface exposed is very large compared with the quantity of the sub- 

tance taken, and, consequently, its behavior toward heat may be distinctly 

bserved. Before the substance is melted the glass appears opaque, while it 

comes transparent when fusion occurs. The thinner the layer the more 

listinct is the demarcation; but with volatile substances a quantity somewhat 

n excess of what is apparently essential should be taken in order to make 

llowance for loss by volatilization. 

The pair of glass pieces is then fastened to a holder made of platinum foil 

ind tied, if necessary, with a piece of fine wire of the same material. The 

iolder, which can easily be made by folding the foil and cutting it with scis- 

Ors, as shown in the annexed figure, is suspended in a wide test tube into 

vhich is inserted a thermometer close to the holder. The test tube, serving as 

? air bath, is immersed in the sulphuric-acid bath almost to its mouth. The 

urther steps of the process require no modification of the old methods. 
e . 

The glass pieces can be used any number of times unless they are broken; 

his is considered another superiority over the tube method. , 

L. Dobbin (*") in 1904 recommended a method involving the use of 
thermostat, previously heated so as to register 1° or 2° above the 
elting point of the substance to be tested. Fifteen or twenty grams 
f the substance, previously dried by some prescribed method, is then 
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introduced and stirred with a thermometer, from which frequen 

readings are taken. When an intimate mixture of molten and soli 
material is obtained the temperature remains constant for som 

minutes (“‘as with ice and water”). This temperature is recorde 
as the melting point. The author admits that while this method 
seems “ to constitute a theoretically satisfactory mode,” it 1s imprae- 

iG. 16.—The method of Kuhara and Chikashigé, 

ticable for general use. He, however, urges the “ highest possibl 
degree of uniformity in the method employed ” for determinin, 
official melting points of pharmacopceial compounds. | 

It is probable that, except for some form of a capillary-tube metho 
no method for melting-point determinations is more generally adv 
cated than that proposed in 1889 by Landolt(#*). The descriptiol 
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and illustration (fig. 17) of this method as published by Tyrer and 
Levy (°°) are here reproduced: 

The substance, being placed in a test tube of 30 millimeters bore and 174 

millimeters length, this tube is surrounded by one of 40 millimeters bore, the 

whole being surrounded by a cylinder open at both ends and heated by a 

Bunsen burner so as to practically compose an air bath. ‘The inner tube is 

closed with a cork, through which a thermometer and glass stirrer pass. For 

protecting the outer glass a small disk of asbestos, covered with wire at a 

small distance above the flame, is 

advantageous. 

Landolt applied his appara- 
tus to the determination of not 
only the melting point, but also 
the freezing point, of three 
substances, the approximate 
melting points of which were, 
respectively, 80°, 165°, and 
200°. In successive experi- 
ments, involving both observa- 
tions, he used widely varying 
amounts of material. The re- 
sults obtained were remarkably 
concordant. It would appear 
that Landolt’s method is the 
only logical one that may be 
considered to closely approxi- 
mate theoretically accurate re- 
sults. A practically prohibi- 
tive drawback to a general 
application of the method, 
however, is found in the com- 

paratively large amount of 
material necessarily required, 
which would exclude its use 
for a large number of organic 
pharmaceutical products. 

As previously stated, the 
methods described above by no 
means include all that might 
be cited as of more or less common application; but it is believed 
that the number and variety considered serves fairly well the pur- 
pose of indicating the marked diversity of methods that prevail for 
melting-point determinations. 
That the unrestricted use of different methods constitutes a real 

cause of divergence in the published melting-point values of the same 
compound may not appear from abstract consideration of the meth- 

56669 °—10——_4 

Landolt’s method (after Tyrer and 

Levy). 
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ods, but it is conclusively demonstrated by the excellent work of sev- 
eral reliable investigators. The investigation of Landolt(**), previ 
ously referred to, was conducted for the purpose of determining the 
comparative efficiency of different methods. A preliminary part of 
the work involved the extremely careful and exact standardization 
of eight different thermometers. Besides his method, described above, 

he applied different forms of capillary tube methods (including Pic- 
eard’s), using both liquid and air baths, and also the electrical meth- 
ods of Lowe and of Wolff with various modifications. Many varia 
tions in procedure were applied. The same three substances (melt- 
ing, respectively, at about 80°, 165°, and 200°) referred to above 
were used in all cases. Landolt found that the results obtained by 
different forms of capillary tube methods (including variation in 
size of capillary tube) were more divergent, and usually higher tha 
those obtained when large amounts of the substance were employed 
for both the melting-point and freezing-point determinations (Lan- 
dolt’s method). The same statement applies to the various forms of 
electrical methods, as compared with both the Landolt method an 
the capillary tube methods. The widest variation in corrected re- 
sults between the different methods for the three substances used 
approximated, respectively, 1°, 2°, and 5°. A slight modification of 
an electrical method for two determinations on Naphthalene (melting 
point about 80°) caused-a divergence in results of over 2°. 

Similar work by Reissert(?), published in 1890, corroborates the 
evidence furnished by Landolt’s results. Reissert did not apply a 
great a variety of methods as did Landolt, but his investigation m- 
cluded a comparative study of a much larger number of compounds 
(24 in all), which ranged in melting point gradually from 13° C. 
to 284.65° C. The results for the same compounds, as obtained by 
different methods, showed divergence ranging from a few tenths 

of a degree at low temperatures to several degrees at high coves 
atures. Reissert recommends the use of Landolt’s method whenever 
possibile. 

Perhaps the most comprehensive comparative study of different 

methods that can be found in the literature is that of Tyrer and 

Levy (**), published in the Year Book of Pharmacy, 1899 and 1900. 
In the course of their investigation nine different methods were used, 

including that described by the British Pharmacopoeia, Greebe’s. 
Landolt’s, Piccard’s, Christomanos’s, Mill’s, Kuhara and Chikashige’s, 
and Levy’s accoustical method. Twelve compounds were treated, 
ranging in melting point from about 40° C. to about 200° C. 

Besides the divergence due to the use of different methods, they 
- studied the effect upon the melting point due to varying physical 
conditions of the compound, to the extent that they determined the 

melting point of the commercial product, the same dried, and the 
same purified until there was no further rise in melting point. Fur- 
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ther reference to this feature of their work will be made in subsequent 

discussion. 
The amount of divergence resulting from the use of different 

methods varied not only with rising temperature, but also between 

different compounds melting at about the same temperature, and 
‘ranged from about 0.5° at low to about 3° or 4° at high temperature. 

With only three compounds, however, was the comparison extended 

to all nine methods. These compounds were spermaceti, melting at 
about 43° C.; betanaphthol, at about 122° C.; and picrotoxin, at 
about 200°°C. The range of divergence in this case extended from 
about 2° for the first two compounds to over 6° for picrotoxin. The 
increase in range of divergence with increase in the number of meth- 
ods applied to the same compound under the same conditions is very 
striking and convincing. 

As a result of their work the authors conclude that Greebe’s method 
involves “ the most convenient form of apparatus as applied to a ma- 
jority of the pharmaceutical substances,” while “ electrical methods 
which eliminate to some extent the error of individual observation 
are to be recommended.” 

In each of the foregoing investigations it must be admitted that 
the factor of individuality (including nearly all individual variation 
in details of procedure) is practically eliminated from the results, 
and that therefore the divergence in the values obtained must be 
inherent to the different methods employed. Undoubtedly, then, the 
application of a great variety of methods to the determination of 
melting points, even though applied by the same investigator, may be 
a real and serious cause of divergence.in the results obtained upon 
the same compound. Obviously, therefore, for the practical stand- 
ardization of the melting points of any group or class of compounds 
it becomes primarily essential that a perfectly uniform or standard 
method shall be required in all cases for the determination of a 
standard value. 

As applied to the United States Pharmacopoeia, such a requirement 
seems entirely feasible. The present legal status of the pharma- 
copeia makes mandatory the application, for official tests, of any 
method the committee of revision may select and officially prescribe. 
It becomes necessary, therefore, only to decide upon the method or 
methods desired in order to eliminate the prevailing dissatisfaction 
with the United States Pharmacopceia melting-point requirements, 
in so far as that may be due to the variety of methods now used. 
A careful consideration of all the methods for melting-point de- 

terminations described above leads to no definite conclusion as to 
which is best. Some seem to be better adapted for the purpose from 
one point of view, others from another. With reference to each of 
several very different methods the originator or advocates make the 
claim that its application insures the nearest approach to theoretical 
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accuracy in results. What constitutes theoretical accuracy in melt 
ing-point determination, however, seems to be a mooted question ever 
among very reliable investigators. The claim of exactness is prob 
ably more frequently made of Landolt’s method than of any othe 
of those commonly applied. Nernst(*?), Reissert(?), Crafts (#) 
Dobbin (*"), and many other investigators seem to consider it in tha 
light. But one of White’s(*) conclusions (see p. 18)—applied 
pharmacopceial products—is to the effect that, in the melting of 
mass of substance, there is no point at which the temperature remai 
constant—therefore, as an abstract deduction, the Landolt methoc 

would seem to offer the same wide range for the interpretation 0: 
the melting point that is possible to any capillary-tube method. 

As a result of these considerations the writer has been led to the 
conclusion that theoretical accuracy in melting-point determinations 
although highly desirable, is, in view of the uncertainty pertaining 
thereto, not as vitally important for the purpose of standardizatio1 
of pharmacopceial products as is uniformity of practice. Therefore 
a method involving very simple apparatus, easily accessible to al 
concerned, with carefully defined procedure, would probably ser 
the purpose as effectively as a more complex device, a conclusior 
which is in accord with the suggestion (see p. 11) made by the co 
mittee of revision of the United States Pharmacopeeia with reference 

to this work. 
A careful consideration of the various methods found in the litera 

ture, together with the results of their application by different investi 
gators, led to the further conclusion that some simple form of a capil. 
lary-tube method, with uniform procedure, would, doubtless, yielk 
as consistent results for the same product as would any other practica 

method; and at the same time this type of method generally possesses 
the advantage of greater possible simplicity in the form of apparatus 
required, and the still greater advantage of being applicable to 
larger class of organic compounds, than is true of most other methods 
This line of reasoning eliminated, at the outset, all methods involving 
any very special or complicated form of apparatus (including some 
of the capillary-tube variety) and limited further consideration 
the remaining forms of capillary-tube methods. Abundant objectior 
on the part of many reliable investigators to any form of metho 
involving the use of an air bath, and their aparent lack of genera 

application, seemed to justify the further elimination of methods 0 
that type. Experimental investigation was thus reduced to a fey 
comparatively simple forms of capillary-tube methods. 

It was further considered desirable, however, as tending toware¢ 
an international standard, that the method adopted by the Unitec 
States Pharmacopoeia should conform to the method most commonly 

prescribed by foreign pharmacopeceias, in so far as such a method dis 
closes desirable features and does not conflict with the ideals of thi 



Dnited States Pharmacopceial Convention. ‘The following are brief 
statements of the melting-point requirements concerning methods of 
some of the foreign pharmacopceias: 
_ British Pharmacopoceia(**) : The substance is placed in a capillary 

tube of 1 mm. diameter, attached to a thermometer bulb, and im- 

mersed in a suitable bath, contained in a beaker. Constant stirring 
isapphed. ‘The substance is melted, allowed to cool and solidify, and 
is then remelted, the temperature of the second melting being con- 
sidered the melting point. The thermometer used is required to be 
corrected by comparison with a standard thermometer, and the zero 
point should occasionally be determined. Correction for emergent 
stem of the thermometer should be applied unless the entire mercury 

thread is immersed in the bath. 
German Pharmacopceia(**) : Substance dried for twenty-four hours 

in a desiccator over sulphuric acid. Sufficient substance introduced 

into a capillary tube of 1 mm. diameter to form a column 2-3 mm. 
high. Tube attached to a suitable thermometer and immersed in a 
bath of sulphuric acid contained in a test tube of 30 mm. diameter. 
Bath gradually heated with frequent stirring. That temperature at 
which the opaque substance becomes a transparent liquid and flows 

together in transparent drops is the melting point. 
The methods prescribed by the Austrian(**) and the Japanese (*) 

Pharmacopeeias are practically identical with that of the German, 
while the Helvetian(**) Pharmacopceia differs essentially from the 
German only in prescribing the use of a double bath, that is, a form 
of Grebe’s apparatus. 

The Swedish Pharmacopceia(*®) requires that the substance be 

finely powdered and thoroughly dried. Sufficient is then introduced 
into a thin-walled capillary tube of 1 mm. diameter to form a firm 
layer several millimeters deep. The thermometer bulb and sample 
are immersed in a bath of sulphuric acid or liquid paraffin contained 
in a suitable vessel. The bath is briskly stirred while being heated. 
The melting point is defined as in the German Pharmacopceia. 

In the Danish Pharmacopceia(*°) the substance is required to be 
finely powdered and well dried. Introduced into a capillary-tube of 
1 mm. diameter, it is attached to a thermometer and heated in a Roth 

apparatus containing sulphuric acid in the outer tube. 

The majority of pharmacopceias at hand, however, seemed to re- 

quire the application of no definite method for the determination of 

official melting points. 
The three methods finally selected for experimental investigation 

were all capillary-tube methods and involved the following simple 

forms of apparatus: 
1. A simple round-bottomed glass bulb of 50 to 75 ce. capacity and 

having a short neck of about 20 mm. diameter. The method is prac- 

Peet, 
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tically that used by the investigators A and C in the preliminar 
sg ie previously described (see p. 22). | 

. One of the various forms of the Graebe apparatus, involving th 

use sie an inner tube containing sulphuric acid and adjusted in a bull 
which also contained sulphuric acid. The method is practically tha 
used by the investigator B in the preliminary experiment referrec 
to hci 1. 

3. A large test tube, about 100 mm. long, 30 to 35 mm. interne a 
diameter, and provided with a glass stirrer. The apparatus corre. 
sponds practically to that prescribed by three of the foreign phar 

copeelas. 
It required little preliminary experimentation with these three 

methods to disclose the fact that constant stirring of the bath during 
a melting-point determination is a very desirable detail of the 
manipulation; and that the use of a double bath apparatus does not 
permit of as easy control of the rate of heating as a simple bath 
provided with a stirrer. The first end second methods were therefore 

rejected and further attention was confined to the development of 
the third. As the result of.very extensive experimentation the fol- 
lowing method was evolved and is now submitted to the committee 
of revision as: 

The method recommended for incorporation in the official melting 
point requirements of the United States Pharmacopaia.—tt involves 
the use of a simple round-bottom straight-glass tube of 30 mm 
internal diameter and about 100 mm. long, flaring slightly at the 
top like an ordinary test tube. The walls of the tube should 
about 1 mm. thick (certainly not more than 1.5 mm. thick at any 
point) and must be made of glass which will stand heating over an 
open flame.t This tube or container is fitted with a stirring device 

which, with a little practice, can be easily made in a few minutes 
from a piece of small-sized thick-walled capillary glass tubing 
(about 2 mm. internal diameter preferred). of such length that a 
double bend above the top of the container brings the outer end of 
the stirrer within easy reaching distance of the hand for convenience 
in manipulation. When in use the container is filled with a suitable 
bath to a depth which will permit of such immersion of the bulb o1 

the thermometer that the upper end of the bulb will be 2 to 3 ¢ 1 

below the surface of the bath and the lower end of the bulb abou 

equally distant from the bottom of the container. The capillary tube 

4PDuring ian seateckedor? eupucmentation with this method perfectly satis- 

factory tubes were made in the laboratery by the investigators coneerned from 

the water jacket of small broken Liebig condensers or other suitable tubing. 

Subsequently a small supply was made to order according to the specifications 

given above at very moderate cost. If the method is officially adopted by the 

United States Pharmacopoeia the tube will doubtless be put on the market at 

still smaller cost. 

| 
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is attached to the thermome- 
ter (by means of the capillar- 
ity resulting from sulphuric 
acid between two glass sur- 
faces) in such position that 
the sample is centrally lo- 
eated by the side of the ther- 
mometer bulb. 

The apparatus is set up 

by simply clamping the tube 
in an ordinary lamp stand, 
which also carries the ther- 
mometer suspended in any 

convenient manner from a 
second clamp attached to the 
stand. The container and 
stirrer and the adjustment 
described is shown in figure 
18. The glass tube held by 
the clamped cork (shown at 
top of figure), and through 
which the thermometer passes, 
simply serves to prevent any 
swinging of the thermometer 
that might be induced by stir- 
ring, and at the same time 
does not interfere with rais- 
ing the thermometer for con- 
venience in adjusting the 

capillary tube. 
For melting points up to 

150° C. pure concentrated 
sulphuric acid was considered 
the most suitable and satis- 
factory bath. When fresh it 
can be used at much higher 
temperature, but then its very 
irritating fumes make it de- 
cidedly objectionable. After 
much experimentation no bath 
could be found suitable for 
work at temperatures much 
above 200° C. which was not 
more or less objectionable on 
account of fuming. This Fic. 18.—Apparatus recommended for the 

c United States Pharmacopeia melting 

difficulty, however, was found point requirements. 
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to be effectively overcome by a slight modification of the apparatus 
which consisted in fitting the container with a cork, perforated fo 
the thermometer and for the stirrer and with two or three small vents 

or grooves cut in the edge to prevent excessive pressure. With this 
modification, a very pure grade of cotton-seed oil,’ freshly distille 
paraffin, certain mineral oils, and a few other substances could 
conveniently used up to 300° or over, but soon become muddy fro 
decomposition and have to be frequently renewed. 

The comparative efficiency of the different substances tested as 
high-temperature baths will, in some measure, be indicated by a brief 
consideration of some of the experimental work. A sample of the 
cotton-seed oil (referred to in footnote) was heated to about 260° C. 
and cooled to room temperature several times without any apparent 
change in color. It was sufficiently clear and colorless to make obser- 
vation of the melting substance in a capillary tube almost as easy 
as in any other bath. The same sample of oil, heated as described 
above, was used as a bath in making from 15 to 20 melting-point 
determinations of a sample of saccharine, after which it was heated 
up to 360° C. with little evidence of boiling, and, though considerably 
darker than at first, was still sufficiently clear to permit of reasonably 
good observation of the melting point. So many melting-point deter- 
minations of saccharine offered a rather severe test of the bath, since, 
in most instances, the temperature rise from about 206° to about 
221° C. invloved a time interval of from fifteen to thirty minutes. 

Glycerine was also tested as a bath in determinations of the same 
compound, but discolored much more rapidly than did cotton-seed 
oil. Even when a very pure and high-priced grade was used there 
was a marked change after four or ie determinations. 

As a bath for melting-point determinations at moderately high 
temperature liquid petrolatum has the initial advantage of being 
perfectly clear and colorless. As a preliminary test it was slowly 
heated to about 275° C., at which temperature it did not fume exces- 
sively and remained perfectly colorless. Applied to melting-point 
determinations of cocaine hydrochloride (about 200°), however, it 
began to discolor after the second or third heating. After ten or 
twelve determinations at that temperature it is considerably dark- 
ened but still fairly clear (not muddy). Decomposition, however, 
seems to lower its flash point, and its use is therefore attended with 
more or less danger. 

4An exceptionally colorless and high- polling sample of this oil was kindly 

furnished for this investigation by L. W. Bosart, jr., of Milliken, Staten Island, 

N. Y. I take pleasure in acknowledging with sincere appreciation the kind 

cooperation of Mr. Bosart in this connection, 
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A pure grade of paraffin freshly distilled makes a reasonably good 
wath. It begins to fume about 270° C. and boils about 350°. A 
ample used in melting-point determinations of hydrastine hydro- 
hloride (about 210°) showed some discoloration after the fourth or 
ifth heating, but the change was not markedly increased by heating 
hree or four times to 320° C. A fresh paraffin bath is perhaps clearer 
md more colorless than one of the pure cotton-seed oil, but discolors 
nore rapidly with repeated heating, and is therefore inferior. 
A sample of mineral oil—represented as probably better adapted 

han any other of that type for use as a melting-point bath—was 
eceived from a prominent refining company. The oil made an 
infavorable impression at first glance, being quite dark, considerably 
luorescent, and not very clear. It began to fume about 230° C., dis- 
olored rapidly on repeated heating to about 300° C., and was soon 
lisearded as inferior to any of the baths previously tried. 
Artificial (cotton seed) lard was also applied to the purpose and 

ound to be reasonably efficient for a limited number of determina- 
ions up to 275° or 280° C. Olive oil and castor oil were also included 
n the investigation, but disclosed no advantages as baths over the 
ubstances already considered. 
Of the various organic substances applied to the purpose of a bath 

he pure cotton-seed oil is undoubtedly the best, but the grade de- 
eribed above would doubtless be difficult to obtain in the open 
market and therefore would probably be comparatively expensive, 
vhile, according to the evidence obtained in this investigation, a 
yoorer grade would be disproportionately inferior as a bath for melt- 
ng-point work. Moreover, the cotton-seed oil at best requires more 
requent renewal than would be considered desirable if many melting- 
point determinations at high temperature were involved. Attention 
vas therefore directed to eile’ inor game baths which might better 
erve the purpose. 

Of the various fusible mixtures of inorganic salts* which fre- 
juently serve the purpose of a high-temperature bath in other lines 
f work, probably the one best adapted to melting-point work is that 
onsisting of a mixture of equal parts of sodium nitrate, potassium 
litrate, and sodium nitrite. This mixture melts at 180° C., though its 
nelting point can be lowered to some extent by the addition of a 
ittle sodium chlorate. The mixture when first melted is slightly 
loudy, but rapidly clears as the temperature rises, forming above 
100° C. a perfectly transparent liquid with a slight yellow tinge. 
[The bath is doubtless an excellent one for high-temperature work, 
yut in its application to melting-point work it has certain serious 

“Wor valuable suggestions in this connection my grateful acknowledgments 

ire due Prof. H. W. Foote, of Yale University, whose kind interest and coopera- 

ion are sincerely appreciated. 
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drawbacks. The mixture must first be fused in a porcelain or other 

suitable vessel and then poured into the glass container, which, with- 

out careful manipulation, would often mean great liability to break- 
age and consequent danger of serious accidental burns. Without 
discussing other disadvantages disclosed by application of this bath, 
subsequent experimentation led to the conclusion that the high- 
temperature bath for the pharmacopceial method should be lquid 
below 180° C., and it was therefore concluded that this bath was not 
adapted to the purpose. 

It was suggested that some of the so-called “ specific-gravity 
baths,” used for the separation of mineral mixtures, might supply the 
needs of a high-temperature bath for melting-point determinations. 
Access was had to the literature (references (*1) to (°°), inclusive) 
describing such baths, which also consist of fusible mixtures of in- 
organic salts, but, without experimental investigation, none was con- 

sidered feasible. | 
The high-temperature bath finally selected and here recommended 

as admirably adapted to meet the needs of adequate pharmacopceial 
melting-point requirements up to from 320° to 370° C., depending 
on its preparation, is the one previously referred to as proposed by 
Mulliken (8). The author states that the bath— 

is prepared by cautiously boiling together for five to ten minutes under a 

hood a mixture of 70 parts by weight of concentrated sulphuric acid and 80 

parts of neutral potassium sulphate and stirring constantly until the sulphate is 

completely dissolved; or by similar treatment of a mixture of 55 parts by weight 

of the acid with 45 parts of acid potassium sulphate. The mixture has the 

consistency of glycerin and does not fume so badly as to prevent the use 

of rubber bands for attaching melting-point capillaries to the thermometer. 

It is less corrosive and less easily discolored by traces of organic matter than 

sulphuric acid. 

¢ 

The bath is further described in a footnote, as follows: 

After long exposure to the air it may become semisolid through absorption 

of water, but is easily liquefied again by heat. When a melting point above 

300° is to be taken with a bath that has not been heated much above 250° 

for some weeks it is advisable first to boil it for a few minutes. Otherwise 

the bubbles of steam given off in the neighborhood of 300° will cause bumping 

and interfere with the observation. Under certain obscure conditions the 

mixture may solidify to a hard mass, with a considerable rise of temperature. 

But this is a rare occurrence, and when it happens a short boiling will bring 

the bath back to its normal state. 

By increasing the proportion of neutral sulphate from 80 to 40 per cent this 

bath may be used for temperatures up to 370°. Such a bath remains pasty 

until the temperature has fallen to 90°-60°. Either of these sulphate baths, 

if slightly darkened by organic matter, may be cleared by a short heating 

above 300°. 

Contrary to the claims made for it—though possibly due to some 
error repeatedly made in various preparations of it—this bath was 

found to fume in an open container at high temperature almost as 
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badly as the pure sulphuric acid. .With the 

simple cork modification the fumes would char 
the cork and quickly spoil the bath, but by at- 
taching a disk of thin asbestos, by means of 
copper wire, to the bottom of the cork and in- 
cluding a glass tube in the perforation for the 
stirrer both the fuming and charring were ef- 
fectively overcome, and with reasonable care in 
heating the bath could be used as high as 350° 
C., or even to 370° C., with perfect convenience 
and safety. In all cases where the cork modifi- 
cation was applied the stirrer, in order to avoid 
inconvenience in attaching the capillary tube to 
the thermometer, was made in two parts—the 
first extending through and about one-half to | 
inch above the cork, the second part being the 
remainder of the stirrer, as first described. The 

two parts are easily joined, with ample security, 
by means of small pieces of small-bore rubber 
tubing. With practically no inconvenience this 
arrangement permits of attaching the capillary 
tube to the thermometer in the usual way, as 
shown in figure 19, which also shows, at the 
separate cut A, the special arrangement of the 
cork as above described, and, at B, the manner 

of assembling the two parts of the stirrer. 

Fie. 19.—The cork modification and divided stirrer does not interfere with convenient 

manipulation. 
' 
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The dark color gradually acquired by the bath from contaminatiot 
with organic compounds can be readily cleared from time to timé b 
adding a pinch of potassium nitrate—or less conveniently by heating, 
as described by Mulliken—and in this way continuous use for a large 
number of determinations is possible. 

The perfectly clear liquid condition, at comparatively low tem- 
perature, of the more concentrated sulphate bath and the lack of 
inconvenience in manipulating the apparatus with the cork modifica- 
tion suggests the desirability of applying these conditions for tem- 
peratures above 150° C., thereby entirely eliminating practically all 
annoyance from the acid fumes which are evolved in heating sul- 
phuric acid much above that temperature in an open container. The 
complete apparatus in operation, with the cork modification, is illus- 
trated in figure 20. . 

Details of procedure to be recommended as a part of this method 
will be specified at the appropriate point in my discussion of the 
remaining causes of divergence (refer summary p. 17). 

IV. Variable practice in the use of thermometers.—Considered in 
all its phases the thermometer is perhaps the most significant and 
serious, and in one respect, at least, the most obvious of all causes of 
divergence in melting-point values. Different thermometers, as ap- 
plied by independent investigators, may induce divergence in various 
ways, including (1) variation in construction, involving materials, 
dimensions, range, etc.; (2) whether or not the thermometers have 
been standardized and the resulting calibration corrections are ap- 
plied; and (3) whether or not correction for emergent stem is ap- 
pled (when the mercury thread is not completely immersed in the 
bath). 

The first consideration as a possible factor involving error in 
thermometric measurements does not seem to be generally appre- 
ciated. ‘That it is effective, however, though perhaps in a compara- 
tively minor degree, is one of the conclusions induced by this inves- 
tigation. Variation in thickness of the wall in the bulb of different 
thermometers will undoubtedly lead to some degree of variation 1 
the observation of a phenomenon (such as melting point), which is 
induced by a steadily rising temperature, the magnitude of varia- 
tion being influenced, of course, by other factors. If a large part o: 
the thermometer stem is outside the immediate source of heat (in this 
case the bath), variable thickness of wall in the stem will probably 

also exert a similar influence, not only on the direct observation, but 
also on the emergent stem correction, if one is made. In the latter 
case variations in the length of the stem and in the range of the ther- 
mometer would doubtless be much more effective than would a mod- 
erate difference in the thickness of the stem walls. 
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I'ic, 20,—Complete apparatus in operation with cork modification. 
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Facts of the character outlined above were early indicated in the 

to our purpose, but all differed more or less in construction. The twe 
most used were, respectively, about 300 and 310 mm. long and were 
graduated in whole degrees, the first (No. 1) from —6° to 406° C., 
and the second (No. 2) from —15° to 263° C. The stem of the No. : 
thermometer was about 7 mm. and that of No. 2 about 6 mm. in di. 
ameter. while the bulb of the former was considerably smaller than 
that of the latter. These two thermometers, except perhaps in range, 
probably agree in dimensions about as closely as could ordinarily be 
expected of any two that were not the same. Nevertheless, their 
application by the two investigators to melting-point determinations 
of the same compound, by the same method, with uniform procedure, 
yielded results which were quite consistently, though moderately, di- 
vergent. The disagreement was considered to be due to the cumula 
tive effect of errors of observation (fractions of a degree could only 
be approximated), emergent stem correction, the so-called “ personal 
factor,” etc. Nevertheless the two investigators could more closely 
approximate duplicate results by using the same thermometer. 

The latter consideration subsequently led to an attempt by one of 
the investigators to eliminate the consistent divergence noted above 
by application to the two thermometers of more refined detailed 
procedure. The attempt was only partially successful. In the ma- 
jority of a large number of melting-point determinations, covering 

a wide range of temperatures, the comparative results, obtained by 
alternate. use of the two thermometers, still showed a divergence, in 
the same direction, of from 0.2° to 0.5°. Such a margin of disagree- 
ment for average melting-point determinations might reasonably be 
considered negligible; but if, in this case, the disagreement is due 
to variation in construction of the thermometers, a wider variation 
might cause the margin of error to exceed the limits of a reasonable 
standard. Whatever the explanation of this consistent disagreement 
however, the facts led to the conclusion that for the purpose of de 
termining official United States Pharmacopceia melting points officia 
thermometers of uniform construction should be required. It is 
considered that for such a purpose the thermometer should not 
too long (about 300 mm.), should not cover a range of more than 

about 150°, graduated in 0.5°, and the bulb- and stem walls shoule 

“Special standard thermometers were kindly loaned the laboratory for thit 

investigation by both the Bureau of Standards, Department of Commerce ant 

Labor, and the Bureau of Chemistry, Department of Agriculture. 
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be as thin as is consistent with reasonable security from breakage. 
In anticipation of further melting-point work, sets of three such 
thermometers ranging respectively from —10.5° to 150.5° C., from 

98° to 250.5° C., and from 198° to 350.5° C., have recently been 
acquired by this laboratory. 

The importance of “ standardization ” as applied to thermometers, 
and the extent to which its indifferent application or omission may 
affect. melting-point values, does not seem to be as generally recog- 
nized as it unquestionably should be. The extent to which even 
laboratories of high standing indiscriminately apply standardized 
or unstandardized thermometers to important work is surprising. 
Furthermore, it appears that the qualification “ standardized ” is 
sometimes interpreted to mean that a thermometer to which it applies 
gives correct readings directly, rather than that calibration correc- 
tions have been carefully made for it and should be applied to the 
observed readings. 

The calibration correction below 100° C. for a thermometer of good 
make may be, and usually is, negligible for average melting-point 
work, but above that point even the best thermometers may show 
increasing error with rising temperature, frequently amounting in 
the neighborhood of 300° C. to 6° or 7°. Consideration of these 
facts makes it evident that the all-too-common practice of indis- 
criminately using standardized and ordinary thermometers for 
melting-point determinations constitutes a real factor in causing the 
prevailing divergence in published melting-point values. It is ob- 
vious therefore that for the determination of standard (official) 

United States Pharmacopoeia melting points a standardized ther- 
mometer—-or one that has been carefully compared with a stand- 
ardized thermometer—with invariable application of the resulting 
calibration corrections, should be required. 
Among the many possible causes of divergence in melting-point 

values, it is highly probable that no one factor is more effective or 
more conspicuously obvious than the variable practice in the applica- 
tion of a correction for the emergent stem of the thermometer, a cor- 
rection which is sometimes made, but far more commonly omitted. 
This correction, as measured in this laboratory for the two thermom- 
sters (Nos. 1 and 2) previously referred to, in their application to 
this work will give some idea of the magnitude of error involved by 
its variable application or omission. The following tabulation shows 
the correction as determined for the two thermometers at different 
remperatures. The first figures, read horizontally, represent the dif- 
ferent temperatures at which the corrections were measured and the 
figures immediately below them represent, respectively, the correc- 
tion at that point for the two thermometers, as indicated: 
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; 80 140 160 180 200° Sy 100 =| 120 
Temperature of bath. degrees. degrees. | degrees. | degrees. | Coerede, degrees. | degrees 

Correction for No. J =.2...<...- 0.43 | 0.54 | 0. 90 | 3.38 1.97 |.-. 268 3.3 
Correction ‘for No; 2 2603.2. 48 . 85 | 1.33 | 1.91 2.57 3. 36 4.2 

The corrections for the two thermometers at the same temperature 

necessarily vary, the variation being greater the higher the tempera. 
ture, because, on account of the difference in length and range be 
tween the thermometers, the length of mercury thread emerging from 
the bath at any given temperature, and therefore the amount of cor 
rection, was greater with one thermometer than with the other. ’ 

The auxiliary thermometer measurements that were preliminary te 
the calculation of these corrections were made independently by twe 
investigators applying as nearly as possible the same procedure thai 
was previously followed in melting-point determinations. Consid 
ering the crudity of method their results were remarkably concorda 
and both sets of readings calculated to practically the same values. 
as recorded above. But, without making any claim of extreme a 
curacy in the measurements involved, the corrections above tabulated 
are considered to clearly illustrate the effect upon divergence in melt: 
ing-point values that may result from variable practice in this single 
detail of procedure. ; 

When it is clearly recognized that the correction which shoul 
be applied to different thermometers at the same temperature may 

rary within wide limits, depending upon the varying constructior 
and immersion of the thermometer, the possible extent of confusiot 
in results becomes very striking and leads to the very definite con 
clusion that for the purpose of pharmacopceial standardization a 
melting points the correction should be officially required. It is true 
however, that the single purpose of insuring uniformity would be 
just as well, possibly better, served by requiring only the regulatec 
use of an official standard thermometer without application of th 
correction for emergent stem; but, as before stated, theoretical accu 
racy should be attained as nearly as is practicable, and therefor 

the correction should be required even in connection with an officié 
thermometer. 

The manner of determining the emergent-stem correction may als¢ 
constitute a cause of divergence in melting-point values. In thi 
investigation the corrections were made by application of the Kop} 
(1) formula: 

Cor.=a N (T-t) 5 

in which T represents the temperature registered by the main thet 
mometer; t, the mean temperature of the emergent stem as measure( 
by an auxiliary thermometer (i. e., the temperature at a point midwa 
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between the surface of the bath and the top of the mercury thread 
of the main thermometer) ; N, the length of emergent stem measured 

in degrees (i. e., if the main thermometer is immersed in the bath 
to the 10° mark and the temperature is 200°, then N=200—10, or 
190) ; and a represents the apparent expansion of mercury in glass 
for 1°, which is given for this formula as 0.000154. 
The accuracy of the Kopp formula has been challenged by various 

investigators, and other—generally more complicated—formulas have 
been proposed to replace it (references 52 to 56, inclusive). In 1889 
Rimbach(°?) published a review of several of these formulas, in 
which he discussed their development and comparative accuracy. 
Although doubtless inaccurate for extremely refined measurements, 
it is probable that the original Kopp formula still finds more general 
upplication than any modification of it. It is obvious, however, that 
in so far as different formulas may induce significant variation in 
the correction (Thorpe(**) claims for the Kopp formula an “ over- 
correction ” of 0.5° at 200°) their indiscriminate application consti- 
tutes another slight cause of divergence. To insure complete uni- 
formity, therefore, it becomes necessary to designate some one 
formula to be applied to emergent-stem corrections. As applied to 
pharmacopoeial standardization, it seems more desirable to adopt 
simplicity in uniformity of practice than to attain extreme theoretical 
accuracy when the two are opposed, and therefore the Kopp formula 
is recommended for official adoption in connection with the United 
States Pharmacopeeia melting-point requirements. . 
If concordant values are to be obtained, at the hands of different 

manipulators, in measuring the mean temperature of the emergent 
stem (t in the formula), several factors must be carefully considered. 
Slight variations in the manipulation of the flame by which the bath 
is heated are likely to cause comparatively wide fluctuations in the 
readings of the auxiliary thermometer; cold drafts or currents of air 
playing directly upon the bulb of the auxiliary thermometer will 
induce the same effect in even more marked degree. Fluctuations 
from both these causes can be largely eliminated by adjusting to the 
stem of the main thermometer a movable platform made of paper, 
sufficiently firm to maintain its shape, and having its edges folded 
30 as to form a box-like shield surrounding the bulb of the auxiliary. 
Manipulation of the flame should also be uniform, however, and 
should follow, as nearly as possible, the procedure prescribed for 
melting-point determinations; in both cases the flame, when not ap- 
plied to the bath, should not be held too close to the apparatus (easily 
avoided by a turn of the hand, see dotted line fig. 20). 
The auxiliary thermometer should be small (Anschutz thermome- 

ters were used in this investigation) and should be so suspended that 

56669 ° —10 a) 
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the center of the bulb is as close as possible to the stem of the mai 
thermometer at the point where the temperature is to be measured 

In this investigation when the bath was used without the cor 
modification it was at first considered necessary, for obvious reasons 
to make separate corrections for the part of emergent stem whie 
was below the top of the bath container and the part which extendec 
above it, the two sets of values being added to obtain the complet 
correction. A subsequent correction, however (in which only on 

set of auxiliary readings was made for the entire emergent stem) 
indicated that, for practical purposes, a separate correction for tha 
part of the stem included within the empty space of the containe 

was unnecessary. When the cork modification was used the emergen 
stem was considered to begin at the bottom of the cork. | 

To make a correction for emergent stem in connection with ever} 
melting-point determination would, indeed, be an intolerable nuisance 
For practical purposes, however, and providing the same thermome 
ter or one of very similar construction is always used, such a pro 
cedure is entirely unnecessary. <A set of corrections covering thi 
entire range of the thermometer at intervals of 10° or 20° could k 
made once for all and the results plotted in a curve on coordinat 
paper, from which the correction for any temperature could be deter 
mined by inspection. The only material source of error in such ; 
procedure is variation in room temperature. But the extreme fluctua 
tion in the temperature of an operating laboratory will seldor 

exceed 20° F. (65° to 85°). If, therefore, the set of corrections i 
made at an average temperature, the limit of error for the correctio1 
will seldom excéed 0.1° C. and will usually be much less. 

The procedure for making emergeni-stem corrections in this investi 
gation was that outlined above. Several sets of auxiliary reading 
for the two thermometers used were obtained at intervals of 20°, a 

successive davs. From the average of these readings the correction 
were calculated by application of the Kopp formula. ‘To the result 

obtained the calibration corrections were algebraically added (instea¢ 
they could be so added. either to the observed values or after correc 
tion for emergent stem had been made) and the final values plotte 
on coordinate paper, as suggested above. The resulting curve show 

ing corrections for one of the thermometers from 80° to 200° is show 
in figure 21, the observed readings on the main thermometer bein 
plotted as abscissa, the heavy lines representing 10° intervais, an 
the correction being plotted as ordinate, the heavy lines representin 
1° intervals. Horizontally the small divisions represent 1° C. read 
ings (observed temperature), while perpendicularly they represen 
0.1° (correction). According to the curve the total correction fo 
this thermometer (under the conditions of the experiment) at, say 
172° C. is 2.4°. In like manner the correction at any point can BD 
read directly from the curve. . 
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lar than would otherwise be possible. Of the two, the publication ¢ 
an official curve, rather than an official table, of corrections wou! 
seem to be the more desirable, for the following reason—the corre 

tion for temperatures lying between the intervals experimental 
determined could be read directly from a curve, while from a tab 
they would have to be calculated by interpolation. 

In summary of the recommendations regarding the use of the 

mometers in official United States Pharmacopceia melting-point dete 
minations, it may be stated that: 

1. Some degree of uniformity in construction of the thermometer 
used in official melting-point tests should be required. 

2. Thermometers should have been accurately standardized, or care 
fully compared with an accurately standardized thermometer befo 
being used in official tests, and the calibration corrections shoul 
always be applied. 

3. If an official thermometer is prescribed a table showing corre 
tions for emergent stem at frequent temperature intervals, or a curv 
showing such corrections for all temperatures, should be published i 
the Pharmacopoeia. If an official thermometer is not prescribed, th 
official melting-point requirements should include a clear descriptio 
of the procedure to be followed in making emergent-stem correction: 

V. Varied individual manipulation.—Consideration of this subjee 
as a cause of divergence in melting-point values, includes only thos 

details which usually depend entirely upon the individual and ar 
largely independent of the type of apparatus or thermometer used an 
of the physical condition of the compound. Probably the most im 
portant of these details concern the variable rate of heating and th 
equally variable practice of stirring. The so-called “ personal fac 
tor” or “ personal equation” (or other synonymous phrase) is als 
a detail that may be considered under this head. 

Of the two first-mentioned details of individual manipulatior 

undoubtedly the rate of heating is the more significant cause 
divergence. Perhaps no more striking illustration of the effect of 
variable rate of heating upon the melting point of the same compoun 
could be offered than that found in Grebe’s(?*) discussion of th 
results obtained by different investigators in determining the meltin 
point of phthalic acid. Greebe states that according to Lossen(® 
the melting point of this compound is 184°, while according t 
Ador(*) the powdered acid melts at 203° and the large crystals 4 
213°. Grebe considers the high results by Ador to be due to rapi 

heating. He states further that the melting point of this acid, ¢ 
commonly determined, varies from 190° to 195°, but that by a prope 
regulation of the temperature during the determination even the larg 
crystals can be made to melt below 184°. 
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Replying to Miither and Tollens(**) in defense of the “ Maquenne 
ec” for melting-point determinations, Maquenne(*’) points out 

hat for the compound phenylglucosazone melting-point values may 
e obtained ranging from 200° C. to 230° C. according to the rate of 
a s- Seven different values within these limits are given for 
is compound, together with the time required for melting g@ in each 

ase, using the “ Maquenne bloc.” 
Conclusive evidence corroborating these contentions regarding a 

ariable rate of heating—at least in the neighborhood of the melting 

oint—was obtained in the course of the experimental work involved 
n this investigation, and such evidence was not limited to those com- 
ounds which show a tendency to decompose at the melting point. 
ther instances might be cited to prove that the present erratic prac- 
ice in heating a melting-point bath is a real and serious cause of 
jivergence in melting-point values; but the evidence already sub- 
uitted is considered amply vametdnt to induce the firm conviction 
hat, if we are to approach standardization in pharmacopceial melt- 
ng points, it is a prime essential that a definite rate of heating be 
ncluded in the United States Pharmacopceia melting-point require- 
nents. The disadvantage in such a requirement, involved by the 
ecessity for continual reference to a timepiece during part of 
nelting-point determination, is more apparent than real. In connec- 
ion with this work considerable experimentation was pursued with 
he purpose in view of establishing a method of heating which would 
liminate the timepiece and at the same time insure a reasonably 
dequate and consistent regulation of the rate; but no feasible method 
yas found.” A very little practice, however, quickly demonstrated the 
act that the adequate regulation of the rate by reference to a time- 
ece was easily practicable, and upon this basis further experimenta- 
lon proceeded for the purpose of establishing a rate which would 
ecomplish the desired end. A procedure was selected and many 
1elting points determined in accordance with it by two investi- 
ators. Subsequent comparison of the results, however, led one of the 
nvestigators to the conclusion that a slight modification in the regu- 

“Described and illustrated by Dr. J. Konig in his ‘* Chemie der Menschlichen 

Vahrungs- und Genussmittel,”’ Vol. IiI, 1st pt., p. 55, (ed. 1910). 

It is doubtless feasible, in this connection, to devise additional apparatus 

rhich when properly regulated would insure a definite rate of heating without 

onstant reference to a timepiece and with which the rate could be varied at 

ill. The work in this laboratory has shown, however, that such additional 

pparatus, although it would probably simplify procedure, is not essential to 

he proper application of the method recommended. Since such a device would 

1vOlve more or less special features, and therefore increased expense, its incor- 

oration in these recommendations would seem to be inconsistent with the 

undamental ideas of simplicity and economy which should characterize the 

ficial method. 
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lation of the heating would probably insure more perfect concor 
ance. The modifled procedure, which is here recommended f 
official adoption, is as follows: a. 

The bath is heated by direct intermittent application of a sma 

Bunsen flame to the bottom of the container, the temperature bd n 
at first raised at any desired rate consistent with reasonable cautio 
and safety in heating glass with an open flame. As the temperatur 
approaches a point 25° below where the substance begins to melt th 
rate is brought under control and from that point the rise in tempera 
ture is carefully regulated to a rate of 3° a minute. It requires ver 
little practice—using a thermometer of the construction suggested— 
to insure easy control of such a rate within 0.5°. The rate of 3° 
minute is maintained until the sample begins to melt—a_ point whiel 
is fixed in accordance with the definition of melting point previously 
suggested. Close observation of the sample to determine this poir 
may cause loss of control of the temperature for not more than one 
half minute. With reasonable care, however, no serious fluctuatio: 

will be involved and especial care should be observed to prevent sud 
den rise in temperature at this point. From the beginning of melting 
to the end the rate of rise in temperature is changed from the 3° ¢ 
minute to 0.5° a minute. Most of the pharmacopceial compound 
investigated, and which do not show decomposition at the melting 
point, melted, under this procedure, within a range of 1° or less. _ 

The specific effect upon melting-point values of variable practiee 
in the appheation of stirring during a melting-point determinatior 
has not been experimentally studied in the course of this investi 
gation. It has been shown, however, that without stirring the proces 
of heating the bath as described above will induce widely varying 
temperatures at different points in the bath, due, of course, to t 
fact that the lower portion of the bath is acquiring heat rapidly 
because of its close proximity to the source of heat, while heat is being 
distributed through the upper portions mainly by means of convee 
tion currents from the lower portions. The convection current 
themselves, which really constitute channels of heated substance 
induce different temperatures at different points in the upper por 
tions of the bath. The degree to which variation in temperatur 
at different points in the bath may be induced by heating withow 
stirring can easily be demonstrated. If a bath be heated for a fey 

minutes and the flame removed and then vigorous stirring be imme 
diately applied the temperature will rise sharply to the extent of 
10°, 15°, 20°, or more, according to the manner and amount of heating 

previously applied. 

It seems a reasonable assumption that under such conditions ¢ 
greater or less degree of divergence will result in melting-point deter 
minations, depending on whether the convection currents happen t 
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ike the thermometer bulb and the capillary containing the sample 
imultaneously or the one before the other. Whatever effect variable 
practice in this respect may have upon melting-point values, it can 
eadily be eliminated and at the same time a perfectly uniform tem- 

rature in all parts of the bath can be maintained if constant stir- 
‘ing is applied. Moreover the practice of constant stirring while 
veating is highly conducive to more perfect control in maintaining 
i definite rate of rise in temperature. 
It is therefore recommended that for official melting-point deter- 

ninations constant stirring of the bath throughout the experiment 
ye made a detail of the United States Pharmacopceia melting-point 
equirements. To those not accustomed to apply this detail of pro- 
edure the requirement will doubtless be more or less annoying, 
yecause of the initial difficulty involved in coordinating the different 
novements with each hand. A little persistence, however, quickly 
wercomes this difficulty and the manipulation becomes practically 
utomatic. This fact makes it easier to apply the stirring constantly 
han intermittently. In any case, however, constant stirring is neces- 

ary in order to properly control and distribute the temperature of 
he bath. 

The “ personal factor,” in so far as the phrase implies psycholog- 
cal variations inherent to different individuals, is doubtless a ma- 
erial and legitimate cause of divergence, to some slight and varying 
legree, in any equally conscientious comparative work. In applica- 
ion to the melting-point problem, however, it would appear to be 
qually doubtless that the ready adaptation of the phrase to the 
ervice of a shield or screen hiding careless, indiflerent, and hurried 
manipulation, is likely to lead to its abuse. The material significance 
f the “ personal factor,” as a cause of divergence in melting-point 
vork, is probably proportionate to the number of details of pro- 
edure left to the choice of the individual. Therefore, if all the 
mportant details of procedure are clearly defined and rigidly pre- 
eribed it would seem to be a reasonable assumption that the amount 
f divergence then honestly due to such a cause would not exceed 
he limits of a reasonably rigid standard, and so for practical pur- 
yoses it may be disregarded. 
VI. Variation in physical condition and in preliminary treatment 

fF the compound.—Treatment of this subject, as a cause of diver- 
rence, involves three main considerations: 1. Variation in the size 
f the individual particles of the compound. 2. Variation in the 
mount of adherent moisture contained in the sample. 3. Variation 

@The detail of stirring may be made independent of the operator by mechan- 

eal device. Such a device, however—as with any for regulating the rate of 

leating—is more a matter of convenience than of necessity, and is therefore a 

omplication which should not be required as a part of the official method. 
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in the amount and kind of impurity present. Under this heading 
also, may be included, 4, variation in amount of sample used fo 
the test, which, being in some measure dependent upon the size of th 
capillary tube, logically involves consideration of that detail o 
apparatus. 

1. Evidence that difference in fineness of division of a compounc 
may cause wide variation in melting-point values as ordinarily 
determined is abundant and conclusive. A striking instance has 
already been noted where, in the case of phthalic acid, the melting 
point of the finely powdered substance (203°) and that of large 
crystals (213°), as determined by Ador (°), varied by the wide 
margin of 10°. The results obtained by Pawloff (°?), however, in a 
specific investigation covering this phase of the melting-point prob 
lem, have a broader application and therefore offer more convincing 
evidence of the fact. This author demonstrated experimentally with 
different compounds that the melting point varies with the size of the 
individual particles of the compound, being higher for the coarse1 
grains than for the finer. In some cases he found that a powder, 
in which the individual particles did not exceed a diameter of 2 
melted 4° to 7° lower than a sample of the same compound composed 
of particles 0.5 to 2 mm. in diameter. For the common pharma 
ceutical compounds, salol, antipyrine, and phenacetine, such varia 
tion in the size of particles caused a variation in melting point of 
7°, 5°-7°, and 4°, respectively. , 

Evidence in corroboration of that cited above was obtained early 
in this investigation. Before giving special consideration to fine 
ness of division as a cause of divergence it was observed in a large 
number of melting-point determinations that the portion of material 
adhering to the inner walls of the capillary tube above the main part 
of the sample appeared to melt at a lower temperature than the mass 
of material in the bottom of the tube. This observation was at first 
explained upon the assumption that the difference in quantity of 
material would, under the conditions of the experiment, cause 
difference in the melting point. The results in a special series of 
experiments, however, involving many determinations, indicated that, 
within comparatively narrow limits, a difference in the amount 0 
sample used made no material difference in the observation of the 
melting point and, in view of the results obtained by Ador and by 
Pawloff and others, led to the final conclusion that the differen 
in melting point noted above was due to a difference in fineness 0: 
the particles, the finer particles clinging to the walls and the larger 
particles falling to the bottom or out of the tube (the latter in thos 
cases where for experimental purposes the tube was charged, then 
emptied, and the melting-point determination made upon the portion 
clinging to the walls.) 
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Considering the wide difference in size of the particles of the same 

pharmaceutical product, as found in the open market under different 
labels, the above discussion makes it clear that, for adequate stand- 
ardization of pharmacopceial melting points some degree of uni- 
formity of fineness in the samples to be tested should be officially 
required. 

It is therefore recommended that the official United States Pharma- 
copeia melting-point requirements provide that all substances be so 
finely powdered that the particles can be passed through a 100-mesh 
sieve before being subjected to the melting-point test. 

2. In their investigation of different methods for melting-point 
determinations Tyrer and Levy (?°), as previously noted, also studied 
the effect upon the melting point due to the presence of varying 
amounts of moisture, to the extent that they made comparative deter- 
minations upon the commercial product. and the same dried. In this 
connection their results upon acetanilide, antipyrine, and phenace- 
tine show a variation in melting point between the two forms of 
about 1° C.; that is, the difference in moisture content between a 
compound that has been dried and the commercial form of that com- 
pound may be sufficient to cause a material difference in the melting 
point of the two, and therefore variable practice in the matter of 
drying constitutes a real cause of divergence in melting-point values. 
Moreover, considering possible varying conditions in their manufac- 
ture and also varying atmospheric conditions, it is not reasonable 
to presume that commercial products will always contain the same 
degree of moisture. For the purpose of standardization, therefore, 
it becomes necessary to prescribe a manner and period of desiccation 
which will insure a reasonable degree of uniformity in the condi- 
tion of dryness of the sample for all official tests. As previously 
indicated, the more progressive of the foreign pharmacopceias, at 
least in the matter of melting-point standardization, require that 
the substance be finely powdered and dried in a desiccator over pure 
concentrated sulphuric acid for twenty-four hours as a preliminary 
to the melting-point test. 

It may be contended that if the moisture content of the commercial 
product is admittedly variable it would logically require different 
periods of desiccation to insure a uniform degree of dryness which 
would make standardization in this respect impracticable. True; 
but during this investigation the results obtained indicate that a 24- 
hour period of proper desiccation is amply sufficient, for practical 
purposes, to cover any reasonable variation in the moisture content 
of a commercial product of pharmacopeeial standard. The period 
suggested would certainly be sufficient if the committee of revision 
would adopt as official some reasonable limit of moisture content for 
the different classes of pharmacopeial products. During investiga- 

“a> 

a 
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tion of this detail of procedure the drying period for many different 

commercial samples was allowed to exceed the 24-hour limit in vary- 

ing degree, but without significant effect upon the melting point. In 
some cases the samples were dried for two months, but even in those 
eases the effect, on the melting posits of the period in excess of the 

twenty-four hours was less than 0.5 
It is therefore recommended that che United States Pharmacopecia 

melting-point requirements provide further that all substances be 

dried in a desiccator over concentrated sulphuric acid for a period of 

twenty-four hours as a preliminary to the official test. | 

3. It is, of course, well known that the melting point of a pure 
substance is lowered by the presence of impurity, and that, generally 
speaking, the amount of lowering is proportional to the amount of 
impurity present. The value and efficiency of the melting-poin 
determination, by a practical method, as a means of measuring quan- 
titatively, or of detecting moderate variations in the amount of im- 
purity present, however, seems not to have been definitely established. 
But the percentage of impurity is not the only factor that enters into 
this phase of the melting-point problem; the znd of impurity may 
also be significant. Considering a molten mixture as a solution, the 
principal compound representing the solvent and the impurity the 
solute, it is apparent that the lowering of the melting point (freezing 
point) of the solvent (principal compound) will be subject to the 

same laws that apply to ordinary solutions; that is, the amount of 

lowering of the melting point will depend not only upon the per- 
centage but also upon the molecular weight of the dissolved sub- 

stance (impurity). 
Ostwald (**), however, by many series of melting- -point determina- 

tions on appropriate binary mixtures of different organic acids has 
shown that within certain percentage limits a difference in the 

molecular weight of the impurity will cause practically no difference 

in the lowering of the melting-point, even in mixtures containing 15 
to 20 per cent or more of the different impurities. For example, 
consider the pure substances I, IT, and ITI, each having a different 
molecular weight. If two mixtures of these substances be made con 
sisting, respectively, of 80 per cent I with 20 per cent II and 80 per 
cent I with 20 per cent III, the lowering of the melting point of I 
in each case will be practically the same. So also with similar mix 
tures of II with I, II with III, ete. In Ostwald’s experiments the 
effect of variation in molecular weight was negligible in some cases, 
even when the mixtures contained 40 per cent of impurity. Other 
investigators have been active in this large field of research, but their 
results are not so easily applied to this discussion as those by Ostwald. — 
No specific investigation along this line has been pursued in this — 
laboratory, but there seems to be no good reason to question the gen- 
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al application of Ostwald’s results. Therefore, considering that 

he purity of synthetic organic drugs of pharmacopoial standard 
or should be well within the limits above quoted, it would appear 

obvious that variation in kind of impurity as a factor in the 
ae standardization of pharmacopceial melting points may for 
the present be entirely ignored. 
_ The efficiency of the melting-point determination as a quantitative 
method of analysis for binary mixtures of organic compounds has 
been tested by various investigators. As previously indicated (see 
p- 18), Tingle and Roelker (*) attempted to so utilize the test in deter- 
mining the percentage composition of binary mixtures of the three 
isomeric nitranilines. In this work variations of 2 per cent in the 
composition of the mixtures within the limits of 90 to 98 per cent 
of either constituent affected the melting point, as determined by 
these authors, to the extent of from about 0.5° to 2°. From the 

results of their work the authors conclude that the composition of 
such mixtures may be determined within 2 per cent by the melting- 
point test. Such a conclusion, applied to pharmacopceial compounds, 
would indicate that the melting-point test alone may be relied upon 
to standardize the compound within 2 per cent of the purity rubric— 

a striking commentary upon the value and efficiency of the test. 
The contention of White (*) that the addition of impurity has a much 
greater effect in extending the melting interval than in lowering the 
melting point suggests that if in the above work the meiting interval 
had been measured instead of a rather indefinite point the efficiency 
of the method for determining the percentage composition of the 
mixtures might have been proportionately increased. Similar but 
less complete work by Holleman and Sluiter(**) yielded results which 
indicate practically the same degree of efficiency for the melting- 
point test that is shown in the Tingle-Roelker results. . 
When acetanilid is mixed with phenacetin much difficulty has 

been found in detecting and quantitatively determining the former 
by analytical methods. For this reason the melting points of mix- 
tures, in all proportions, of these two substances have been made an 
object of study by various investigators.to determine the efficiency 
of this test for the purpose of detecting the acetanilid. Special in- 
vestigations of such mixtures have been made by Schweitzer (°°), by 
Kebler (°°), and by Beringer (°"). The results obtained are tabulated 
by the different investigators as here reproduced. 
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Tape I1I.—Melting points of mixtures of phenacetin and acetanilid (Schweit: er 

FT ee ee Re ne TY See af 8 
| | Mixture consisting of— 

. Begins to Completely — | No. | nelt at— | aaeparen: 

Kemet Acetanilid. ao <= 

| cog 
Per cent. Per cent. | °C; a 

1 99 1 92 134 : 
2 95 5 92 133 j 
3 85 15 92 128 ag 

rid 663 33} 92 126 
Ra 60 40 92 125 
0 50 50 92. 122 

7 40 60 92 118 
8 33} 663 92 114 
9 15 85 92 110 

10 95 92 106 
ll 100 0 183 134.5 
12 | 0 100 112 114 

TABLE IV.—JJelting points of mixtures of phenacetin and acetanilid (Keble ‘ 
drug laboratory). : 

Percentages in mixtures Melting point 
of— 

si | a Completel ; . ompletely 
Phenacetin.| Acetanilid. i eae apes 

Fo SI iebeb 224 

Per cent. Per cent. oC, Og. 
i 90 10 96 aber 
2 io 25 92 121 
3 50 50 90 92 
4 25 75 90 99 
5 10 90 95 110 
6 100 133.5 134.38 
7 0 100 112 113.8 

TABLE V.—WMelting points of mixtures of acetanilid and phenacetin (Beringer) 

Acetanilid.| Shrinks. | Softens. Melts, Complete | fusion. 

NP FNS, Eee A eA, Mn aie e 

Per cent. oC. gh °C; 9¢. 
1 126 128 131-132 134 
2 115 125 130-131 132 
3 110 124 128-129 131 
4 105 120 125-126 130 
5 100 108 112-114 124 

10 100 105 110-112 120 
15 95 105 110-112 120 

* 20 92 100 105-106 118 
25 90 94 95-96 115 
30 90 92 94-95 115 
35 85 90 92-94 108 
40 84 90 91-93 105 
45 82 90 92-93 100 
50 80 86 90-92 96 
5 77 86 90-92 95 
60 82 88 90-92 94 
65 82 87 90-92 94 
70 87 90 91-92 95 
75 88 90 92-93 96 
80 88 90 91-92 99 
85 90 92 95-96 105 
90 92 95 100-101 108 
95 96 102 | 107-108 | 11 
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As is indicated by the values in the column under “ Begins to melt 
at—” in the Schweitzer table, he made the remarkable observation 
‘that all mixtures of phenacetin and acetanilid begin to melt at the 
‘same point. He therefore concludes that the detection of acetanilid 
‘in phenacetin needs no further examination than a determination of 
the melting point. The other investigators seem not to have consist- 
ently found such an ideal condition, except perhaps for a limited 
range of mixtures approximating the eutectic. It is difficult to con- 

ceive that perfectly uniform mixtures of equally pure compounds in 
the same proportions would show as widely divergent behavior on 

melting as is indicated by comparison of some of the results given 
in the different tables. Without an exact knowledge, however, of 
the method and detailed procedure applied by each of the different 
investigators comparative study of such data is of little value, except 
perhaps to still further illustrate the confusion that now prevails in 
melting-point work and to indicate the urgent need of investigation 
and standardization. 

To the extent that Beringer’s table gives the more complete data, 
including records of observation of all possible changes and a more 
consistent variation in the results for different mixtures, his investi- 

gation might be considered to represent the more exhaustive and the 
more careful work, and therefore to yield the more reliable results. 
Upon such an assumption his results indicate a high degree of effi- 
ciency for the melting-point test as a means of detecting variations in 
the impurity content. 
— It will be noted in Beringer’s table that for each variation of 7 per 
cent in the composition of the first four mixtures the meiting point of 
phenacetin (final column) is lowered by the comparatively wide mar- 
gin of from 7° to 2°. These results also offer some measure of cor- 
roboration of the claim that the low end of the melting interval is 
extended by impurity more than the upper limit is lowered—one or 
more of the results recorded for the first three points of observation 
being more affected by the 1 per cent variation in composition than 
the final value. In further exhaustive investigation of many market 
samples of phenacetin Beringer (loc. cit.) found, in some cases, that 
the presence of about 3 or 4 per cent of acetanilid lowered the melting 
point of phenacetin about 3° or 4°, thereby corroborating some of 
the results obtained in his special investigation of the melting points 
of known mixtures. 

_ The evidence obtained from Beringer’s results, and also from those 
by Tingle and Roelker(*), Holleman and Sluiter(*), White(*), Ost- 
wald(°®), Landolt (*°), Tyrer and Levy(**), and many others, even 
if not entirely convincing, certainly encourages the conclusion that 
the melting-point test properly applied is quite adequate to the detec- 
tion, within moderately exact limits, of varying amounts of impurity, 
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and if methods and procedure are sufficiently refined is therefore wel. 
adapted to the exact standardization of such pharmacopeeial com 
pounds as admit of its application. | 

4. The special series of experiments referred to on page 72, 
connection with fineness of division, also included considenaall of 
(a) the practice of remelting in determinations of the melting point; 
(6) the effect upon the melting point of variation, within narrow 
limits, in the amount of sample used; and (c¢) the effect of variatior 
in the size of the capillary tubes. The results of many determina. 
tions upon salicylic acid led to the conclusion that the practice of 
remelting would, for pharmacopoeial purposes, involve complication 
without compensating advantage, and is therefore opposed. Other 
investigators have opposed the practice on the’ ground that it causes 
high results. In these experiments, however, the results, as compared 

with direct determinations, were low, due possibly to our failure to 
allow sufficient time for complete cooling and solidification after the 
first melting. 

As prev iously indicated, the degree of variation in the amount of 
sample used in different experiments was considered to induce no 
material variation in the observation of the melting. It was sub 
sequently learned, however, that the limits of charge applied in these 
experiments were not nearly as widely divergent as may commonly 
prevail in the application of capillary-tube methods. The conclu 
sion derived is therefore not entirely convincing. In this connection, 
however, as in all others, the keynote of standardization is uniform- 
ity of practice, and therefore the amount of sample to be used in de 
terminations of official melting points should be at least approxi 
mately prescribed. 
What constitutes an adequate and convenient charge of sample for 

a melting-point determination by a capillary-tube method depends in 
-some measure upon the size of the capillary tube. In the experiments 
under discussion the tubes used varied in diameter from about 0.8 
mm. to about 1.5 mm., which were then considered to include the 
limits of a reasonable interpretation of the term “ capillary tube ” as” 
applied to melting-point work. It is now recognized that, in ordinary 
practice, at least the higher of these limits may be considerably ex: 
tended. In our experiments there was no variation either in te 
perature interval or time interval over which the sample melted im 
tubes of different size, other details of procedure being the same. 
These observations agree practically with those of Landolt,(?°) wha) 
used tubes of the following diameters: 0.6 mm., 0.8 mm., 1 mm., 15 
mm.,and 3mm. The results of some of the experiments referred te 
above are given in the following table. The first evidence of chang 
in the sample is recorded in the table as “ first sign.” The “ begi 
ning of melting” at the time these experiments were made was no 
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carefully defined as is recommended in this bulletin (see p. 21), and 
other details of procedure varied somewhat from those finally recom- 
mended. For the purpose intended, however, these details were not 
significant. The practice of determining the melting point by obser- 
yation of the particles clinging to the walls of the capillary was dis- 
earded in favor of the ordinary method, because the former was con- 

sidered more difficult to define. In all cases the rate of heating was 
the same. 

Taste VI.—Uncorrected melting points of salicylic acid as determined by dif- 
ferent procedures with a capillary-tube method. 

1% 

Procedure. No. | First sign. | her apni: C yam Aope 

| 

1 148 | 154 156 
mowaer adhering to capillary walls .........--..-..----.-. | : “ed aa ae 

4 148 | 154 156 
5 154 154 155.5 

The same when remeited after crystallization -.......--. : a oe 

' 8 154 154 @ 155.5 
| 9 148 154 | 157 

I BIN ee 10 148 154 | 157 
11 148 154 | 157 

ERITUMOTOMGAMIPIC. |... a2. 5c ect ce ee eee eee eee | 12 148 | 154 pe 
1 148 154 | 15 Reeetnree OF cample: 2-2-2... 7 148 155 | 187 

«Jn this instance, as in others, one person observed changes in the sample, while an- 
other regulated the heating and recorded the temperature corresponding to the different 
points of observation. 

According to Tyrer and Levy(2°) a very important detail in the 
construction of the capillary tube is that the walls of the tube should 
be as nearly as possible the same thickness as the walls of the bulb 
of the thermometer used. It is probable that variation in the thick- 
ness of the walls of the tube constitutes the greatest danger of diver- 
gence in melting-point values in so far as the capillary tube may be 
considered the cause. Whatever may be the effect, however, of vari- 
ation in the amount of sample for a capillary-tube charge, or of 
variation in the dimensions of the capillary tube, in producing the 
prevailing divergence in melting-point values, it can doubtless be 
practically eliminated by officially prescribing reasonable limits for 
the dimensions of the capillary tube and for the amount of sample 
to be used in official melting-point determinations. 

As before stated, it seems desirable—as tending toward an inter- 
national standard—to conform to the requirements of foreign phar- 
macopoelas when such a policy does not retard progressive develop- 
ment. Certain of the foreign pharmacopceias (see p. 53) require 
the use for official melting-point determinations of a capillary tube 
having a diameter of 1 mm. and a charge of sample sufficient to form 
acolumn 3 mm. high in the bottom of the tube. In view of the prac- 
tically negligible effect produced upon the melting point by slight 

a“ 
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variations in the size of the capillary-tube, and the consequent varia 
tion in the charge of sample, such exact requirements seem unneces 
sary, if not unreasonable and impractical. It is much more reason 
able and practical and accomplishes the purpose of pharmacopeeia 
standardization probably quite as well to require the use of a capi 
lary tube closely approximating 1 mm. in diameter at the sealed ené 
(not less than 0.8 mm. nor more than 1.25 mm. internal diameter fot 
a distance of at least 5mm.). Likewise the charge of sample required 
should be sufficient to form a column approximately 3 mm. high (not 
less than 2.5 mm. nor more than 3.5 mm.) in the bottom of the tube. 
The difference between the two requirements considered on an abso: 
lute basis is very slight, but when applied in practice would be found 
to be very considerable. 

Of two capillary tubes having the same internal diameter the rela 
tive thickness of their walls will doubtless depend jointly upon the 
kind of glass from which they were made and upon the manipulation” 
applied in making them. The preparation and charging of a melting- 
point tube is described by Mulliken(**) as follows: 

They are most readily made from rather soft glass tubes having an internal 

diameter not less than 1 cm., not, as is often done, from small-bore tubing 

A piece of such tubing, of convenient length, is supported at both ends and 

rotated in a blast-lamp flame until a ring 2 em. long has been heated to dul 

redness. Then, upon separating the hands rather slowly, until both arms a 

outstretched at full length horizontally from the shoulders, a capillary of the 

desired diameter and nearly 2 meters in length may be drawn out in a single 

operation. 

To charge the melting-point capillary force its open end downward into 

small mound of the finely powdered substance. Then, holding upward the ope 

end, which will now be closed by a short plug of the compacted powder 

draw the flat side of a file horizontally across the tube a little below the sub 

stance. The powder, loosened by the vibrations set up in the glass, will quick]; 

slide down into the desired position. 

For this investigation, involving the use of a large number ¢ 
capillary tubes, a similar but somewhat larger tube (about 20 mm 
internal diameter, with walls about 2 mm. thick) was softened in 
a blast-lamp flame over an area a little larger than that sueeaee } 
by Mulliken and quickly drawn out by two men to the extent o 
12 to 15 feet. When the operation is properly performed very littl 
of the resulting capillary will vary from the desired dimensions 
either in internal or external diameter. The capillary tube thus pre 
pared was cut or broken into appropriate lengths, approximatel 
double the length required for a single test, and the two ends care 

fully sealed to prevent accumulation of dust and consequent con 
tamination of the sample when introduced. In sealing a capillary 
tube the mistake is often made of fusing too much of the glas 
thereby thickening the walls, reducing the diameter of the tube, a 
causing the formation of a glass bead at the sealed end. In sealinj 
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the tube only the edges should touch the flame, and it should be 
heated only enough to close the end. When required for use the 
double-length tube is broken at the center and serves for two deter- 
minations. Of a great many tubes prepared as described compara- 
tively very few of them exceeded the dimensions recommended 
above. Figure 22 represents one of the tubes in exact dimensions as 
closely as it could be drawn. It is very nearly 1 mm. in diameter. 
The shaded portion represents a charge of sample forming a column 
very close to 3 mm. high when packed down as closely as light tap- 
ping of the tube on a solid surface will induce. 
A summary of the recommendations for the revision of the melt- 

ing-point requirements of the United States Pharmacopeia, which 
have been submitted in this bulletin, consists of the following: 

1. The so-called “ melting point ” should be carefully defined. In- 
stead of a single value the definition should specify a melting interval 
representing 
a range of tem- 
perature within Fig. 22.—Size of capillary tube and amount of charge of 

sample recommended. 

BEA AEE ED ET 

which a substance, 
in order to be considered of pharmacopceial standard, must melt com- 
pletely, the beginning and end of melting being also clearly defined 
(see pp. 17-21). 

2. The decomposition point should be clearly differentiated from 
the melting point and its determination should not be required as an 
official test, or at least not as a test of purity, until its value for such 
a purpose has been more definitely determined. As a means of dis- 
tinguishing between compounds of similar appearance but which 
decompose at different temperatures the decomposition-point determi- 
nation is of value (see pp. 21-29). 

3. For all official melting-point determinations the requirements 
should prescribe the application of a perfectly uniform method (or 
methods). The official method should involve apparatus which is as 
simple in units and in construction, as readily available, and as 
economical as is consistent with reasonable efficiency. In this con- 
nection recommendations with regard to the melting-point bath for 
the class of compounds investigated are also included (see pp. 29-61). 

4. If feasible the use of official centigrade thermometers should be 
required for official melting-point tests. Such a requirement should 
provide for uniformity of construction, including quality and thick- 
ness of glass, length of thermometer, range of registration, size of 
bulb, ete., and standardization. Correction of observed readings, 
because of emergent stem of the thermometer, should be required in 
accordance with a prescribed formula. If the requirement of an 
official thermometer is adopted an official table or curve of such cor- 
rections should be prepared and published in the pharmacopeia—if 

56669 °—10——6 
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not, then the correction should be required of the individual manip 
lator (see pp. 61-68). q 

5. Details of manipulation as applied to the official apparat 
should be clearly described and uniformity of practice therein rigid 
required. Constant stirring of the melting-point bath during an offiei 
test, and a uniform rate of heating of 3° per minute, from 25° belo 
the melting point to the beginning of melting, and of 0.5° per minut 
during the melting interval, is recommended (see pp. 68-71). 

6. For the class of compounds considered in this bulletin tk 
requirements should provide that, as a preliminary to the official te: 
the compound must be so finely powdered as to pass through a 106 

mesh sieve; and that the powdered substance must be dried for twenty 
four hours in a desiccator over concentrated sulphuric acid. A samp! 

of the powdered and dried substance for an official test should k 
sufficient to form a solid column (tapped down) 3 mm. high im th 
bottom of a thin-walled capillary tube, the internal diameter o 
which is not less than 0.8 mm. nor more than 1.25 mm. (see pp. 71-79) 

Adaptability to different classes of compounds of the method 
recommended: It is probably true that no single method for melting 
point determinations can be readily adapted with equal efficiency t 
all classes of compounds. In approaching this investigation it wa 
assumed that the solid crystalline organic compounds comprise th 
iargest class in application to which the melting-point determinatic 
is of the greatest practical importance. Therefore, in the develop 
ment of the method and procedure recommended, attention was con 
centrated upon this class of compounds, and as yet experimental i 
vestigation has extended to no other. It 1s considered, however, ths 
the efficient application to other classes of compounds (such as fats 
waxes, etc.) of the method suggested involves only slight modifiea 
tion in details of procedure and not any material change of apparatus 
Furthermore, there would appear to be no serious difficulty in if 
adaptation as a modification of Landolt’s method in those cases whet 
it would seem feasible and desirable to determine the melting poi 
or freezing point of a compound by using a comparatively larg 
charge, with the thermometer dipping directly into the substan 
under investigation. These are details, however, which can be sati 

factorily determined only by further experimentation. 

| 
| 

STANDARDIZATION OF MELTING POINTS OF PHARMACOPCIAL COMPOUNE 

For this important part of the work involved in this investigatic 
it was considered extremely desirable that a market sample fre 

every manufacturer of each product should be obtained. To thé 
end we entered into correspondence with several manufacturing firn 
but their extreme conservatism in giving information on this pol 
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n disclosed the impracticability of the plan, and we were forced 
adopt the unsatisfactory alternative of considering that every 

ample | in the market bears the label of the firm that makes it. <Act- 
upon this alternative, we were able to conveniently obtain, in 
t cases, from 5 to 8 different samples of each of the compounds 

elected for immediate standardization, though in a few instances 
Wo or more samples bore the same label. As before stated. such 

election at first comprised a list of 37 of the more important organic ° 
jharmacopeeial compounds, of which list, however, 13 eomporinde 

‘ould not be immediately standardized for reasons already discussed 

see pp. 13-14). From 4 to 8 or more determinations of the melting 
oint were made upon each of the samples of the compounds finally 
elected for immediate standardization, the method and procedure 
ing in accordance with that recommended in this bulletin. The 
nelting points having been so determined, each of the samples were 
tandardized in duplicate, according to pharmacopceial tests.¢ | In 
il melting-point determinations the first observable evidence of 
hange was recorded as the “ first sign,” an approximate point only. 
‘These melting-point determinations, including some upon com- 
unds which decompose, are briefly summarized as follows, only 
he average uncorrected results of all determinations on an indi- 
idual sample being given in each case, the average of closely agree- 
ng results for different samples being corrected for the standard 
alue: 

Acetanilide (6 samples) : 

z on ee Beginning | Complete 
Sample, First sign. | of melting.| fusion. 

Degrees. Degrees. | Degrees. 
ee ee ee oe ee @100+ 110.9 112.5 

EE irc oe ace oats as ees ote ssclen elvewews etied ee ceces 112+ 113.0 113.5 
8. 25 ee ts nrc oe foe i Sai ela dee moe ie 5 110+ 112.3 113.0 
INR ae da fo th Sew ws oe ee wc cc ee esescancesees 109+ 111.8 112.8 
ee ena ciclo Sem diana vows hoses cgeen es See eer 106+ 110.6 112.5 
ees SMe Rc Wego econo es wees, oni Seine 110+ 112.1 113.0 

“The sign + indicates approximate values. 

The average of a and e corrected=104°=, 111.9°-113.7°. 

mie average of c, d, and f corrected==111°>+, 113.3°-114.1°. 
In all cases the corrected values represent, as in the tables, the first sign, 

eginning of melting, and complete fusion, respectively. 

Sample b was a purified sample. The final result in all cases was 
clear, colorless liquid. All samples conformed to other United 

tates Pharmacopceial tests. In spite of that fact, however, it will 

e observed that for one group of standard samples the average melt- 
1g point differs quite considerably from the average melting point 

A procedure which incidentally disclosed Pega other chemical defects in 

harmacopeial tests. 

te 

i 
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of another group, also standard, the melting point of the individu 
members of each group being practically the same. Such a conditic 
was found to prevail, as will be noted, for many of the compounc 
standardized, and is suggestive of several theories by way of explan 
tion, the most tenable of which probably is that the melting-pon 

determination is a more delicate test than others prescribed by th 
pharmacopeia. Whether or not the official values for the meltir 

point in such cases should include the limits of all values found f 
different samples, otherwise standard, is a question for the committe 

of revision to decide. . . 

Phenacetine and acetphenetidine (7 samples) : 

Beginning | Comple 
Sample. First sign. | of melting.| fusion 

; Degrees. Degrees. Degrees 
PUN OG IROL) ic gap See cen emis ewes sae aoe ao ectne mire nmees 128+ 132.0 133 
Di Hmpure ) creas cis leene eels eee on deme ee es aie reo © ome ras nie eiere isi 5 oy a 
ee 5S Saisie oA ke CD moa teed aS aie ma Sie ets inv ibstnelieleim iaiale ia, nub so/enaleea cle ere agate 4 Oe 

“Renae UES ST Vipin ie, Rees AR i Sats Velde tT Ca pe 8 1314 132.7 133.8 
RE Ae ES RE al R rye ag ny TA te aes Seto te 1314 132.5 133 
Ge RT ro PR She tT ne Se aee CA e ee Ps een eee 1314 132. 4 133 
Sy eg eee 9 ES eae Oe SET NY | 1324 132.7 1 

The average c, d, e, f, and g corrected=133°+, 134.2°-134.8°. 

The readings for sample a corrected=129° +, 1383.6°-34.6°. 

Sample a is considered separately, because, while the margin 
difference it shows as compared with the others is not very great, thé 
difference, as disclosed by many determinations, was perfectly ce 
sistent. In all cases except b there was little sign of change belo 
the melting point and the final result was a clear, colorless liqui 
Sample b contained acetanilide. The effect upon the melting poi 
was very striking, but the contamination was not so easily detect 
by other pharmacopcrial tests. All other samples conformed to oth 

pharmacopceial tests. 

Acid, benzoic (5 samples) : 

| Beginning | Com Sample. | First sign. of melting.| fusior 

Le x —- > S| — 

| Degrees. | Degrees. Degre 
A yey Ae eet SS ee Re Bele, Cr ee ee eiinensie Sf S5 Serna 105+ 120. 2 b 
MI Sg ae ooo pe sulci d ath nx 2S oes balan eas « Vike rows Oe een ee 105+ 120.5 3 
Ee vin died bide x mire See ceiee eS KES w iks'e Sk we SOMERS ai 105+ 120. 6 1 
a NF ar ae dis ieccin > maw Meats wane aia ele Me ae! a (we ew ime, oid prtielnMale.e eae 105+- 120.4 
Soy a eae np ee SOI Oe 3 Pr pe NRT IS TERR IOC (RS SE 105+ 120.0 

The average for all samples corrected=106° +, 121.3°-122.2°, 

All samples melted sharply to a clear colorless liquid, but si 
some measure of sublimation below the melting point. . 

Duplicate analyses of all samples showed them to contain 98 ] 

cent or more acid. 
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cid, camphoric (6 samples) : 

. : ; Beginning | Complete 
Sample. | First sign. of melting. geri ao 

| Degrees. Degrees. Degrees. 
Tr s a esaie,clale win.a's a /0\n 6 s\0 n’6in nm. cimin, Rene. cie v v(0 dn ceucivicvecce! 170-- 183. 8 185. 0 
| enna Po. Gk ee See 155 181.9 | 183.4 
as on assay ti nanw ceases snnsepeneessesicemass path ae.| 174+ 183. 5 | 184.5 
MN GS fix s aa a> beau nea sic cc mlnnssieed wens baninpaewenece cae 170+ 180. 5 | 182.5 
ia Goin ea a'vw ob ole one ceil we ose vc wcnicivs denssecnaasicse ces 165+ 181.0 182. 0 

181.3 182.8 6 SS ee 165+ | 

Reading for sample a corrected=172°=+, 186.4°-187.7°. 

Average of d, e, and f corrected=167° +, 183.5°-185.4°. 

The melting-point determinations on this compound were unsatis- 

actory. In all cases the change from “ first sign ” to “ beginning of 
velting ” was a gradually increasing one, which made it more difli- 
ulf to exactly determine the latter point. The final result was a 
lear colorless liquid. Samples b and ¢ were recovered from other 
ork and therefore can not justly be considered of pharmacopceial 
fandard. ‘The other samples were all tested from original pack- 
ges. Corrected readings for sample a are given separately, because 

1 many consistent determinations it showed a constant variation 
rom the other samples of considerable magnitude. The readings 
or samples d, e, and f, although not as concordant as desirable, are 
veraged in making the correction. Corrected values, including the 
xtreme limits of melting interval shown by all three samples (180.5°- 
83°), are 183.4°-186°. 

Duplicate analyses of all market samples showed them to contain 
3 per cent or more acid. 

Acid, salicylic (5 samples) : 

Beginning | Complete 
Sample. of melting.| fusion. First sign. 

Degrees. Degrees. Degrees. 
ENS ea aisle eho iar socials ic Suic s aco deuwsin see secsdas aces cone 140+ 156. 0 156.9 
enc aoe same wn eecesnseeesss ee sete OSA EAA 140+ 156.5 157.1 
ne \2 5 o-- Sa nnn'ccesas cecinscc cs teeccecesuccce- | 140+ 156. 4 157.0 
IEE te Selo 5 oc moni as swiss ca sac os0 da aeciae venice nie tiene 140+ 155.5 156.4 
EE erate ctor sic nie cc eicicie cic sieesiaccaoe ese nicceecepweeewcas 140+ 156.0 156. 8 

| 

"158. 9°, Average of a, b, c, and e corrected=142°=+, 158. 

Value of sample d corrected=142°>+, 157.5° 

With these samples of salicylic acid there was a gradual contrac- 
on of the capillary charge above the first sign, becoming pronounced 
ist below the beginning of melting. The final result in all cases 
‘as a practically clear and colorless liquid. 

Duplicate analyses of all samples showed them to be 98 per cent 
ure or better. 

é 
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Acid-tartaric (6 samples).—After much experimentation wit 
different samples of this compound the tentative conclusion w 
reached that it should be placed with the class of compounds whic 
decompose on melting. In the case of tartaric acid the effervescen 

at the melting point was not very vigorous with any sample; bi 
bubbles were held in the mass, giving the appearance of a mushy ¢ 

partly molten condition, which gradually cleared upon standing, eve 

though the bath was cooling, leaving a clear, colorless substane 

This behavior made the exact determination of the melting pou 

very difficult, although concordant results for the same sample by tl 
same individual were easily obtainable. It is in cases of this sor 

however, that the “ personal factor ” would constitute a very signif 

‘ant cause of divergence. The corrected values obtained for the mel 
ing interval with different market samples ranged from 165.7°-16% 
for the lowest to 167.9°-168.4°, the highest. 

The samples were not subjected to the other pharmacopeeial test 
Aconitine (6 samples: 3 white, crystalline; 3 amorphous, wit 

slight tinge of yellow).—Of these samples it is, of course, only tl 
crystalline form that is required by the United States Pharmacopee 

to conform to a melting-point standard. 
The behavior of this compound on melting has already, perhaps 

been sufficiently discussed (see pp. 22-24). It decomposes vigorousl 
at the melting point; and a wide range of values may be obtaine 
according to the manipulation applied. Heated at the rate of 
per minute from about 165° C., the corrected values obtained for tl 
three crystalline samples approximated 188.6°-189.6°. The pou 
required by the pharmacopoeia is 195° C. 

The samples were not subjected to other pharmacopeeial tested 
Ammonium benzoate (4 samples).—As in the case of aconitin 

the melting behavior of ammonium benzoate has already been mae 
the subject of considerable discussion (see pp. 25-29). Before th 
factor of decomposition, as a complication in melting phenomen: 
was fully appreciated, however, many determinations upon the fo; 
samples of this compound had been made in the attempt to establis 

adequate procedure for obtaining a standard value. Corrected 
sults obtained by the same manipulation applied to aconitine approx 
mated 192.3°-193.3° C. The value required by the pharmacopeeia 
193°-194° C. q 

| 
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Antipyrine (6 samples) : 

Sample. First sign. 

' Degrees. 
eae aia ps ain 6a p,win' 4's 55's 6 o's. a viewing o 9 dan 06 0's aiplnwasendse 108, 5+ 
EE als oi sitisi\s) ax <iujcis = \aa'S dn apie aidhie ss Woo eM eana selena 108. 5+ 
TG alain Qc bo owe wwii ai5 ane ae ee auelnneodueradsioncue 108. 5+ 

ENTERS diele lis 5 2's nia.o) a's)s oa sc cop soln o cls es ccc cr need cececcsccye 108, 5+ 
EE lage lk nmin = = WYeiaie == ee oe My eS eie ed oid age sien enecee 108. 5+ 
EE Ee eee ee ee ee 108. 5+ | 

The average of all samples corrected=109.5° +, 110.2°-110.8° C. 

All samples melted to a clear, colorless liquid. 

of melting. 

Degrees. 
109. 1 
109.0 
109.1 
109. 2 
109. 2 
109. 3 

All samples conformed to other pharmacopceial tests. 
dlpomorphine hydrochloride (6 samples).—This compound was 

nvestigated only sufficiently to show that it decomposes at the melting 
olnt. 

‘The samples were not subjected to other pharmacopceial tests. 

Beginning | Complete 
fusion. 

Degrees. 
109.7 
109.7 
109.7 
109.8 
109. 8 
109. 8 

Atropine (3 samples).—Only three samples of this compound 
earing different labels were conveniently obtainable. 

: : Beginning | Complete 
Sample. First sign. | o¢ melting.) fusion. 

—-—_—_—-- — | -—— a ~ i= 

Degrees. Degrees. Degrees. 
Re alate intel a (alore (2 ols «'c,a(s cere Sino sie eso cle'o Shain bo eeeceees ceeds. 112+ 113.8 114.8 
ee AI SS Sr Se oe le 1114 112.9 113.9 
a RS IEE EE aS a 112+ 113.9 114.8 

a a | a 

The average of a and c corrected=113°>, and 115°-116° C. 

Observed readings of b corrected=112°+, and 114.1°-115.1° C. 

All samples melted to a clear, colorless liquid and were considered 
tandard, though several of the other pharmacopceial tests were 
onsidered unsatisfactory. 

Betanaphthol (8 samples) : 

Sample. First sign. 
Beginning | Complete 
of melting. 

Degrees. 
118+ 
119+ 
119+ 
119+ 
119+ 
119+ 

115+ (119) 
115+(119) SO i ee i ee ee er 

i} 

Degrees. 
119.9 
119.9 
119.9 
119.8 
120.0 
119.9 
120.2 
120.0 

‘The average for all samples corrected=119° +, 121.2°-121.8° C. 

fusion. 

Degrees. 
120.4 
120.4 
120.4 
120. 4 
120. 4 
120.4 
120.9 
120.7 

All samples melted sharply to a clear liquid having a slight brown- 
sh tinge. 
ides of the capillary below the surface of the bath. 

A very shght red-brown sublimate also appears on the 
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All samples conform to United States Pharmacopeia standard 

according to other tests. | | 
Benzosulphinide (saccharin) (7 samples).—The melting behavior 

of this substance was found to be extremely unsatisfactory. Different 
samples showed the first sign of change about 180° to 190° C., the 
change gradually increasing to the “ beginning of melting” point 
which was therefore difficult to define, and for different samples was 
observed at about 208°, 212°, 213°, 215°, 217°, and 220° C., respec: 
tively. The point of “ complete fusion ” as observed was much more 
concordant, varying only from about 220° to 222° C. The melting 
interval for the different samples varied from 2° to 12°, though 
reasonably constant for each sample. Although remelting disclosed 
no definite evidence of prior decomposition, it was concluded that 
this compound should be made the object of special investigation to 
determine the cause of such peculiar behavior before attempting final — 
standardization of its melting point. The Pharmacopeia gives the 
melting point as 219° to 220° C., while the melting interval for the 
above samples, determined in accordance with the recommendations — 

made in this bulletin, varied from 220°-222° to 208°-220.5° C. (un- 
corrected readings; corrections were not determined at this tempera 

ture, but by extrapoiation would doubtless be in the neighborhood of 
4° and 5° for the thermometer used, which would make the corrected 

readings about 225°-227° to 212°-225°). 
Camphor (4 samples).—The resinous character of this substance 

was considered to exclude it from convenient investigation by 
method involving the use of a closed capillary tube. It was further 
assumed that it could be conveniently investigated by a method which 
could be applied to fats and waxes, and it was therefore tentatively 
placed in that class of compounds. 

Camphor-monobromide (5 samples) : 

Beginning Comple He F q Vientiane 
ample First sign. | of melting.| fusion. 

Degrees. Degrees. Degrees 
74 5.1 75. Sve COL Se ay ee eee Cee SR ME NTS Ct en 7 | 

Te ere se a Sees Cae ts tie a cde A diate ete Uateaiehs bite wen as ee eee 73+ 74.4 | 

ee nin wee Fo te Bn wh a he See a wile eife e aateCIC Yo sat Sib lacete 6 Ste Te ma 73+ 74.4 75, 
(1 OA eS ee ae ie Sn aes! ke RS ie 73+ 74.4 vf 
1 I eR a eee ep a EP I eRe C8. hey al 74+ 75.0 7. 

The readings for b, c, and d, corrected=73.5° +, and 74.8°-75.6°. 

The readings for a and e, corrected=74.5° +, and 75.5°-76.2°. 

Sample a was a recrystallized sample, but sample e was a marke 
sample. All samples melted sharply to a colorless quid and con 
formed to other pharmacopceial tests. | 

Chloral-formamide (chloralamide) (1 sample).—Apparently thi 
compound can be obtained in the open market only under the sam 
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label ; therefore only one sample was investigated. It shows the 

first sign of change about 100° C.—more sharply at 108°—and 
melts at 115.2° to 116°. 

Corrected readings = 101°+, and 116.4°-117.2°. 
_ The first evidence of change gradually increased to beginning of 
melting, becoming very definite at 108°, and at the point of complete 
fusion the charge is a clear, colorless liquid. There is slight evidence 
of decomposition, which becomes very definite on heating the molten 
mass to about 175°. 

The sample conformed to other pharmacopceial tests. 

Cocaine (6 samples) : 

Beginning | Complete 
Sample. First sign. | o¢ melting.| fusion. 

| 

Degrees. Degrees. Degrees. 
93+ 95.0 95.7 

IN ete oe Soo oc cok cece caccce csc cesses weed coseeoce 944- 95.9 96.6 
ee os a ec ie. vb cie Sete nisnansaaees ccc canccwsces 944 95.5 96.1 
eles ea sa occa ota c accede dacisnntieaenecesessne 93+ 95.1 95.7 
a Se ee ee ee 95+ 96.0 96.8 
Eo Se ee 93+ 96.5 | 99.0 

Average readings for a, c, and d, corrected=94°+, and 96.2°-96.8° C. 

Average readings for b and e, corrected=95° -. and 97°-97.7° C. 

Readings for sample f, corrected=94°=+, and 97.5°-100° C. 

The final result in all cases was a clear, colorless liquid. 
Three sets of consistent results were obtained. ‘The average of the 

determinations for each of the samples a, c, and d do not agree quite 
as closely as those for each of b and e, but are nevertheless considered 
to be reasonably concordant, and are therefore averaged for determin- 
ing corrected values which may apply to all three samples. The 
extremes of the two corrected averages (a, c, d, and b, e) might pos- 
sibly be included in a single range without doing violence to a reason- 
able standard for pharmacopceial compounds. The divergence be- 
tween the values obtained for sample f and those obtained for all 
other samples, however, would seem to be too great to pass sample 
f unchallenged as a standard product. The fact that all samples 
conform to other pharmacopceial tests, as nearly as could be deter- 
mined, is by no means conclusive. The pharmacopceial tests for 
cocaine are considered to be extremely unsatisfactory, because of 
very inadequate directions for converting the cocaine into cocaine- 
hydrochloride. The pharmacopceial requirements in this connection 
should certainly be given careful consideration in the next revision. 

Cocaine-hydrochloride (8 samples).—This compound was found to 
decompose at the melting point, and therefore was not standardized. 
Some of the results obtained with these samples, however, are of 
interest in further elucidation of the subject of decomposition point. 
Different samples were casually investigated while testing high-tem- 

luke 
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perature baths. In each experiment the rate of heating was not defi- 
nitely regulated, but was applied as is ordinarily done in the average 
melting- point determination. In three experiments with sample bh 
the “ first sign ” was observed, respectively, at 195°, 186°, and 190° C., 
the corresponding decomposition points being 197°--198°, 187°-198°, 

and 195°-196° C. <A fourth experiment was accidentally inter- 
rupted for a few minutes when the temperature was at 180°, the bath 
being allowed to cool during the interruption. On renewing the 
heating the first sign was observed at about 170°, and decomposition 
was complete at 179° C. In another experiment a sample which de-_ 
composed at about 198°-199° was mixed with a considerable but 
indefinite proportion (probably 25 per cent) of cocaine (melting point 
about 96°), and a capillary charge of the mixture was introduced 
into a bath which was at a temperature of about 90° C. Sharp con- 
traction of the sample occurred immediately, but on fairly rapid 
heating no further change was observed until decomposition occurred 
at about 208° C., a result which in some measure corroborates the 
work with ammonium-benzoate-benzoic-acid mixtures. 

The United States Pharmacopceia states that cocaine- hydrochloride | 
“melts at about 189.9° C.,” and adds that “ minute quantities of im- 
purities may reduce the melting point to 180° C.” | 
Hexamethylenamine (6 samples).—This compound decomposes be- 

low the melting point and was therefore not standardized. The first 
sign of change occurred at about 165° C. Ammonia is gradually and — 
continually given off up to over 260° C. (limit of range of the ther- 
mometer used) without complete fusion of the sample. 

The United States Pharmacopeeia states that it sublimes, with par- 
tial decomposition and without melting, at 268° C. 

Homatropine-hydrobromide (5 samples) : 

; , : A Beginning | Complete 
Sample. First sign. of melting. fusion 

Degrees. Degrees. Degrees. 
te OI a at oak ox aw ows o a MESES we da ahs e a a een RU ere 200+ | (205) 206.5 209. 0 
Decent deidecle eae ade Peed BER adiee a 2s Gece ea ee ee 2038+ | (206) 208.0 210.5 
ats DAS Sa 5 oe ater ah e Pain See ee enh tele tele ea 203 +) (205) 206.5 209.5 
Cee aie tee Sie vet ce sts Sah teats Bibel Neelaiela aia Bava as ee Te ee eee 203 +) (205) 207.0 210.0 
eR EE eT cee oe Saehe e e Se Fatt Gane Sie WE aed eR co ae oe ok nee eee 202 +) (205) 206.5 208.7 

Average readings for a, c, and e, corrected, =206° +, and (209) 210.4°—213.1° C. 

Average readings for b and d, corrected, =207° +, (210) 211.4°—214.5° C. 

The behavior on melting of these five samples of this compound 
was very unsatisfactory. The change above the first sign is gradual, 
and renders the beginning of melting difficult to define, hence the 

additional values at that point. The samples all melted to a red- 
brown liquid with slight decomposition, the latter being confirmed 
by remelting, though vigorous and sharply defined decomposition 
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‘does not occur util above 250° C. Because of the decomposition at 
‘the melting point this compound should probably be further investi- 
7 ated before a standard melting point is officially adopted. Many 
uniform determinations on different samples, however, seemed to 
justify their consideration at this point. 
~All samples conformed to other pharmacopceial tests, except that 
repeated attempts to obtain the free base, according to the directions 
by the Pharmacopceia, resulted in absolute failure in all cases, another 
detail of pharmacopeeial tests that should receive attention. 

Hydrastine (5 samples).—Hydrastine requires further investiga- 
tion because of striking contrast in the behavior of different samples 
of pharmacopceial standard. By other than the melting-point test 
all five samples investigated were found to be of pharmacopceial 
standard. The Pharmacopeeia states that “ hydrastine melts at 
131° C.” Only one of the five samples melted completely (i. e., to a 
perfectly clear liquid) at about that temperature. There was slight 
change in color at the “first sign” and slight effervescence at the 
melting point. On allowing the molten mass to cool and completely 
solidify and then remelting, the melting point observed was about 
142° C. This result suggested simply that the compound decomposes 
at the melting point, forming a product which melts at the higher 
temperature. But two other commercial samples showed only sharp 
contraction at about 130°, and practically no further change until 
melting occurred at about 142°. The remaining two samples melted at 
about 131° to a turbid liquid, which did not become clear until the 
higher temperature was reached. If such divergent and peculiar be- 
havior of different samples of the same drug is consistent with a 
“ pharmacopeelal standard ” and is in the interest of the public health, 
it would appear that the application to such compounds of the melt- 
ing-point test, as a means of standardization, is quite useless. 

ITydrastine-hydrochloride (6 samples).—Different market samples 
‘of this compound were found to decompose at temperatures varying, 
presumably with varying rate of heating, from 175° to 220° C. 
Obviously therefore further investigation is needed. The United 
States Pharmacopceia requirements state that “ hydrastine-hydro- 
chloride melts at 212° ©.” 

_ Tyoscyamine-hydrobromide (3 samples) : 

Beginning | Complete Sample. | First sign. | of melting.| fusion. 

lS ad ape ee 8} 149.8 

«Could not be determined because of initial resinous condition. 

Observed readings for sample a corrected=149° +, and 150.8°-151.8° C. 

Rees ena 



Sample a was a perfectly white crystalline product. It collapsed 
sharply at the melting point to an opaque mass which did not become 
a clear liquid on further heating to 190° C. On cooling under a 
stream of water and remelting the solidified mass no difference in 
behavior could be noted. The sample conforms to other pharma- 
coporial tests. 

Samples b and ec, although labeled “ hyoscyamine-hydrobromide ” 
and purchased at the same price as that paid for sample a, were 
brown, semiplastic, smeary products—impossible of investigation 
by a capillary-tube method and obviously below United States Phar- 
macopoela standard. None of the samples, however, were labeled 
aed Se Pe 

Todoform (6 samples), strychnine (6 samples), saccharum lactis 
(9 samples). Of the list of 37 compounds originally selected for 
immediate investigation and standardization these are the only three 
remaining compounds which decompose at the melting point, and 
therefore require further investigation. | es 

Naphthalene (5 samples) : + 

| Beginning | Complete Sample. First sign. | of melting.| fusion. 

Degrees. Degrees. | Degrees. 
77,04 79.2 79.8 OR ae ter gst ww, 18 ee Ca ee ee pete care 

reas os ERE S woo 3c 5 a on eee SMe tee Oe eee tein ee a re 77.0+ 79,2 79.8 
Wie ed gh ean pa Cae a citok" Ss ise ee Sas a eee On te eee ee 78. 0+ 79.5 80.0 — 
PLES Sor toca. boven sles hs ons ose ee eee ote eee nee Fae 79.0+ 79.5 80.0 
Oe aan aoa ah we See bone at Seo SS REO EW ek Ase meet ae ea 78.54 79.3 80.0 

Average readings for all samples, corrected, =78.5° +, and 79.9°-80.5° C. 

All samples melted sharply to a clear colorless liquid, and conform 
to other pharmacopceial tests. 

Phenylsalicylate. (salol) -(6 samples) : 

Beginning | Complete 
Sample. First sign. | o¢ melting.| fusion. 

a 
Degrees. Degrees. | Degrees. 

41.5 .0 Ro tO IO CTO CER Or ne Cre tri ene + 42 42. i) 

Pe ae eas es ene No. ee ee cc ot Clete Meee ee ee ee 41.54 42.0 42 
RMS Se, Sits a ie aaa WB, wn a he me ee tet, oa 41.8+ 42.0 42.6 
SAE a ee ee IS UE yh i ee oN) ey eg BI 41.5+ 41.8 42.5 
RS Sere elt hig ais wince Rie eens aio ol ne eae ones ao See eee 41.8+ 42.0 42.7 
1 Se Pes, ea no EL RD Ic ofS 5 et ge se ie, 41.8+ 42.0 42.6 

Average readings for all samples, corrected, =41.5° =, and 42.2°-42.8° C. 

All samples melted sharply to a clear colorless liquid, and all con- 
form to other pharmacopceial tests. 
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-Piperine (4 samples) : 

Bein 
| Beginning | Complete 

Sample. First sign. | 5¢ melting. | fusion. 

Degrees. Degrees. | Degrees. 
I cit Pinna = tis dee 'sis sp c's ow cusinies es neerssvedbacenmedgccecsann 124.0(+) 126.0 | 128.0 
I fe oe, Scat netigls shawn Giruchedvecs sii c-s<c. see 127. 5( +) 128.6 | 129. 1 
ET pe aie ae lane al« ain © o\s'ew bk ot heferd.ai@ oie elaaw see Vide cewnsens 128. 0(+) 128. 5 | 129.1 
itl cio Sinn be ig ss Gea Wd SG va wewddneowme recess 127.0(+) 128. 4 | 129.0 

The average readings for samples b, ¢, and d, correcetd=129° =, and 130° 

% 130.6° C. 

The readings for sample a, corrected, =125.5° -£, and 127.4°-129.5° ©. 

Sample a was not in the original package and therefore could not 
positively be considered a market sample. All samples, except a, 
melted sharply to a clear liquid having a pale greenish tinge. All 
(including a) conform to other pharmacopeeial tests, which, however, 
are open to criticism in many details. 

~ Pyrogallol (6 samples) : 

‘i er neaerlect | Beginning | Complete 
Sample. | First sign. \of melting.| fusion. 

Degrees. Degrees. Degrees. 
cas whee asta aim w chain wow ico a md'w ev Sa csbbaseseeg ence 110+(125) 129.4 130.4 
es iti Ss Sorel Eee a 110+. (127) 130.0 131.0 
0 Eo Sg oe Macrae asine saa s 112+ (127) 130.5 131. 2 
Le needed Ot 8e SSeS See ee ae 112+ (128) 130.5 4 Slee: 
cee Soe: SSCS DOS5 EO Ee 112+ (128) 130.5 131.5 
NERA Ok oe Se eee ea eae 112+ (128) 130.5 131.5 

| 

The readings for sample a, corrected, =111° = (126.5°), and 130.9°-131.9° C. 

_ Average readings for all other samples, corrected, =113° + (129°) and 131.9°- 

2.8". 

_ Sample a differed consistently by a considerable margin from all 
other samples. In all cases the “ first sign ’—very slight when first 
observed—became more pronounced at the higher temperature given 
in parentheses. 

All samples melted to a clear hquid having a slight brownish tinge, 
and all were of United States Pharmacopceial standard as deter- 
mined by other pharmacopceial tests. 

-Resorcinol (6 samples) : 

ae 
4 Hees} eas Beginning | Complete 
, Sample. First sign. | of melting.| fusion. 

Degrees. Degrees. Degrees. 
NIRS a cain Ch wad dae aald ea vandenn dale vidediaes omenseccce 105+ 109. 0 109. 4 
ee a ype iS ocichars Screw’ Sse ee se waacslescuesecina 104+ 109.0 109. 4 
as ones edioe hoe Eas wi ee ee oie eae ee 105+(108) 108.8 109.5 
I ere St iS ie ccclais Wialwovan eee cad Sao s orsee a 108+ 108.9 109. 3 

III rata SS ey a ok k ccc dr case k cv ccetcacesdcee's 104+(108) 108. 9 109. 4 
os SS ead eSe edo ts See ee gen ekg | 105+(108) 108. 9 | 109. 4 

The average readings for all samples, corrected, =104° +, and 110°-110.5° ©, 
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Samples c, e, and f showed more definite change at the is don § 

indicated in parentheses than at the “ first sign.” All samples melte 

sharply to a clear, colorless, or very slightly amber- colored liquid + aNd 

all conform in other tests to United States Pharmacopeceial standar c 

Salicine (4 samples) : a 

Sample. First sign. eae “huslon : 

Degrees. Degrees. 
Bile Sok evict Wah dane bin bp Os Son wu oh elt eceee beat nem h on ies Gist eat nnn 190+ 196.5 
DD ae wes eine alae. cea vixen mn Ch ier BK a Oster pete Decl es e e ae e 190+ 196.5 
DB Paris cei wide km wow ok an ok Sree awh ath dn ach ee pl ateteree ster km Ceetavehae Seale Geet ae ee 196.6 
Oe Mee Ai oasis kaka ache ao See vdasice phan eee yie ee whe 192+ 196.0 

The average readings for all samples, corrected; =194° +, and 199.9°-200.6° C 

In all chess evidence of change was phos progressive above the 
“first sign,” but the “ beginning of melting” point was sharply de- 
fined and consistent. During the melting interval very fine bubbles 
appeared in the mass, slowly rising to the surface, suggestive of 
slight decomposition, but no such indication was disclosed by remelt- 
ing. | 

All samples melted sharply to a colorless liquid, and all conformed 
in other tests, to pharmacopceial standard. 

Santonine (5 samples) : 

Beginning Complete 
of melting. fusion. 

Sample. First sign. 

Degrees. Degrees. | no 
Bh RS eal wid See eis a cree Ia ae wi Re Dy ae ESS RO Rae REECE eee Ere 165+ 168. 5 | 
Dy ee ek pay ecahcic SESS Se chs nek ae eee ae arses 165+ 168.7 |: 169. 
De hin ein was ooo wie Jaleo Sey ok ele Sea els: = Sa eae EE eee eee 165+ 168.7 , 
Le So pcc ls ahi » win bak. cee ais a So dno Oe Oe Oe eee ee tee 166+ 168.9 
88 Je oaths Sted Scie we» Sens Jk ate Sine Pete siete = etaroln. See ee eens 166+ 168.9 

The average readings for all samples, corrected, =167.5° +, and 171.2°- 

Jie et 7 

In all cases there was more or less slight change between the first 
two points recorded, but the second point was always sharply defined 
The final result was a clear, colorless liquid. All samples conformec¢ 
to standard according to other pharmacopceial tests. 

Sulphonethylmethane (5 samples) : 

| Bkaleninne Complete 
Sample. First sign. of melting. fusion. 

Degrees. Degrees. | Degrees. 
76.0 7€ PO Ed a TERT Ce OE ee IEE er pie in ee 75. 5+ 

See Se eer ae j RO Sg Rd Si hele tS rd oo Re bein olin aly ae ate eo 75.54 76.0 76 
SS ee CM arch ce ie ik, coe wo dre dpe WG des rea ioe er Eee 75. 5+ 76.0 of 
Ne da dae on oc kab a obs wed ebes.c nse e Ma da waaie senate a eee 75.0+ 76..7 76. 
SU ig idl aS inn © in nh’ Ve bie Soa WOM, beak aN ve oa a ee 75.0+ 75.5 a 76. 

“Not clear. 

The average of values for samples a, b, ¢, and d, corrected=76° + and 76.4~ 

ey pe at 



95 

These samples melted sharply to a clear, colorless liquid. The 
havior of sample e was unsatisfactory, in that the point of complete 
sion was obscured by the formation of a foam or by a residue of 

ubstance infusible at that temperature. This mushy condition 
adually cleared on continuing the heating to 190° (observed) 

reading). 
All samples conformed to other pharmacopceial tests, two of which, 

however, are open to minor criticism. 

Sulphonemethane (6 samples) : 

Beginning | Complete 
Sample. First sign. of melting.| fusion. 

Degrees. Degrees. | Degrees. 
125 Me ek. ctu ic kc sc acccesscccccsacecse rad wee eae ae 124. 5+ 124.8 3 

OES ee 124. 5+ 124.8 125.3 
UES Ss See oe 124. 5+ 124.8 125.3 
ae ci ods a hye arin ain Ad, a nmwine oelein ayes vin cicie omen 124. 5+ 125.0 125.5 
Ee EE ee ee 124. 5+ 125.0 125.5 
ena 5.28 xine s vine doceic sence ne decccacenas 124.54 125. 0 125.5 

The average of values for all samples, corrected=126° =, and 126.3°-126.8° C. 

All samples melted with remarkable precision and uniformity to 
a clear, colorless liquid; and all conformed to other pharmacopeeial 
tests, regarding which the same criticisms may be made that apply to 
those for the preceding compound. 

Thymol (7 samples) : 

Beginning | Complete Sample. First sign. | of melting.| fusion. 

Degrees. Degrees. Degrees. 
49+ 49.9 50. AGE CROSSES CIE IEIPR CLE ae ea a tis Ree = cree So at oc leteito pe 

te be buns pce ueecwdcersenaccue 49+ 50. 0 50. 7 
Eek) Sue 6 2 oh5 fF citwrsis.w cieialce do tigeclaesesddbwvicncowaese 494 50.1 50.8 
ek aca ule cacaasaevoasacbuscec, csdwsuce 48+ 49.9 50.4 
EE SE Sy ae ee ee ee 49+ 49.9 40. 4 
eo. ecb ee cueccteweceesecedacdeces 49+ 49.9 50.5 
eri 16S 6 35G.2 52s sed dole senlnne ls dda acvanes 494 | 49. 8 50.3 

The average of values for all samples, corrected=49° +, and 50.1° and 50.8° @. 

All samples melted sharply to a clear, colorless liquid and all con- 
formed to standard to the extent that all behaved exactly alike under 
other pharmacopeeial tests. In several tests, however, the reactions 
obtained differed considerably from those described by the pharma- 
copeia, and several attempts to liquefy each of the above samples 
by triturating with chloral hydrate failed completely. 

as Pe ee 



Vanillin (5 samples) : : ot) aia 

Beginning Com p pl 
Sam pl e. First sig n. of m malin, 

Degrees. Degrees. | Degre 
a ee ly SR Me TS ORME aa a Rieti, ONE BRS oe Sei yo 80+ 81.2 
Dic Sin Set oR Sw cia cw wu yee eo ohe Oe te rere ee Se re et 80-4 81.2 
PPS oc eS cl Reis raat clon ein eta Reeser CNN oh ba et So) 80+ 81.5 
De oa Soe Ss came acts « We eG bo ree CERISE oe Cae hie Steers eee teeta 80+ 81.3 
i ean oe oie cake ace oe a te ene ers Pe sie thai sek es reese eae 80+ 81.3 

The average of values for all samples, corrected=80.5° +, and 81.9-82.5° C. 

All samples melted sharply to a colorless liquid. The uniform r¢ 
lation of all samples of vanillin to other pharmacopeeial tests is mue 
the same as that described for thymol, except that in this case tl 
discrepancy between the results obtained and those described by th 
pharmacopceia, for three important tests, is so great as to compe 
the eine ioe either that the tests referred to are worthless as de 
scribed or that all five samples under consideration are decided | 
below United States Pharmacopoeia standard. 

The final corrected results obtained for the melting interval of th 

different compounds, exclusive of those which decompose at the mel 
ing point, are summarized in the following table (Table VII), whie 

also includes the corresponding melting-point requirements of si 
different pharmacopoeias and the values given in the more commo 
and important sources of the chemical and pharmaceutical literatut 
for this class of compounds. | 

The values obtained in this investigation are given in the colum 
headed “ By method recommended,” the number of market sample 
conforming to each melting interval being indicated in the colum 
immediately preceding the values given. The policy of giving tw 
sets of values in those cases where consistent variation between diffe! 
ent samples was observed is continued in the table. As before state¢ 
probably several factors enter into the explanation of such variatiol 
including greater delicacy in the melting-point test than applies - 
other pharmacopeeial tests, the effect of different kinds of impurit 
(contradicted by Ostwald’s work; refer p. 74), and possibly tl 
presence of an impurity that is not detected by other pharmacopoet 
tests. The official melting interval in such cases must depend up¢ 
the degree of exactness or elasticity desired for the pharmacopeei 
standard. Of five samples of the same product, however, if four co 
form very closely to the same melting interval and only one consis 
ently and considerably diverges from that value, whatever the cau 
of the divergence, it would seem reasonable to require the one 
conform to the standard established by the four. 



<e) ™~] 

Consideration of this table should include recognition of the fact 
t these compounds represent only the simplest of their class to 

hich the melting-point test can be applied, and the further recog- 
ion of the fact that where the requirements of different pharma- 
poeias are identical it does not necessarily indicate independent ex- 
rimental determinations and, therefore, the correct value. ~*~" 
With the method recommended it is considered that a reasonable 
llowance for the “ personal factor” need not extend the melting 
nterval more than 0.5° at any temperature. Any variation due en- 
irely to the “personal factor” (as interpreted on p. 71) is pre- 
umably constant, and therefore there would seem to be no good 

eason for making a variable allowance for it at different tem- 
eratures. 

56669 ° —10——7 
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GENERAL SUMMARY. 

In the introduction the present relation of the United States Phar- 
acopeeia to the federal food and drugs act of June 30, 1906, is dis- 

ussed and its logical effect upon pharmacopceial standards for drugs, 

ith specific reference to the melting-point requirements, is indicated. 
Phe essential features of an effective legal standard, the deficiencies 
of the United States Pharmacopeeia (eighth) melting-point require- 
ments, and the relation of this melting-point problem to the efficiency 

of the United States Pharmacopceia standard is discussed. 

The body of the bulletin first deals with the plan of procedure in 
attacking the problem at hand and giving direction to work required 
for its solution, leading to the disclosure and summary of serious 
superficial causes of divergence in the published melting-point values 
of the same compound. The individual causes are taken up sepa- 
rately for more or less exhaustive treatment, terminating in each in- 
stance with recommendations, the adoption of which it is believed 
will largely eliminate or control that cause of divergencé in pharma- 

seutical practice. This discussion of individual causes of divergence 
includes : 

1. Variation in melting-point interpretation. 
2. Coordination of melting point and decomposition point. 
3. A review and illustration of many of the various methods now 

in more or less common use for melting-point determinations, to- 

vether with the description and illustration in detail of a method 
which is believed to be best adapted to present pharmacopceial needs. 
4. Variable practice in the use of thermometers. 
5. Variation in certain details of individual manipulation. 
6. Variation in physical condition and in preliminary treatment of 

the compounds. 

‘The method referred to as “ best adapted to present pharmacopceial 
needs,” together with carefully defined details of procedure—that is, 
mniformity of practice—is recommended for official adoption as a 
part of the melting-point requirements of the United States Pharma- 
sopeia (ninth). This method and procedure were applied in the 
melting-point determinations of market samples of a group of the 
more important pharmacopeial compounds. The average observed 
readings for each sample and the average corrected values for con- 
sordant samples are given for each compound in connection with 
liscussion of other pharmacopceial tests. The corrected averages 
ire also tabulated, together with corresponding values, from different 

harmacopeeias and from various sources of the literature. 
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' Filaria restiformis Leidy, 1880=Agamomermis restiformis, by Ch. Wardell Stiles. 
Observations on two new parasitic trematode worms: Homalogaster philippinensis 
sp., Agamodistomum nanus pn. sp., by Ch. Wardell Stiles and Joseph Goldberger. 

4, A reexamination of the original specimen of Twnia saginata abielina (Weinland, 
858), by Ch. Wardell Stiles and Joseph Goldberger. 
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_ No. 57.—I. The presence of tubercle bacilli in the circulating blood in clinical and 
experimental tuberculosis. By John F. Anderson. II. The viability of the tubercle 

bacillus. By M. J. Rosenau. 
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_ No. 60.—A study of the anatomy of Watsonius (n. g.) Watsoni of man, and of 19 

allied species pf mammalian trematode worms of the Re ae Parts deem uiet 
By Ch. Wardell Stiles and Joseph Goldberger. 

s 61.—Quantitative pharmacological studies: Relative physiological activity of 
me commercial solutions of epinephrin. By W. H. Schultz. 

_ No. 62.—The taxonomic value of the microscopic structures of the stigmal plates 

in the tick genus Dermacentor. By Ch. Wardell Stiles. 
_ No. 63.—Digest of comments on the Pharmacopceia of the United States of America 
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No. 64.—Studies upon anaphylaxis with special reference to the antibodies 
cerned. ByJohn I’. Anderson and W. H. Frost. 

No. 65.—Facts and problems of rabies. By A. M. Stimson. 

No. 66.—I. The influence of age and temperature on the potency of diphtheria ar 
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No. 68.—The bleaching of flour and the effect of nitrites on certain medicinal su 
stances. By Worth Hale. % 

No. 69.—The effects of a restricted diet and of various diets upon the resistance 
animals to certain poisons. By Reid Hunt. 
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In citing these bulletins, beginning with No. 8, bibliographers and authors a 
requested to adopt the following abbreviations: Bull. No. ——, ei Lab., U. 
Pub. Health & Mar. Hosp. Serv., Wash., pp. —— 

MAILING LIST, 

The Service will enter into exchange of publications with medical and scientit 
organizations, societies, laboratories, journals, and authors. ALL APPLICATIONS F¢ 

THESE PUBLICATIONS SHOULD BE ADDRESSED TO THE **Surgeon-General, U. | 
Public Health and Marine-Hospital Service, Washington, D. C.,” Exc 

THOSE MARKED (%*). 

The editions of the publications marked (*), available for distribution by tl 
Surgeon-General of the Public Health and Marine-Hospital Service, have be 

exhausted. Copies may, however, be obtained from the Superintendent of Doc 

ments, Government Printing Office, Washington, D. C., who sells publications 

cost, and to whom requests for publications thus marked should be made. 
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SOME KNOWN AND THREE NEW ENDOPARASITIC TREMATODES 
FROM AMERICAN FRESH-WATER FISH.* 

(Figs. 1-18.) 

By JosEPpH GOLDBERGER, 

Passed Assistant Surgeon, Public Health and Marine-Hospital Service. 

In 1905 Marshall and Gilbert described a fluke for which they 
established the genus Leuceruthrus. 

Genus LEUCERUTHRUS Marshall and Gilbert, 1905. 

GENERIC DIAGNOSIS.—Body thick, muscular, with bluntly rounded cephalic and 
pointed caudalend. Acetabulum preequatorial. Genital pore slightly preacetabular 
in mid ventral line. Oral sucker larger than acetabulum; pharynx present; esopha- 
cus short, in form of inverted Y. Ceca extend to near caudal margin. 

Male organs: Testes, smooth, acetabular or postacetabular; testicular zones® overlap, 

fields abut or separate. Cirrus sac present, incloses vesicula, musculosa, and pros- 

tatica; no protrusile cirrus. Roomy, distensible genital atrium present. 
Female organs: Ovary near caudal end, postacetabular, posttesticular, postuterine, 

intercecal, median to submedian; surface smooth. Shell gland compact. Laurer’s 

canal present. Uterine coils transverse, intercecal, preovarian. Vitellaria elongate, 

postacetabular, in extracecal area. 
Tyre spectes.—Leuceruthrus micropteri Marshall and Gilbert, 1905. 

SYSTEMATIC RELATIONS.—The position and relations of the testes 
and ovary would place this genus with the Dicrocelinex, but the 
thick muscular body, the totally preovarian uterus with only one 
(an ascending) limb very clearly separate it from this group. It 
seems probable that Leuceruthrus will be found to represent the type 
of at least a new subfamily, Leuceruthrine, and probably of a new 
family Leuceruthride of the superfamily Fascioloidea. 

* 

Among some worms sent to the Division of Zoology for determina- 
tion there were examples of a distome resembling that described by 
Marshall and Gilbert (1905) under the name Leuceruthrus micropterr. 

@Submitted for publication August 11, 1910. 
6The topographic terminology is that suggested by Stiles. See Stiles and Gold- 

berger, 1910. ! 

(7) 



In response to a request Professor Marshall very kindly sent some 0 
his type material, comparison with which leaves no room for doub 
as to the correctness of the identification. As a further result of this 

tion and to extend this in some details. 

LEUCERUTHRUS MICROPTERI Marshall and Gilbert, 1905. 

[Figs. 1-6.] 

SPECIFIC DIAGNOSIS.—The characters of the genus. Body 4 to 10 mm. long by 

ventral line about two-fifths of body length from cephalic margin. Genital pore 
slightly cephalad of acetabular aperture. Oral aperture ventro-subterminal, oral 

in form of an inverted Y; intestinal ceca run in slightly zigzag course to near caudal 
margin. | 4 

Male organs: Testes irregularly globular, occupy a zone slightly preequatorial equal 

to from one-tenth to one-eighth of worm’s length; zone occupied by testes overlaps, — 

abuts or separate from margin of acetabulum. Cirrus sac present, thin walled, con- 
tains vesicula, musculosa and prostatica. Genital papilla present, pierced by ductus” 
ejaculatorius and metraterm that discharge by porus hermaphroditicus into distensi- 
ble genital atrium. Protrusile cirrus absent. : 

Female organs: Ovary irregularly globular, in axial region, near caudal extremit 

cephalad of excretory vesicle, between converging excretory canals. Shell gland 
close to cephalo-dorsal aspect of ovary. Receptaculum seminis absent. Uterus forms — 

transverse coils, passes cephalad, fills intercecal area between the ovary and shell 
gland caudally, and the testes cephalically; metraterm discharges by porus hea 
maphroditicus. Laurer’s canal present, pore opens in about median line of dorsu 

in or cephalad of zone of shell gland. Vitellaria made un of globular follicles in irreg- 

ular longitudinal rows ventrad and externally of intestinal ceca, extend from level 
of caudal margin of acetabulum to cecal ends of intestines. ? 

Egg: Uterine egg 63 by 37 », operculated with thickening and knob at opposite pole. 
Excretory system: Excretory vesicle tubular, post ovarian; excretory pore caudo- 

terminal. Longitudinal canals, vesicle and excretory duct Ligetiuat in form of letter 
Y; canals begin at level of cephalic margin of oral aperture. x 
Hasitat.—Stomach, mouth, gills of Micropterus salmoides (type host) and M. dolo- 

mieu from lakes arolind Madison, Wis. (type locality), and from stomach of M. salt 

moides, M. dolomieu and Amia cade from Lake Maxinkuckee, Indiana. 
Corypr.—U.S. P. H. &. M. H.S. No. 10678 (mounted and sections). ; 

Source or MatertaL.—The material upon which this study 1 
chiefly based is part of a collection of parasites sent to Prof. Ch. 
Wardell Stiles at the Hygienic Laboratory by the Bureau of Fisheries. 
It consists of specimens from the stomach of Micropterus salmoides 
(P. H. & M. H. S. Nos. 10490, 10494, 10496), from the stomach of 
Micro pterus dolomiew (P. H. & M. H.S. ‘Now 10495, 10497, 10524) and 
the stomach of Amia calva (P. H. & M. H.S. No. 10527). & 

The fish from which these were obtained were all from Lake Max- 
inkuckee, Indiana. I also found one mounted specimen in the 
MacCallum collection (U.S. N. M. No. 7278). This is from the stom=- 
ach of Micropterus sp., locality not given. The specimens studied by 
Marshall and Gilbert were for the most part from the stomach, 



few from the mouth or gills of large and small mouthed black bass 
(Mieropterus salmoides and M. dolomieu) from the lakes around Madi- 
son, Wis. 

EXTERNAL CHARACTERS. 

MEASUREMENTS.—Marshall and Gilbert give the length of the 
worms studied by them as from 4 to 7 mm. The alcohol specimens 
at my disposal vary in length from 4.2 to 10 mm., and in greatest 
width from 2 to 4 mm. A specimen 4.7 mm. in length measures 
1.9 mm. in maximum dorso-ventral diameter. 
Cotor.—The fresh specimens are described by Marshall and Gilbert 

as of a peculiar pinkish or yellowish tinge, hardly dark enough to be 
described as red or yellow. 

The specimens (alcoholic) forming the basis of this study were of 
the color of old ivory with a dark streak on each side running parallel 
to the lateral margins of the caudal half of the venter. These streaks, 
representing the vitellaria, extend cephalad almost to the level of the 
ventral sucker and caudad to a level a little short of the caudal 
extremity. A dark patch, looking like a shadow, is also present in the 
cephalic half of that portion of the median field of the venter that is 
caudad of the ventral acetabulum. This patch which represents 
the egg-filled coils of the uterus appears relatively sharply delimited 
caudally by an ivory tinted area; cephalically it fades out gradually 
and laterally it appears marked off from the lateral longitudinal dark 
streaks by a narrow ivory tinted strip. The shadow of the uterine 
coils shows also, though more faintly, on the dorsum. 

- Form.—This is described by Marshall and Gilbert as tongue 
shaped with a blunt anterior and a pointed posterior end. My 
specimens conform to this general description; some, however, pre- 
sent a median (sagittal) or submedian notch at the caudal pole. 
The worms are broadest in about their equatorial zone, from which 
region the body tapers toward both poles, slightly toward the 
cephalic, considerably toward the caudal. The lateral margins pre- 
sent a gentle curve from pole to pole. In profile the longitudinal 
axis of the worm is very slightly curved with the convexity dorsad; 
the outline in this view is somewhat that of a cone with a pointed 
caudal and a blunt oral extremity. The latter appears inclined 
obliquely as if beveled at the expense of the ventral aspect. Both 
ventral and dorsal profile lines are curved, the former slightly, the 
latter more decidedly. There is no definite line of demarcation 
between dorsum and venter. The outline of the worm in transverse 
section is elliptical to circular. 
SuRFACE.—On this point Marshall and Gilbert simply state that 

the body issmooth. This I find to be the case in the sense that there 
are no spines or papille. There is, however, some wrinkling with 
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consequent formation of numerous grooves especially noticeable along 
the lateral margins. These are probably dependent on the state o 
contraction of ‘the worm. In the ventro-median line at a point, ’ 
measured in a reconstruction of a specimen 4.22 mm. long, about two- 
fifths of the body length from the cephalic margin there presents ar 
irregularly circular aperture that, in sections, is seen to lead into the 
acetabular cavity. In the same specimen, about 0.28 mm. cephalad 
of the cephalic margin of the acetabular aperture and obscured in 
the unsectioned specimen by the surface wrinkles, is the relatively 
minute (0.02 mm. in diameter) genital pore. At the blunt cephalic © 
extremity in the area which has been described as the beveled por 
tion of the venter is the relatively large irregularly circular oral 
aperture. 

ACETABULUM.—This is described by Marshall and Gilbert as 
median, a little in front of the center of the body with a diameter 
of 0.45 mm. The position on the surface of the acetabular aperture 
in my specimens has already been mentioned. The acetabulum itself 
is well developed, though smaller than the oral sucker. In the recon- 
struction it measures 0.60 mm. in the maximum longitudinal and 
about 0.72 mm. in the maximum transverse diameter. Its margin 
may or may not project directly on the ventral surface; when it 
does the projecting ring is marked off by a distinct groove. 

INTERNAL ANATOMY. 

DIGESTIVE TRACT.—Marshall and Gilbert describe this as follows: 

The oral sucker (in a specimen 5 mm. long) is large 0.75 mm. in diameter and is 
situated ventral just behind the anterior margin of the body. The pharynx is large, 

praepharynx and oesophagus absent. The intestinal caeca extend to the posterior 
part of the body; each caecum at first extends forward for a short distance before 
passing backward. 

Aside from a difference in interpretation with respect to the 
esophagus the digestive tract, in my preparations, conforms to this 

general description. As already described, the oral aperture 1 
ventro-subterminal and in the reconsteneiion. already referred to, 
measures about 0.26 mm. in sagittal diameter. It gives entrance 
into the cavity of the oral sucker. This is a well-developed, powerful, 
muscular organ whose form (fig. 2) in sagittal section resembles 
somewhat that of Fasciola hepatica. In median sagittal section its 
ventral wall is much shorter than the dorsal. Its maximum dorso: 
ventral and transverse diameters measure 0.72 mm. and 1 mm.,, 

respectively. The oral pole of this sucker projects slightly beyond 
the embrace of the body parenchyma and forms a well-defined rin 
on the surface bounding the oral aperture. This projecting rim has 
an external covering of cuticle continuous with that of the genera 
surface. The base of the sucker appears slightly excavated in some 
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pecimens, as if molded over the adjacent convex pole of the pharynx. 
The pharynx is attached to the base of the oral sucker without the 
intervention of a prepharynx. In the reconstructed specimen the 
pharynx measures 0.29 mm. in maximum dorso-ventral, about 0.30 
mm. in maximum longitudinal and about 0.27 mm. in maximum trans- 
verse diameter, so that it is approximately globular in form. In 
transverse section its outline is irregularly circular. A thick nerve 
cord runs transversely close to its dorsal aspect and at about the 
level of the base of the oral sucker. 
From the base of the pharynx there springs a very short tube 

(fig. 2) which divides into two lateral stems in the manner of an 
inverted Y. Inclosing this tube is a ring of sparse cells. This 
esophagus is lined by a cuticular layer which is continued into its 
lateral stems. The intestines are continuous with the lateral stems 
of the esophagus, the change from one to the other being marked 
by a sphincter-like constriction (fig. 2). Each intestinal tube passes 
at first dorso-laterad and cephalad then, describing an arch, curves 
and passes caudad in a slightly zigzag course at a distance of about 
0.30 mm. from the lateral margin to terminate cecally at a point 
somewhat less than the length of the acetabular diameter from the 
caudal margin, in the vitellie, excretory, and postovarian zones. 
The intestinal lumen is lined with an epithelial layer, the transition 
from the cuticular lining of the lateral stem of the esophagus being 
sharply marked. 

GENITAL SYSTEM.— Male organs: Marshall and Gilbert give the fol- 
lowing description of the male genital organs: 

In a ventral view the testes are nearly circular in outline, 0.325 mm. in diameter, 

and lie nearly in the same transverse plane. One is always slightly in advance of the 
other, but neither the right nor the left is constant in this respect. Both testes are 
near the center of the body a little posterior to the acetabulum. The vasa deferentia 
pass forward dorsal to the acetabulum; they join at the base of the cirrus sac, within 

which the seminal vesicle is bent upon itself, finally passing into the ductus ejacula- 
torius, which empties into the genital sinus just anterior to the female opening. 

In my preparations, the testes are irregularly globular in form. 
Measured in the reconstruction of one specimen, the right testis is 
0.51 mm. in maximum transverse, 0.30 mm. in maximum longitudinal, 
and 0.56 mm. in maximum dorso-ventral diameter, while the left is 

0.37 mm. in transverse and 0.35 mm. in maximum longitudinal diame- 
ter. The left testis is therefore slightly smaller than the right in this 
particular specimen. They occupy a zone in the intercecal area equal 
to from one-tenth to one-eighth the total length of the worm (fig. 1). 
This zone varies somewhat in its relation to that of the acetabulum; 

in 14 out of 16 specimens it overlapped that of the acetabulum to a 
greater or less extent, in 1 the testicular and acetabular zones abutted 
and in 1 only of the 16 specimens were they distinctly separate in 



' This is the vesicula seminalis. It is succeeded by a thick muscular 
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the way described and pictured by Marshall and Gilbert. Consider- 
ing now the zone occupied by each testis, I find that the relation of 
one to the other is also subject to some variation. In 7 of 11 see- 
tioned specimens these two zones overlap to a variable degree, though 
never coinciding, in 2 they abut and in 2 are separate. In 10 of 16 
specimens the right testis is the one farther cephalad. The relation 
of the testicular fields, one to the other, could not be so thoroughly 
studied as is perhaps desirable. There appears to be a variation from 
a condition where the fields are separate to one in which they abut 
or slightly overlap. From the dorso-mesio-cephalic aspect of each 
testis a thin walled vas efferens arises and passes at first cephalad, 
then gradually tilts mediad to unite with its fellow at the base of the 
cirrus sac in the formation of the vas deferens. The vasa efferentia 

bound, laterally, an area which is filled with coils of the uterus. The — 

vas deferens is a tube which presents differences of structure in its _ 
course. The portion immediately succeeding the point of union of 
of the vasa efferentia is thin walled like the vasa efferentia with a 
lumen of large but variable caliber filled with spermatozoa. It is 
coiled and occupies the major portion of the space in the cirrus sac. 

walled, quite short, uncoiled part which suggests the pars musculosa 
of the amphistomes. The change from vesicula to musculosa i 
marked by a valve-like structure like that described by Stiles and 
Goldberger (1910) for Paramphist. crassum. In form this part of the 
vas deferens resembles that of a beet, the proximal end is bulbous and 
tapers rapidly centrifugally. It is succeeded by the pars prostatica 
which is distinguished by being inclosed in a thick layer of cells with 
prominent nuclei. The prostatica is short, directed ventrad, and is 
succeeded by the ductus ejaculatorius which, after continuing for a — 
short distance ventrad, penetrates the base of the genital papilla to 
discharge at its vertex through a pore in common with the metraterm. 
(fig. 3). The vesicula, musculosa, and prostatica are inclosed in a 
thin-walled ‘‘cirrus” sac. There are in this sac, in addition, a con- 
siderable number of cells resembling the prostatic cells, but not stain- 
ing so deeply. These cells appear to fill the interstices between the 
coils of the vesicula. The sac, with its contents, lies in the axial 

region of the worm dorso-cephalad of the acetabulum (figs. 2 and 3). 

The genital papilla (fig. 3) is a small, though in most cases a very 

well defined, somewhat cylindrical structure which projects from the 
dorsal wall of a fairly roomy, distensible, irregular genital atrium. 
This chamber (figs. 2 and 3) is at some distance beneath the surface 

of the venter and in a line directly cephalad of the acetabulum. It 
discharges by a narrow passage which opens, as already described, on — 
the ventral surface by a small transverse button-hole-like slit as the 
genital pore. 
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Female organs: These are described by Marshall and Gilbert as 

follows: 

b The ovary is median, slightly lengthened along the transverse axis of the fluke 
and is situated midway between the testes and the posterior end of the body. A 
yentral view shows it lying apparently in the fork of the excretory vesicle. The 

oviduct passes forward from the ovary for a short distance and joins the receptaculum 
seminis, receiving Laurer’s canal, a long, narrow tube, the external opening of which 
is Horsal. From this point the tube passes through the shell gland which lies a little 

to the right of the median line. Specimens containing but few eggs have the uterus 
confined to a space between the intestinal ceca on the sides, the acetabulum in front 

and the ovary behind. The vagina enters the genital sinus just posterior to the 
opening of the ductus ejaculatorius. Each yolk gland consists of a number of follicles 
on either side, having a slight appearance of being arranged in two or three irregular 
rows, none of which extends in front of the acetabulum. The yolk duct from each 
gland passes toward the median line of the body, the two ducts meeting in a yolk 

reservoir which lies anterior to the ovary. 

My preparations show the ovary and the shell gland in the caudal 
portion of the axial region of the body of the worm. The ovary 
occupies a position in the axis of the body almost immediately cepha- 
lad of the excretory vesicle and between the converging longitudinal 
excretory canals. It is irregularly globular in form and in the recon- 
struction measures 0.37 mm. in maximum dorso-ventral, 0.29 mm. in 
maximum longitudinal, and 0.30 mm. in maximum transverse diameter. 
The shell gland hes close to the cephalo-dorsal aspect of the ovary 
(fig. 4), though its position may shift somewhat either to the right or 
the left and its zone may abut or overlap that of the ovary to a con- 
siderable degree. The oviduct springs from the cephalic aspect of 
the ovary and passes toward the shell gland. On account of the 
variations in the relations of the gland to the ovary the course of 
the oviduct is subject to considerable variation, but it usually pene- 
trates the caudal or left latero-caudal aspect of the gland, within 
which it almost at once unites with the common vitello-duct in the 
formation of the ootype. Just before the duct penetrates the gland 
it gives off Laurer’s canal (fig. 5). This pursues a sinuous course 
to the median line of the dorsum where it opens by a minute pore 
within the zone of the shell gland or slightly cephalad of it (fig. 4). 
In its course it passes over (cephalad of) the right transverse vitello- 
duct. 
A seminal receptacle such as is described and figured by Marshall 

and Gilbert was not noted. The structure to which these observers 
probably refer is, I believe, simply the dilated, fusiform, proximal end 
of Laurer’s canal (fig. 5). This occasionally incloses granules sug- 
gestive of vitelline cells and some (a few) spermatozoa. The uterus 
emerges from the right latero-cephalic aspect of the shell gland and 
then bends transversely to the left beginning the formation of trans- 
verse coils which fill the intercecal area as it passes cephalad. Its 



14 

terminal portion (metraterm) eventually gains a position close to tk 

ventral aspect of the cirrus sac and pursues a somewhat sinuot 
course ventro-cephalad to the base of the genital papilla which it the 
penetrates in company with the ductus ejaculatorius in the manne 
already described. The metraterm is longer than the cirrus sac. I 
some of the specimens masses of spermatozoa were observed in th 
proximal end of the uterus (receptaculum seminis uterinum of Looss) 
eggs filling and more or less distending the uterine coils was the rule 
Marshall and Gilbert state that when “the eggs have increased greatl 
in number the outline of the uterus becomes lost and it nearly fills th 
posterior three-quarters of the fluke.’ In none of my own specimen 
do I find this condition, but in two specimens kindly sent by Professor 
Marshall I find a state of affairs that this description is probabh 
intended to cover. I find in these that in the post ovarian zone an 
in the zone cephalad of the level of the genital pore a considerable — 
portion of the body parenchyma appears to be replaced by a granular 
material in which eggs are irregularly scattered. These are particu 

larly numerous in the post ovarian zone in one of the two specimens 
referred to. There is no indication that the uterus itself has extended — 
into these regions but, rather, one gains the impression that this is a 
pathological condition, the eggs having burst from the uterus an 
infiltrated these regions as it were. In one of these specimens, too, 1 
find a Laurer’s canal with two pores at the dorsum, one cephalad of — 
the other precisely as observed by Looss (1894, p. 205) in one specimer 
of Dist. tereticolle. The vitellaria consist of two elongate glands whiel 
lie substantially parallel to the lateral margins of the body in the 
postacetabular zone and extend caudally little, if at all, beyond the 
cecal ends of the intestines; sometimes, indeed, they fall a little short 

of this level. Each gland is made up of a relatively moderate number — 
of well developed globular follicles which are grouped in irregularly 
longitudinal rows ventro-laterally of the intestinal ceca. From eael 

gland at a point slightly caudad of its equator a duct departs which 
passes inward with a tilt caudad in front (ventrally) of the cor- 
responding intestine and dorsally of the longitudinal excretory canals, — 
toward the base of the shell gland, in which region these tranverse 
ducts unite to form a reservoir distended with vitelline cells. From 
this reservoir a duct proceeds toward the shell gland which it usualh 
penetrates at the right lateral or latero-caudal aspect and witht 
which it joins the oviduct just as the latter begins to dilate to form the 
ootype. 

fgg: The uterine egg is not described by Marshall and Gilbert. 
is elliptical in form, with a thickening of the shell and, as a rule, a lo} 
knob-like projection at one of the poles and an appearance strongly 
suggestive of an operculum at the other (fig.6). It could not be deter 
mined whether the knob is invariably present. In an egg in whic 



the operculum, if such it be, was partly raised, the margin of the 
aperture had a serrated appearance. Measurements of eggs taken 
from the uterus gave 63 y for the length by 37 » for the greatest 
width. 
_Excretory systeM.—Marshall -and Gilbert describe this as 
follows: 

The excretory vesicle is Y-shaped, the excretory pore terminal, opening into a 

short, narrow tube which enters the median vesicle. This latter part is of moderate 

length, extending forward as far as the ovary, and from its anterior margin the two 
lateral branches arise and extend forward. We are unable to follow these branches 
farther than the acetabulum, but from their abrupt ending and thickness at the end 
we believe that they extend farther into the anterior region of the body. 

To this description my preparations conform in a general way. In 
ventral view that part of the excretory system consisting of the main 
longitudinal canals, the excretory vesicle and duct, have the form of 
the letter Y. The excretory vesicle and duct form the median stem 
of the Y which in this case is relatively very short, while the con- 
verging longitudinal canals form the lateral stems or horns. The 
excretory vesicle is in the axial region of the caudal portion of the 
body, caudad of the ovary, and between the cecal ends of the intestines. 
It is a thin-walled tubular structure that discharges at the caudal 
pole of the body through a relatively long and delicate duct. The 
duct is lined by a cuticlar layer. The vesicle receives at its dome, or 
it may be described as being formed by the junction of, two longi- 
tudinal excretory canals. These canals begin at about the level of 
the cephalic margin of the oral aperture. They pass caudad, at first 
close to the latero-dorsal aspect of the oral sucker, then laterally of 
the pharynx and ventrally of the arch formed by the first portion of 
the intestinal ceca to gain a position, which they maintain throughout 
the remainder of their course, more or less close to the ventro-mesial 

aspect of the corresponding intestine. 
tae gat: 

In the collection of parasites of which Leuceruthrus maicropteri 
formed a part I found two new forms that belong in the genus Azygia. 

Genus AZYGIA Looss, 1899. 

1904: Azigia Stafford, 1904, p. 488, misprint. 

GENERIC DIAGNOsSIS.—Body elongate, muscular. Cephalic end rounded; caudal 

end rounded or pointed. Surface unarmed. Oral aperture ventro-terminal or sub- 
terminal. Acetabulum slightly to considerably preequatorial. Genital pore slightly 

preacetabular, median. Oral sucker larger than acetabulum. Pharynx present. 
Esophagus short. Ceca extend to near caudal margin. 

Male organs: Testes postacetabular, post-uterine, post-ovarian, prevesicular, inter- 
cecal; surface smooth. ‘Testicular zones separate to slightly overlapping; fields nearly 

or quite coincide. Cirrus sac present, incloses vesicula, musculosa, and prostatica. 
Genital papilla present, projects into distensible genital atrium. Protrusile cirrus 
absent. 
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Female organs: Ovary postacetabular, post-uterine, pretesticular, and interceca 
median to submedian; surface smooth. Shell gland compact. Receptaculur 
seminis absent. Laurer’s canal present. Uterus transversely coiled, pretesticular 
preovarian, intercecal. Vitellaria elongate, extracecal, post-acetabular. . 
Tyre spEctes.—Azygia lucii (Mueller) Luehe, 1909. 

Until 1905 this genus included only the type species. In that yea 
Marshall and Gilbert described a second under the name Azygi 
loossii. With the two new forms here to be described the genu 
comprises 4 species. They may be distinguished by the followings 
key: 

KEY TO THE SPECIES OF AZYGIA. 4 

A’. Vitellaria do not extend materially posttesticular; they begin at a point, th 
length of the acetabular diameter, postacetabular ..........-.. A. lucii (p. 

A®. Vitellaria extend considerably posttesticular. 
B!. Vitellaria begin at about equator of worm, unbroken; excretory canals dis 

charge independently into roomy vesicle; ceca straight.. A. loossii (p. 26 
B?. Vitellaria begin considerably preequatorial. 

C!. Vitellaria broken in continuity in ovarian zone; excretory canals unit , 

posttesticular to form median stem; ceca zigzag; genital papilla pro 
jects from floor of genital atrium...........-.-.-+.5- A. bulbosa (p. 

C*. Vitellaria unbroken; excretory canals unite in testicular zone; ceca zig. 
zag; genital papilla projects from and forms dorsal wall of genita 
SEIU Tis otk ER LU ae, ae eee eee A, acuminata (p. 17 

In order to facilitate comparison and for a better understanding o 
the relationship of the species of the group, it will be convenient to give 
a diagnosis of the type of the genus before proceeding with the 
description of the remaining species. 

AZYGIA LUCII (Mueller, 1776) Luehe, 1909. 

[Fig. 7.] 

1776: Fasciola luciit Mueller, 1776. 

1782: Planaria lucit (Mueller) Goeze, 1782a. 

1800: Distoma lucii (Mueller) Zeder, 1800. 

1802: Fasciola tereticollis Rudolphi, 1802b. 
1809: Distoma tereticolle (Rud.) Rudolphi, 1809. 
1832: Distoma rosaceum Nordmann, 1832a. 
1899: Azygia tereticollis (Rud.) Looss, 1899b. 
1904: Azigia tereticolle (Rud.) Stafford, 1904. 

Sprciric pIAGNOsIS.—The characters of the genus. Body 10-30 mm. long, bj 
scarcely more than 1.5 mm. wide. Cuticle 20 » thick. Acetabulum at about june 
tion of cephalic with second fourth of body length. Pharynx approximately cylir 
dric; esophagus very short; ceca extend almost to caudal margin. 

Male organs: Testes in a zone at junction of middle with caudal third of body 
length; their zones separate, fields coincide. Cirrus sac very thin walled; ductt 
ejaculatorius discharges separately from metraterm at vertex of genital papilla 
Genital papilla, conical, projects from dorsal wall of a roomy distensible atrium 
protrusile cirrus absent. 

Female organs: Ovarian zone separate from testicular zone; ovary median, gene all 
smaller than the testes. Uterine coils do not encroach on cecal fields. Vitellari 
extend through about two-fifths of the body length, from a point about the acetabul: 
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diameter postacetabular to a point not materially caudad of the plane of the caudal 
margin of caudal testis, not broken in continuity. 
Egg: 45 by 23 p. 

Exeretory system: Longitudinal canals unite immediately posttesticular to form 
median, beaded, tubular, excretory vesicle. 
Hasirar. Reonhaous and stomach of Lucius lucius J. & E. (type host), Lucius 

reticulatus J. & E., Lucioperca sandra Cuv., Salmo fario L., Salmo hucho L., Salmo 
trutta L., Salvelinus alpinus J. & E., Lota vulgaris Cuv., Lota maculosa J. & E., Amei- 
urus lacustris J. & E., Perca flavescens J. & E., Thymallus vulgaris Nilss. 

AZYGIA ACUMINATA new species. 

[Figs. 8-10.] 

Speciric piacnosis.—The characters of the genus. Body 6 to 9.3 mm. long, dorso- 
ventrally slightly compressed, bowed with concavity ventrad, with rounded cephalic 
and pointed caudal extremity. Cuticle unarmed, on venter about 7.5 in thickness 
and on dorsum about 11.5 4. Body is constricted in a zone acetabular or slightly 
preacetabular in position and this marks junction of fusiform cephalic with tongue-like 
saudal body portion; maximum transverse diameter slightly postacetabular. Ace- 
fabular aperture one-fourth to one-third of body length from cephalic margin. 
genital pore in mid-ventral line, slightly cephalad of acetabular aperture. Oral 
sucker larger than acetabulum and with thick layer of meridional fibers in ventral wall; 
prepharynx absent. Esophagus inverted Y shaped, short, directed dorsad; origin of 

seca in pharyngeal zone marked by sphincter-like constriction. Ceca arch into suc- 
orial zone then pass caudad in a zigzag course to end quite near caudal margin. 
Male organs: Testicular zone at junction of third with caudal fourth of body length. 

Pestes one obliquely caudad of the other, with zones only slightly separated, abutting 
x slightly overlapping and with fields overlapping considerably. Caudal testis 
lightly the larger and more nearly axial in position. Testicular surface without 
nfoldings. Cirrus sac very thin, delicate walled. Ductus ejaculatorius joins with 
netraterm to form ductus hermaphroditicus; latter discharges at vertex of a conical 
japilla into distensible genital atrium; protrusile cirrus not present. Genital papilla 
rojects ventrad into and forms dorsal wall of genital atrium. 

Female organs: Ovarian zone immediately cephalad, abutting or overlapping 
lightly zone of cephalic testis. Ovary nearly axial in position, slightly smaller than 
ephalic testis. Shell gland smaller than ovary and close to dorsal pole of latter. 

Jterus forms transverse coils, does not encroach on cecal fields. Metraterm longer than 
‘irrus pouch. Pore of Laurer’s canal in post-ovarian zone. Vitellaria extracecal 
etween plane of lower margin of acetabulum and a plane about midway between 
audal testis and ends of gut, not broken in continuity; caudal ends quite asymetrical 
is to level. Transverse vitelloducts pass dorsally of excretory canals and ventrally of 
ntestines. 

Egg: Uterine egg 64 to 69 » by 30 to 32 p. 
Execretory system: Excretory system in form of a Y; longitudinal canals unite in 

esticular zone; median stem tubular; excretory pore oma: terminal. 

iasrrar.—Stomach of Amia calva (type host) from Lost Lake, Indiana (type 
ocality). 
Tyrz.—U.S. P. H. & M. H.S. No. 10500. 

SOURCE OF MATERIAL.—The material available for study consists 
af 13 specimens bearing the U.S. P. H. & M. H.S. No. 10500. The 
vorms were collected in 1906 from the stomach of Amia calva from 

Lost Lake, Indiana, and formed part of the collection of parasites, 
uready mentioned, in which L. microptert was included. 

56668°—Bull. 71—11——2 
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EXTERNAL CHARACTERS. 

Size.—Three specimens in glycerine-alcohol varied between 6 mn 
and 9.3 mm. in length. A specimen 8 mm. in length measures 2 mm 
in maximum transverse diameter in frontal sections. 
Cotor.—In glycerine-alcohol the specimens are of an olive-gree 

tint. 
Form.—In all the specimens the longitudinal axis is more or les 

sharply curved with the concavity ventral. Accordingly the venter 

is concave longitudinally but convex transversely, while the dorsum 
is convex, both longitudinally and transversely. The worms are 
elongate bodies with a rounded cephalic and pointed caudal extremity, 
The body is marked by a slightly constricted zone which is acetabular 
or slight preacetabular in position. This constriction is particularly 
noticeable on ventral view, and breaks the continuity of the longi 
tudinal convexity of the lateral margin (fig. 8). The portion of thé 
worm caudad of the constricted zone has a somewhat elongate, pointed 
tongue-like form on ventral view, and is broadest in the zone immed e 

ately postacetabular or, with respect to the worm, in a zone slightly 
preequatorial. The cephalic portion of the worm forms about one- 
fourth of the total length; it is somewhat fusiform or cylindrical in 
outline on ventral view and its maximum width is noticeably less 

than that of the caudal portion. & 

Surrace.—The surface cuticle is unarmed, about 7.5 « thick 
on the venter and about 11.5 » on the dorsum of the worm. It is 
marked by numerous transverse sulci, particularly numerous ¢ i 
deep on the ventral aspect. These are probably due to contraction 
of the animal. On the ventral aspect of the cephalic extremity is the’ 
oral aperture. In the median line of the venter, at about the junction 
of the cephalic with the second third or fourth of the body length is 
the aperture of the acetabulum, and slightly cephalad of the cephalic 
margin of this aperture is the genital pore. The caudal extremity 
presents the excretory pore. 
AcETABULUM.—The position of the acetabular aperture has b 

indicated. In aspecimen 6 mm. long the longitudinal diameter of the 
acetabular aperture measures 0.24 mm., while that of the acetabulum 
itself measures 0.72 mm. In a specimen 8 mm. long the transverse 
diameter of the aperture is 0.3 mm. and that of the acetabulum 

q 

0.825 mm. The acetabulum is smaller than the oral sucker. | 
‘| 

INTERNAL ANATOMY. 4) 
a 

DicEstIvVE TRACT.—The oral aperture, as has been indicated, is 
ventro-subterminal in position and gives entrance into the lume 
of a well-developed oral sucker (fig. 9). In the specimen 6 mm, lor 
the maximum vertical diameter of the oral sucker measures 0.850_ 
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mm., while the thickness of its dorsal wall measures 0.105 mm. In 
a specimen 8 mm. long, while the maximum vertical diameter is 0.90 
mm., the transverse diameter at the level of the caudal margin of the 
oral aperture is 0.855 mm. In sagittal section the ventral wall is 
triangular in outline (fig.9) with the base of the triangle directed 

towards the pharynx. This basal portion in a specimen 6 mm. long 
is 0.277 mm. in maximum dorso-ventral diameter. This great thick- 
ness is due to the great development of the external layer containing 
abundant meridional muscular fibers. In form the sucker is of the 
type of that in L. micropterr. Attached directly to its base is the 
pharynx. In the specimen 8 mm. long the pharynx measures about 
0.36 mm. in maximum longitudinal, 0.36 mm. in dorso-ventral, and 
0.24 mm. in maximum transverse diameter. It is ellispoid in form 
and gives attachment at its base to a Y-shaped esophagus of the type 
described for L. micropteri, but somewhat longer. The lateral stems 
of the esophagus are continued as the intestinal ceca, the transition 
being indicated by a sphincter-like constriction more or less marked 
and by a change from a cuticular to an epithelial lining membrane 
(fig. 9). The esophagus from its point of origin is directed dorsad 
and somewhat cephalad, so that the origin of the intestinal ceca is 
within the pharyngeal zone. The ceca arch as in L. micropteri into 
the suctorial zone, then pass caudad in a very tortuous zigzag course 
to terminate about 0.315 mm. from the caudal margin in the specimen 
8 mm. long. 

GENITAL SysTEM.— Male organs: The testes are in a zone at about 
the junction of the third with the caudal fourth of the body length 
or slightly nearer the caudal margin than is the acetabular zone to 
the cephalic margin. They are placed with a slight obliquity caudad 
one of the other (fig. 8). In press preparations, in ventral view, the 
caudal testis appears to be the larger, and nearly, if not quite, in the 
axial region; the cephalic testis is always more markedly excentric, 
that is, nearer the body margin than the caudal testis. The relation 
of the testicular zones, one to the other, varies somewhat; they may 
be slightly separated, abut, or slightly overlapping. The testicular 
fields always overlap to a considerable extent. In the press prepara- 
tions the outline of the testes is oval with the major diameter in a 
transverse diameter of the worm and with the narrower pole of each 
overlapping that of the other. In one of four specimens, however, 
the caudal testis was more nearly circular in outline with the cephalic 
aspect: slightly flattened. The surface of each testis is smooth, so 
far as infoldings are concerned. A vas efferens arises from the 
cephalic aspect of each testis and passes cephalad on each side in 
close relation to the ventro-mesial aspect of the corresponding main 
longitudinal excretory canal. Eventually each vas passes medio- 
dorsad to the axial region of the body and at a point in a plane 
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slightly caudad of that of the cephalic margin of the acetabulum 
unites with the other to form the vas deferens. The vas deferen 
consists of a long coiled vesicula, a short fairly thick-walled (abou 
15 ~) musculosa having the valve-like structure at its junction 
with the vesicula and the beet-like form described for L. micropteri,— 
a short pars prostatica and a ductus ejaculatorius. With the excep: 
tion of the ductus ejaculatorius the vas deferens is inclosed in a very 
thin delicate-walled pouch (fig. 10) like that in L. micropteri. This 
pouch is elongate, ellipsoidal in form, and lies in close relation to the 
dorso-cephalic aspect of the acetabulum. The ductus ejaculatorius — 
penetrates a genital papilla to join with the metraterm in the forma-_ 
tion of a ductus hermaphroditicus that discharges into a distensible— 
genital atrium (fig. 10). The genital atrium may be regarded as the ~ 
slightly dilated distensible portion of a relatively short dorso-ventrally 
directed canal that discharges at the genital pore. This dilate d : 
portion is itself apparently subdivided by a circular projection of the 
inclosing wall into a smaller dorsal and a larger ventral chamibal 4 
This is probably due to a folding of the chamber wall. The dorsal — 

chamber is simply a very narrow slit inclosing the conical genital 
papilla that projects from its dorsal wall. In a series of sections this — 
dorsal wall or vertex of the papilla is 0.12 mm. from the surface. f 

testis. Although both the testes on the one hand and the ovary and | 
shell gland on the other may be said to be in the axial body region, one 
caudad of the other, it should be noted that the former are ventral of — 

the main longitudinal excretory canals as these shift dorso-caudad. 
The ovary in ventral view is elliptical or oval in outline, slighth 
smaller than the cephalic testis and very nearly if not quite in the - 
median sagittal plane, bearing about the same relation to this plane 
as the caudal testis. In one of four press preparations the ovary be 
exactly the same relation to the testes as that in Hassallius hassalli; 
that is, it is within the zone of the cephalic testis. The shell gland is” 
smaller than the ovary and is placed close to the dorsal pole of the 
latter; its zone is entirely within that of the ovary. The ovidu 
springs from the dorso-cephalic aspect of the ovary curves and passes 
caudad over the right transverse vitello-duct between the ovary and 
the shell gland. It penetrates the shell gland on its ventral aspect to 
unite with the common vitello-duct in the formation of the ootype. 
Laurer’s canal leaves the oviduct immediately cephalad of the plane 
of the transverse vitello-duct and then accompanies the continuation — 
of the oviduct caudad, continuing in this course after the latter 
plunges into the shell elarith Later it curves dorsad, skirting the 
caudal aspect of the shell gland; eventually it passes dorso-cavidalt iO 
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reach the dorsum at a point in a plane a little caudad of that of the 
caudal margin of the ovary. A receptaculum seminis is absent. The 
vitellaria consist of a moderate number of well-developed globular 
follicles in the extracecal fields. They extend from about the level of 
the caudal margin of the acetabulum toa plane about midway between 
the caudal margin of the caudal testis and the cecal ends of the intes- 
tines. Their cephalic extremities are much more nearly symmetrical 
than their caudal ends; that is, they are more nearly in the same 
transverse plane. Their zones may or may not abut that of the 
acetabulum or one may overlap the acetabuluar zone slightly and the 
other fall a little short of it. In all of the specimens examined the 
caudal ends of the vitellaria were in transverse planes considerably 
separated one from the other. The usual arrangement found is for 
the gland of the right side to extend a distance about equal to the 
vertical diameter of the caudal testes post testicular and that of the 
left side to fall short of reaching the plane of the cecal end of the left 
gut by about the same distance (fig. 8). There appears to be no 
definite break in the vertical continuity of either gland such as occurs 
in Azygia bulbosa. From each gland a duct passes inward with a 
slight tilt caudad between the intestinal ceca and the longitudinal 
excretory canals to unite with its fellow in the formation of a vitelline 
reservoir between the ovary and shell gland and slightly to one side 
of the latter. From the vitelline reservoir a duct passes to the shell 
gland, skirting its left latero-caudal aspect to penetrate its dorsal 
aspect, uniting as already mentioned with the oviduct in the forma- 
tion of the ootype. The uterus emerges from the right latero-cephalic 
aspect of the shell gland (in one series of sections) and at once forms 
coils in the area laterally and dorsally of the gland, some loops dipping 
slightly caudad of the level of emergence but not passing beyond the 
caudal limit of the zone of the shell gland. The uterus passes ceph- 
alad, its coils filling the intercecal area but not trespassing on the 
cecal fields. As it enters the acetabular zone these coils become less 
complex and less crowded finally at a point a little caudad of the 
cephalic margin of the acetabulum and slightly caudad of thebase of 
the cirrus sac it iscontinued as the metraterm which passes cephalo- 
ventrad in a sinuous course between the acetabulum and sac to pene- 
trate the genital papilla and unite with the ductus ejaculatorius, as 
already described. 
gg: The uterine egg measured at favorable points in sections is 

about 64 to 69 in length by 30 to 32 in width. 
EXORETORY SYSTEM.—The excretory system is well developed. The 

longitudinal excretory canals begin close to and laterally of the oral 
sucker in about the plane of the cephalic margin of the latter. The 
first part of their course caudad is quite like that in L. micropteri. 
In the latter part they take up a position near the ventro-mesial 
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aspect of the corresponding gut and help to mark the ventro-latera: 
limits of the uterine area. As they pass through the ovarian zone they 
gradually shift medio-dorsad, and finally in the dorsal part of the 
testicular zone unite to form a large median canal. This continues 
caudad in the axis of the worm to terminate by a relatively short 
slender duct at the caudal pole. The system is therefore in the form 
of a Y with a relatively short median stem, which may be regarded as 
an excretory vesicle, though it is not notably roomy as compared with 
the terminal portions of the longitudinal canals. The caliber of both 
the paired canals and median stem is not uniform; there are con 
strictions and dilations here and there in their continuity, bringing 
about a beaded effect. 

AZYGIA BULBOSA new species. 

[Figs 11-14.] 

SPECIFIC DIAGNOSIS.—The characters of the genus. Body 4 to 9.6 mm. long, margins 
approximately parallel, cephalic pole rounded, caudal end bulbous and rounded but 

less bluntly. Cuticle unarmed, about 7.5 » thick. Acetabular aperture about one- 
fifth to one-fourth of body length from cephalic margin; acetabulum smaller than oral — 
sucker and aperture of former smaller than oral aperture. Genital pore in mid-ventral 

line, slightly cephalad of acetabular aperture. Oral sucker with, at most, moderate 
development of meridional fibers in ventral wall. Esophagus inverted Y-shaped, 
directed dorso-cephalad. Origin of ceca in pharyngeal zone. Ceca arch into suctorial 
zone pursue a tortuous zigzag course, caudad terminating very close to caudal margin. 

Male organs: Testicular zone about one-fourth to one-third of body length from 
caudal margin; testes one directly caudad of the other with slight obliquity, their 
zones overlapping slightly and fields to a very considerable degree, almost coinciding, 
caudal testis the larger. Testicular surface without infoldings. Cirrus sac thin 
delicate-walled. Ductus ejaculatorius discharges separately from metraterm, or per- 

haps by a porus hermaphroditicus. Protrusile cirrus absent. Cylindrical to nipple- 
like genital papilla present, projects cephalad from floor of distensible atrium. 

Female organs: Ovarian zone cephalad of and overlapping slightly the testicular 
zone. Ovary as large or larger than cephalic but smaller than caudal testis. Shell 
gland smaller than ovary and dorso-cephalad of it. Oviduct may present a short 
dilated segment—a physiological or pseudo-receptaculum seminis. Vitellaria ventro- 

lateral of ceca extend from a point about equal to the diameter of acetabulum pos t- 
acetabular to a point slightly farther than halfway from testicular zone to cauda 
margin of worm, present as a rule a bilateral or unilateral break or interval in thei 

continuity in are their equator corresponding in position and more or less in leng h 
to vertical diameter of ovarian zone; caudal ends substantially at same level. Por 
of Laurer’s canal on dorsum at variable level, cephalad of, in zone of, or caudad of 
shell gland. Uterine coils do not encroach on cecal fields; metraterm longer that 
cirrus pouch. 

Egg: Uterine egg about 56 by 25 p. 

Excretory system: Longitudinal canals unite somewhat post-testicular; median stem 
discharges into dorso-cephalic aspect of a roomy excretory vesicle. Excretory vesicle 

distends caudal part and produces transluscent bulbous extremity. 
Hasirat.—The stomach of Amaia calva (type host) at Lake Maxinkuckee, Indiatil 

(type locality). ; 

Tyre.—U.8.P. H. & M. H.S. No. 10502. Cotypes Nos. 10498, 10499, and 10501 
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SOURCE OF MATERIAL.—This species is represented by specimens 
aring the U. S. P. H. & M. H. S. Nos. 10498, 10499, 10501, and 

10502, that were collected from the stomach of ‘Ariohes ealva at Lake 
Maxinkuckee, Indiana, in 1906, and formed part of the collection of 
parasites already veforved to. 

EXTERNAL CHARACTERS. 

Size.—The worms vary in length from 4 to 9.6 mm. <A specimen 
measuring 7.3 mm. in length is 0.975 in maximum width as measured 
in frontal sections of the worm. 
CoLor.—Some of the specimens are of an olive-green tint, others 

of a grayish-ivory. The position of the vitellaria is indicated by 
lark lateral lines and that of the uterine coils by a dark area. 
Form.—The worms are elongate bodies with approximately par- 

ullel margins and rounded extremities (fig. 11). Some of the worms 

show a slightly constricted zone in the region immediately preace- 
tabular, but this does not appear to be as common nor as marked a 
sharacter as in Azygia acuminata. Some of the worms instead of par- 
allel margins show a more or less well-marked tendency to diminu- 
jlion in width in the direction of the caudal pole, which, however, is 
always rounded, though perhaps less bluntly than the cephalic, and 
sontrasts notably with the pointed caudal pole of Azygia acuminata. 
In some specimens the caudal pole is distinctly bulbous from disten- 
tion of the excretory vesicle. Transverse sections in the equatorial 
region of the worm are elliptical in outline. 
-SurFace.—The surface cuticle measuring about 7.5 in thickness 

s unarmed. The ventral aspect of the cephalic extremity presents 
the oral aperture. In the median line of the venter about one-fifth 
(0 one-fourth of the body length from the cephalic margin is the 
ucetabular aperture, slightly cephalad of which is the genital pore. 
At the vertex of the caudal extremity is the excretory pore; in some 
of the specimens this is at the bottom of a more or less marked 
ndentation. 
AcETABULUM.—The position of the acetabular aperture has been 

ndic¢ated; it is slightly smaller than the oral. In a specimen 8 mm. 
ong the acetabulum measures about 0.585 mm. in both transverse 
und longitudinal diameters. 

INTERNAL ANATOMY. 

DIGESTIVE TRACT.—The ventro-subterminal oral aperture admits to 
the cavity of the oral sucker. In a specimen 6.6 mm. long the oral 
sucker measures 0.72 mm. in maximum longitudinal diameter. Ina 
specimen about 8 mm. long the maximum longitudinal diameter of the 
sucker is about 0.63 mm. These measurements are to some extent 
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dependent on the degree and direction of contraction of the sucker itsell 
at the time of fixation. In sagittal section the ventral wall of the sucker 
(fig. 12) resembles that of Azygia acuminata in outline, but differs from 

the latter in the comparatively slight development of the external 
layer containing the meridional fibers. In the specimen 6.6 mm, 
long the maximum dorso-ventral diameter of this part of the oral: 
sucker is 0.21 mm. The oral sucker is succeeded by a well-developed 
muscular pharynx measuring 0.39 mm. in longitudinal, 0.255 mm. in 
transverse, and 0.30 mm. in dorso-ventral diameter in the specimen 
6.6 mm. long. It is succeeded by a short inverted Y-shaped esoph- 
agus similar to that in Azygia acuminata. The esophagus passes dorso- 
cephalad, skirting the caudo-dorsal aspect of the pharynx. Its rami 
are directed cephalo-laterad and are continued as the intestinal ceca, 
The change from esophagus to gut is marked by a sphincter-like 
constriction (fig. 12) in the lumen as if due to a sphincter and by a. 
change in the character of the lining membrane as in Azygia acuminata, 
The beginning of the ceca is therefore in the pharyngeal zone. The 
intestinal tubes arch cephalad and outward into the suctorial zone, 
then pass in a tortuous zigzag course caudad to terminate very close 
to the caudal margin. The topography of the digestive tract and 
the course of the ceca is precisely as in Azygia acuminata; the cecal | 
ends of the gut, however, are nearer the caudal margin than in the 
latter. In a specimen 7.3 mm. long the ceca terminated at a point 7 
0.09 mm. from the caudal margin. 

GENITAL SySTEM.— Male organs: The testes are in a zone slightly 
farther removed from the caudal margin than is the acetabular 
aperture from the cephalic margin; that is, about one-fourth to one- 
third the body length from the caudal margin. The testes are imme-_ 
diately caudad one of the other but with a slight obliquity. This — 
obliquity is decidedly less marked than is the case in Azygia acuminata. — 
The caudally placed testis appears in press preparations always to be 
the larger. The testes may be in close apposition or slightly separated 
but their zones always overlap to some degree. ‘Their fields do not 
quite coincide. ‘The surface of the testes is without infoldings. The 
vasa efferentia must be very delicate structures for in none of, the 
sectioned specimens could they be satisfactorily traced. A cirrus” 
pouch of the type described for Azygia acuminata is present. It is 
located (fig. 12) close to the dorso-cephalic aspect of the acetabulum 

and incloses a long coiled vesicula, a short beet-shaped musculosa, 
and a prostatica. The prostatica is continued as a ductus ejacula- 
torius. This penetrates a prominent genital papilla and discharges 
independently immediately cephalad of the vaginal pore, or (%) 
through a porous hermaphroditicus at the vertex of the papilla (fig. 
13) into a distensible genital atrium. The genital papilla is a some 
what cylindrical or nipple-like structure (fig. 13) resembling that of 
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Hassallius hassalli and like the latter rises from the dorsal portion 
of the floor of the atrium and points cephalad or cephalo-ventrad. 
When not distended with eggs the atrium walls embrace the papilla 
and are in contact so that there is only a potential dorso-ventral 
passage discharging at the genital pore (fig. 12). Measured in sagittal 
sections the dorsal wall of the collapsed atrium is about 0.345 mm. 
from the ventral surface, and in one slightly distended it is 0.262 mm. 
from the surface. A protrusile cirrus is not present in this form. 

Female organs: The ovary is cephalad of and in close apposition to 
the cephalic testis, the zone of the one overlapping to a variable but 
never to any considerable degree that of the other, their fields nearly 
coinciding. In size it is intermediate between the two testes and 
like them it is somewhat polyhedral in form and without infoldings 
of the surface. Close to its dorso-cephalic aspect sometimes either a 
little to the right or to the left is the somewhat smaller, compact 
shell gland. An oviduct springs from the cephalic aspect of the 
ovary and arches cephalad toward the shell gland then turns caudad 
between the gland and ovary. As it is about to penetrate the shell 
land it gives off Laurer’s canal. Laurer’s canal describes a variable 
course in its passage to the dorsum where it terminates at a point 
immediately cephalad of the shell gland, in the zone of the shell gland, 
or slightly caudad of it. Asin ZL. micropteri, a short segment of the 
proximal end of the canal is dilated into what may be regarded as a 
physiological or pseudo receptaculum seminis. The vitellaria are 
ventro-laterad of the ceca and extend from a point in a transverse 
plane about the length of or slightly more than the acetabular diam- 
ater postacetabular to a point in a plane about or a little farther 
caudad than midway between the caudal margin of the caudal testis 
and the caudal margin of the worm. The cephalic and caudal ends 
are substantially symmetrically placed. In most of the specimens 
both vitellaria present a well marked break or interval in their conti- 
nuity at about their equator; that is, at about the level of the ovarian 
zone. ‘The interval varies in extent. It may equal or slightly exceed 
the ovarian zone. In some instances the break appears to involve 
only one of the glands; in a small minority of specimens neither gland 
presents such an interval. Secondary or minor breaks in the vitellaria 
especially in the postovarial segments occur in some specimens. The 
transverse ducts from these glands unite to form a vitelline reservoir 
close to the shell gland, the relation between the two being somewhat 
variable. ‘The course of the transverse vitelline ducts could not be 
traced so that their relation to the excretory canals and ceca can not 
be stated. A common vitelline duct leaves the reservoir and pene- 
trates the shell gland. The uterus emerges from the cephalic pole of 
this gland and at once forms coils, some loops of which are tucked 
down laterally and dorsally of the gland. The distended coils of the 
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uterus fill the intercecal area between the level of the shell gland and 

base of the cirrus sac. They do not encroach on the cecal fields. 
The terminal portion of the uterus or metraterm begins a little caudad 
of the base of the sac, passes ventro-cephalad between the acetabulum 
and the pouch to penetrate the genital papilla at the vertex of which 
it discharges either independently or perhaps (?) through a pore in 
common with the ductus ejaculatorius. 

Egg: The uterine egg as measured at favorable points in sections 
is somewhat smaller than that of Azygia acuminata, being about 56 
by 25y. 3 
EXcRETORY SYSTEM.—The longitudinal excretory canals can be 

traced from a point on each side of the oral sucker at about the level 
of the cephalic margin of the oral aperture. They describe substan- 
tially the same course caudad as in Azygia acuminata until they reach 
the ovarian zone. Here, instead of tending obliquely dorsad as in A. 
acuminata, they maintain their direct course caudad in close relation to 
the inner aspect of the corresponding gut embracing within their — 
interspace the ovary and then the testes. They unite not in the — 
testicular zone but slightly caudad of it (fig. 11). The median canal — 
thus formed passes caudad in about the axial region until it reaches | 
about the level of the caudal ends of the vitellaria where it discharges 
into the dorso-cephalic aspect of a roomy vesicle (fig. 14) resembling 
that described for Azygia loossii by Marshall and Gilbert. This vesicle — 
when distended causes the bulbous form of the caudal end. The 
distention affects the ventral aspect particularly, the distended vesicle _ 
being nearer the ventral than the dorsal surface (fig. 14), and gives 
this part of the worm a transluscent blister-lke appearance (par- 
ticularly ventrally). The excretory vesicle discharges by a short duct 
at the vertex of the caudal pole. 

- AZYGIA LOOSSII Marshall and Gilbert, 1905. 

[Figs. 15-16.] 

SPECIFIC DIAGNOSIS.—The characters of the genus. Body slender, oblong-ovate, — 
5 to 6.7 mm. long by 0.5 mm. broad, cephalic pole not so pointed as caudal. Cuticle 

15 thick. Acetabular aperture slightly preequatorial smaller than oral aperture | 
Esophagus inverted Y-shaped, about as long as pharynx. Ceca substantially straight 
tubes, begin post-pharyngeal, pass directly caudad, terminate slightly short of caudal. 

margin. 
Male organs: Testicular zone about one-seventh to one-eighth of body length from _ 

caudal margin. Caudal testis slightly cephalad of dome of excretory vesicle. Testis 
globular with zones and fields overlapping. Caudal testis more nearly median in 
position and very near dome of excretory vesicle; surface of testes without infoldings. 

Cirrus sac with delicate, ill-defined walls. Ductus ejaculatorius discharges separately _ 

from metraterm. Protrusile cirrus absent. Large conical genital papilla projects 

ventro-cephalad into roomy genital atrium. 
Female organs: Ovarian zone cephalad of and separate from or overlaps testicular 

zone. Long (transverse) diameter of ovary exceeds that of either testis. Shell gland — 

dorso-cephalad of ovary. The uterine coils do not encroach on cecal fields; metra- 
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term longer than cirrus pouch. Vitellaria extracecal extend from a little post-acetab- 
ular to about midway between caudal testis and caudal margin of worm. 
Egg: Uterine egg measures about 55 by 33.7. 
Excretory system: Longitudinal canals discharge separately into a roomy excretory 

vesicle. Dome of excretory vesicle only a little post testicular. Excretory pore 

caudo-terminal. 
Hasirat.—Mouth and stomach of Micropterus salmoides (type host), Lucius lucius, 

and Ama calva from Madison Lakes and Round Lake, Wisconsin. 

Coryrr.—U.S. P. H. & M. H.S. No. 10679 (mounted and sections). 

SOURCE OF MATERIAL.—Professor Marshall was good enough to 
donate several mounted and two sectioned specimens of Azygia loossii 
to the Hygienic Laboratory collection. I have therefore been able to 
compare this species with A. acuminata and A. bulbosa. As a result of 
this comparison I am able to add some points to the rather brief 
description given by Marshall and Gilbert. 

EXTERNAL CHARACTERS. 

SIZE AND FORM.—Marshall and Gilbert describe their fluke as ob- 
long-ovate in form, with the cephalic end not so pointed as the caudal; 
5 to 6.7 mm. long and 0.5 mm. broad. These measurements are pre- 
sumably of specimens in alcohol, for one of the mounted and one of 
the sectioned specimens donated by Professor Marshall both measure 
4mm. in length. In form (fig. 15) it comes nearer to A. bulbosa 
than A. acuminata, but is obviously more slender than either, and in 
ventral view its margins appear more nearly parallel than is the 
case in A. bulbosa. 
-SurFAce.—The cuticle is unarmed. It measures about 15y in 

thickness and is, therefore, somewhat thicker than in either Azygia 
bulbosa or A. acuminata. The acetabular aperture is only slightly pre- 
equatorial in position differing markedly in this respect not only 
from A. lucit, as noted by Marshall and Gilbert, but also from A. 
bulbosa and A. acuminata. The genital pore is slightly cephalad of the 
cephalic margin of the acetabular aperture, in the same relative 
position as in luci, bulbosa, and acuminata. 
ACETABULUM.—The position of its aperture on the ventral surface 

has been indicated. In a sectioned specimen about 4 mm. long 
the vertical diameter of this sucker is 0.30 mm. and of its AP aAGM: 
about 0.09 mm. 

INTERNAL ANATOMY. 

_ Digestive Tract.—The oral aperture is terminal in position (fig. 
15), but in a plane directed obliquely ventro-caudad, so that at first 
thought it appears ventro-subterminal. 

Marshall and Gilbert state that the oral sucker is 0.425 mm. in 
diameter. In the series of sections already referred to the oral sucker 
measures 0.33 nm. in vertical and 0.315 mm. in dorso-ventral diame- 
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ter and its (oral) aperture 0.195 mm. in dorso-ventral diameter. In 
sagittal section the ventral wall of this sucker (fig. 16) is oval in out= 
line with the broadly rounded pole at the base; the segment of th 
oval line limiting the suctorial cavity is slightly flattened. Thi 
part of the sucker, in its outline and structure, comes decided] 
nearer A. bulbosa than A. acuminata. The oral sucker is succeeded | 
by a well developed pharynx which Marshall and Gilbert state i, 
0.15 mm. wide. In the sections of the 4 mm. specimen alread} 
mentioned the vertical and dorso-ventral diameters are about equa 
and measure about 0.14 mm. In their description of this worm 
speaking of the esophagus, Marshall and Gilbert state that “th 
esophagus, if present, is very short and not readily distinguished, the | 
intestinal ceca appearing to arise directly from the pharynx.” In 
the sections before me an inverted Y-shaped esophagus about as_ 
long as the pharynx and of the type described for A. bulbosa ane 
acuminata can be clearly made out (fig. 15), and asin A. bulbosa anc 

acuminata the transition from esophagus to gut is marked by a con 
striction as of a sphincter and by the usual change from cuticle to 
epithelium in the lining membrane. The first portion or median 
stem of the esophagus passes directly caudad, but the forks or pairec 
stems bend and pass dorsad in slightly separated planes. The cecé 
begin in a plane immediately post pharyngeal and at first curve 
latero-caudad, then pass directly caudad without arching into the 
pharyngeal zone, as is described and pictured by Looss for A. lucy 
(fig. 7), and still less into the suctorial zone as occurs in bulbose 

and acuminata. In a toto preparation 4 mm. long the cecal ends fell - 
short by 0.135 mm. of reaching the caudal margin. In this respect, 
therefore, this worm is very much nearer A. acuminata than A. bulbosa. 
The ceca in this form, as pointed out by Marshall and Gilbert, are_ 
much straighter than pictured by Looss for A. lucii, and very decid= 

edly more than in A. acuminata or A. bulbosa. In fact, the ceca in 
the form under discussion are practically straight tubes. 

GENITAL SYSTEM.— Male organs: The testes are described by Mar- 
shall and Gilbert as 0.125 mm. in diameter, placed one behind the 
other in the posterior part of the body, generally a little diagonally 
the posterior being the more constant in its median position an 
separated from each other by a distance not so great as the diamete 
of either one. In the toto mounts before me I find that the tes 
are globular in form without infoldings of the surface and are in a 
zone about one-seventh to one-eighth the body length from th 
caudal margin, and, therefore, relatively much farther caudad than: tT 
A. lucii, acuminata, or bulbosd, In none of the five specimens befor 
me are the testes separated to the degree described and pictured by 
Marshall and Gilbert. In all of these the testes are close one t 
the other, with zones and fields that overlap to some degree. TE 
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saudal testis is slightly cephalad of the dome of the excretory vesicle 
»etween the somewhat converging terminal portions of the excretory 
sanals. The copulatory apparatus conforms to the type described 
or A. acuminata and A. bulbosa. The cirrus sac is placed near the 
lorso-cephalic aspect of the acetabulum. Its wall is quite delicate 
ynd ill-defined and seems to inclose all but the terminal segment of 
she vas deferens. ‘The ductus ejaculatorius penetrates a large con- 
cal papilla and discharges into a relatively roomy genital atrium 
fig. 16) by a pore that Marshall and Gilbert interpret as just cephalad 
yf the opening of the vagina. The genital papilla projects into the 
inus from what may be regarded as the dorsal wall of the latter. 
ts major axis, however, instead of being directed dorso-ventrally, 
is in A. acuminata, is directed obliquely ventro-cephalad. 
Female organs: Marshall and Gilbert describe the ovary as in part or 

ntirely in front of the anterior testis, ovoid in form and slightly larger 
han either testis, its long diameter lying at a right angle to the long 
ixis of the fluke. ‘‘A short oviduct passes anteriorly and is joined by 
yaurer’s canal; then passing forward for a short distance, it turns 
yackward through the shell gland.” The shell gland is a compact. 
ody that lies close to the dorso-cephalic aspect of the ovary. In 
he available preparations, the path and termination of Laurer’s 
anal can not be traced. The vitellaria, consisting of a moderate 
umber of follicles, are extracecal and extend from a point a little, 
bout half the acetabular diameter, postacetabular to about mid- 
vay between the caudal margin of the caudal testis and the caudal 
nargin of the worm. The uterine coils occupy the intercecal area 
yetween the plane of the cephalic margin of the ovary and about 
he equatorial plane of the acetabulum. At about the latter level 
he metraterm begins; it passes cephalo-ventrad between aceta- 
dulum and cirrus sac, penetrates the genital papilla to discharge at 
ts vertex into the genital atrium. 
Egg: Measured at what were judged to be favorable points in 

ections, the uterine egg is about 55 by 33.7y. 
EXCRETORY SYSTEM.—This is described by Marshall and Gilbert as 

ollows: 

A short narrow duct leads from the terminal excretory pore into the short broad 
ladder which does not extend in front of the posterior testis. In all the specimens 
f this fluke, when living, the bladder was swollen and distinctly seen, allowing us 
0 separate this from other flukes by the large, bright swelling which appeared in the 
osterior end of the body. From the anterior margin of the bladder two long, thin 
ateral tubes pass forward into the front region of the body. These we have traced 

Imost to the pharynx. 

The excretory vesicle is roomy like that in A. bulbosa, but differs 
rom the latter chiefly in that the longitudinal canals in this form 
lischarge separately into the vesicle, whereas in A. bulbosa the 
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excretory canals unite to form a median stem and this latter unpaired 

canal discharges into the vesicle. 

RELATED SPECIES. 

Besides the foregoing a number of other species belong here or 
in very closely related genera, namely, Distomum longum Leidy 
1851, Distomum augusticaudum (Stafford, 1904), Distomum volgense 
(Linstow, 1907) Luehe, 1909, Distomum veliporum Creplin, and 

Distomum priostophori Johnston, 1902. 
* * * 

In the collection of parasites of which A. bulbosa and A. ac 
minata formed a part there were three individuals of a species that I 
believe should be regarded as representative of a new genus. 

HASSALLIUS “ new genus. 

GENERIC DIAGNOsIS.—Body small, relatively thick, spindle-shaped with rounded 
cephalic and pointed caudal end. Cuticle smooth. Acetabular aperture median, 
preequatorial, acetabulum smaller than oral sucker. Genital pore median, slightly 

preacetabular. Oral sucker and pharynx present, no prepharynx; esophagus short 
inverted Y-shaped. Ceca extend to near caudal margin. 

Male organs: Testes postequatorial, intercecal, obliquely caudad one of the other; 

zones overlap slightly, fields to a greater degree. Surface without infoldings. Thin- 
walled cirrus pouch present; no protrusile cirrus. 

Female organs: Ovary by the side and within zone of cephalic testis; ovarian zone 
cephalad of and abuts zone of caudal testis. Shell gland compact. No receptaculum 

seminis. lLaurer’s canal present. Uterus preovarian, pretesticular, and interceca 
in transverse coils. Vitellaria elongate in extracecal areas, postacetabular. 

Type species.—Hassallius hassalli new species, Indiana, U.S. A. 

This new genus aside from its external characters differs from 
Azygia in the position of the ovary, which here is by the side of, 
that is, in the same transverse plane as the cephalic testis, instead of 
cephalad of the latter, as in Azygia. It is also near to Ptychogonimus 
Luehe, 1900, but differs in the character of the genital atrium and in 

the topography of the uterus. 

HASSALLIUS HASSALLI new species. 

[Figs. 17 to 18.] 

SPECIFIC DIAGNOSIS.—The cnaracters of the genus. Body muscular, spindle-shaped, 
1.94 to 2.31 mm. long by 0.7 to 0.80 mm. in maximum breadth; transverse sections a 
equator circular to subcircular with slightly flattened venter. Cuticle about 15y thick. 
Acetabular aperture two-fifths of body length from extremity in mid-ventral line, 

smaller than oral aperture. Oral aperture ventro-subterminal; oral sucker 0.436 
mm. in transverse and 0.435 to 0.450 mm. in vertical diameter. Pharynx measures 
about 0.295 mm. in vertical and 0.165 mm. in transverse diameter, no prepharynx 

Esophagus is quite short, forked, directed dorsad; esophageal fork at level of base o 

a4 Dedicated to Dr. Albert Hassall, to whom, jointly with Professor Stiles, all helmin 

thologists are indebted for that invaluable work, the Index Catalogue of Medical an 

Veterinary Zoology. 
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pharynx. Ceca at first arch cephalad into suctorial zone, then pass caudad in a 
‘zigzag course approximately parallel to dorso-lateral aspect of body wall, terminate 
close to caudal margin. 

Male organs: Testes polyhedral in intercecal area, in immediate contact and one 

obliquely caudad of the other; occupy a zone about one-fifth body length from caudal 
“margin; vertical diameter of this zone equal to about one-ninth of body length. Cau- 
dally placed testis in axial region, the other decidedly submedian; cirrus pouch, thin- 
walled, contains vesicula, musculosa, and prostatica. Ductus ejaculatorius succeeds 
prostatica, penetrates papilla, discharges with metraterm through porus hermaph- 
roditicus into dorso-ventrally elongate genital atrium. Genital papilla relatively 
large, projects cephalad from dorsal portion of floor of genital atrium. 

Female organs: Ovary relatively large, ovoid, in zone of cephalically placed testis 
in the angle formed by the juxtaposed testes. Shell gland close to dorsal pole of ovary, 

relatively large but smaller than and entirely within the zone of the latter. Uterus 
forms coils in transverse plane, passes cephalad filling intercecal area between zone 
of ovary and shell gland and that of cirrussac. Metraterm long, begins at level of base of 
cirrus pouch. Laurer’s canal present, pore slightly preovarian. Vitellaria consist 
of an elongate aggregation of irregularly globular follicles ventro-laterad of intestinal 
ceca, extend from a little caudad of caudal margin of acetabulum to a little less than 

midway between caudal testis and caudal margin of worm. Not broken in continuity. 
Egg: Uterine egg ovoid, 48 by 26. 
Excretory system: Main longitudinal canals begin dorso-laterad of oral sucker, 

slightly caudad of cephalic margin of oral aperture, pass caudad close to inner aspect 

of corresponding gut, unite slightly caudad of caudal testis to form excretory vesicle. 
Vesicle discharges by relatively long duct; excretory pore caudo-terminal. 
Hasitat.—Stomach of Ambloplites rupestris (type host) from Lake Maxinkuckee, 

Indiana (type locality). 
Typre.—U.S. P. H. & M. H.S. No. 10525 (mounted and sections). 

SOURCE OF MATERIAL.—The description of this species is based on 
three specimens bearing the P. H. & M. H.S. No. 10525. The worms 
are from the stomach of Ambloplites rupestris, and are part of the 
collection of parasites referred to in previous connection. 

EXTERNAL CHARACTERS. 

Si1zzE.—Two of the specimens were measured in glycerine-alcohol, 

and were found to be 2.31 mm. and 2.13 mm., respectively, long and 
0.77 mm. and 0.80 mm., respectively, in greatest width. Transverse 
sections of the former specimen gave a maximum of 0.70 mm. in 
transverse and 0.52 mm. in dorso-ventral diameter. The third 
specimen, as a press preparation, measures 1.94 mm. in length by 
0.74 mm. in maximum width. 
Cotor.—One of the specimens in glycerine-alcohol was of a faint 

olive green, the other of a brownish olive green tint. 
Form.—In ventral view the worms have the appearance of short, 

plump, somewhat spindle-shaped bodies, with rounded cephalic and 
more or less bluntly pointed caudal poles. The maximum transverse 
and dorso-ventral diameters are slightly post-equatorial. The lateral 
‘margins of the postacetabular portion of the worm are gently curved, 
the body of the worm tapering toward both poles, but more particu- 
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larly toward the aboral. At or immediately cephalad of the acetabu 
lar zone the rate of curvature of the lateral margins changes, becomin 
greatly reduced or almost disappearing, this portion of the bod: 
tapering but slightly in the direction of the oral pole. Transvers 
sections in the equatorial zone are elliptical to subcircular in outline 
but with a more marked dorsal than ventral curvature; that is, th 
venter is relatively slightly flattened. 

SurFAcE.—The cuticle is unarmed, and measures 15 y in thicknes 
It is marked by numerous transverse sulci, apparently due to con 
traction of the worm. In one of the i aponane these sulci are par. 
ticularly noticeable as concentric rings around the caudal pole at 
the center of which in a dimple-like depression is the excretory pore. 
On the ventral aspect of the cephalic pole there presents the irregu- 
larly circular or elliptical oral aperture; caudad of this at about the 
junction of the second with the third fifth of the body length is the, 

somewhat smaller irregularly circular aperture of the acetabulum. 
Slightly cephalad of the acetabular aperture in the median line is the 
minute genital pore. 
AcETABULUM.—The position of the acetabular aperture has already 

been indicated. In a sectioned specimen it measures 0.11 mm. i 
longitudinal and 0.15 mm. in transverse diameter. The acetabulum 
itself in the same sections measures 0.30 mm. in longitudinal and 0.3¢ 
in transverse diameter. It is somewhat smaller than the oral sucker 

INTERNAL ANATOMY. 

DigEsTIVE TRACT.—The oral aperture, as already indicated, 
ventro-subterminal, and in a series of transverse sections measure 

0.225 mm. in transverse and 0.165 mm. in longitudinal diameter, being 
elliptical to irregularly circular in form and distinctly larger than th 
acetabular aperture. It gives entrance to the lumen of the ora 
sucker. Measured in the same series of transverse sections, the ora 
sucker is 0.485 mm. in maximum transverse and 0.435 to 0.450 mm 
in longitudinal diameter. In the press preparation the corresponding 
diameters measure 0.435 and 0.420 mm., respectively. Its form 1 
ovoid, and at its broadly-rounded base gives attachment to th 
pharynx without the intervention of a prepharynx. The ventra 
wall of the sucker is greatly thickened near its base (fig. 18). Thi 
portion presents two well-defined layers, an inner, chiefly of radiati 
with some circular fibers, and an outer of radiating and meridiona 
bundles of fibers. The pharynx is ellipsoid in form, mess 
the transversely- sectioned specimen 0.295 mm. in longitudinal ¢ 
0.165 mm. in maximum transverse diameter. In turn, the pharym: 
is succeeded by a short Y-shaped esophagus like that in L. micropteri, 
which runs directly dorsad, and the lateral stems of which are con 
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tinued as the lateral intestinal ceca. The transition from one to the 
dther is marked by a change from a cuticular to an epithelial lining. 
Because of the direction taken by the esophagus, the press prepara- 
jion gives one the impression of an entire absence of such a structure. 
Phe ceca from their origin pass cephalo-laterad and slightly ventrad, 
lescribing an arch, with the concavity caudad, that reaches a little 
sephalad of the base of the oral sucker. The ceca then pass caudad to 
erminate about 0.105 mm. from the caudal extremity as measured 
n the press preparation. The ceca describe a zigzag course approxi- 
nately parallel to the lateral and dorso-lateral aspect of the body at 
, distance of from 60 to 75 # from the surface. The loops are numer- 
yus, relatively of considerable amplitude; there is one on either side 
n the acetabular zone that is especially marked and noticeable in 
he press preparation. 
GENITAL sysTEM.— Male organs: The testes are in the caudal por- 

ion of the intercecal area, one obliquely caudad of, though in imme- 
liate contact with the other, so that both their zones and their 
ields overlap, the former slightly, the latter to a little greater extent. 
They occupy a zone whose longitudinal diameter is equal to about one- 
nth the total body length; this zone is a little less than twice its 
wn longitudinal diameter from the caudal margin of the worm. The 
audally-placed testis is in about the longitudinal axis of the worm, 

vith its long diameter (as seen in ventral view) at right angles to the 
atter; the cephalically-placed testis lies immediately either to the 
ight or to the left of the median line, with its long diameter (as seen 

entrally) obliquely to the longitudinal axis of the worm and to the 
ong diameter of the other testis. The testes are polyhedral in form, 
eing in contact not only one with the other, but with the ovary, shell 
land, and uterine coils. The vasa efferentia could not be made out 

n the specimens available for study. A cirrus pouch is present. It 
s a thin-walled sac, placed dorso-cephalad of the acetabulum and 
acloses a coiled, distended, thin-walled vesicula, a short, slightly 
oiled, thicker-walled portion, interpreted as the pars musculosa and 
, Short, straight prostatica. The latter is continued as the ductus 
jaculatorius which penetrates the genital papilla to discharge at 
ts vertex by a pore in common with the metraterm. A protrusile 
irrus is not present. 
Female organs: The ovary lies in the angle resulting from the rela- 

ion of the testes one to the other and in close apposition to both. It 
sa relatively large ovoid body, but somewhat smaller than either tes- 
is. Its zone is entirely within that of the cephalic testis, whose field 
toverlaps slightly. The oviduct springs from the cephalic aspect of 
he ovary and passes dorsad to the shell gland which it penetrates on 
ts ventro-cephalic aspect a little to the left. A compact shell gland 

56668°—Bull. 71—11——3 
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considerably smaller than the ovary lies close to the dorsal pole of the 
latter. The uterus emerges from the cephalic pole of the shell gland _ 
and at once forms coils, some loops of which dip slightly caudad lat- 
erally (right and left) of this gland. The distended coils of the uterus, 

as the latter winds its way cephalad, completely fill that portion of © 
the intercecal area between the cephalic limit of the zone occupied by 
the shell gland and ovary and the plane of the base of the cirrus’ 
pouch. At this latter level the uterus ceases to form coils and as the 
metraterm at first skirts the right lateral then the ventral aspects of 
the base of the cirrus pouch as it passes ventro-cephalad to assume a | 
position close to the left ventro-lateral aspect of the pouch. It then 
proceeds cephalad in the angle between the acetabulum and the- 
cirrus pouch until it gains the level of the cephalic margin of the ace-_ 
tabulum. Here it shifts toward the median line to assume a position — 
ventrally of the cirrus pouch and then proceeds ventro-cephalad . 
toward the genital papilla which it penetrates. A receptaculum : 
seminis can not be made out. lLaurer’s canal leaves the oviduct — 
and passes caudo-dorsad, skirting at first the ventro-caudal aspect, 
then the caudo-dorsal aspect of the shell gland as it curves dorso-— 
cephalad in its course to the dorsum which it reaches at a point 
in a plane immediately preovarian. There is a strong suggestions 

_ that the proximal segment of the canal is dilated quite like that 1 in 
L. micropteri. The ritellozene glands are well developed and con-_ 
sist of an elongate fairly compact aggregation of irregularly globular 
follicles ventro-laterad of the corresponding intestinal ceca in a zone — 
equal to about five-thirteenths of the body length. Cephalcaiay 
they begin a little (about a fourth of the acetabular diameter) | 
caudad of the plane of the caudal margin of the acetabulum and | 
caudally terminate in a plane about three times as far from the 7 

caudal margin of the worm as is the caudal margin of the acetabulum — 
from their cephalic ends, that is, a little less than half way between the 
caudal testis and the caudal margin of the worm. The level of origin — 
and that of termination are substantially symmetrical on the two sides. ; 
The course of the vitello-ducts couid not be made out. Itis clear, how-— 
ever, that they must unite at a point between the adjacent aspects of 
the ovary and shell gland where one can note a duct distended consid 
erably by vitelline cells. This is probably a vitelline reservoir. Th 
copulatory apparatus does not appear to include a protrusile cirrus, 

but is of the type of Leuceruthrus micropteri. The genital papilla 
(fig. 18) isa relatively large structure of the form of a truncated cone: 
that measures in dorso-ventral diameter 67» at the base and 53y at 
the summit and in its major axis 19” from base to summit. It pro- 
jects cephalad from the floor into and almost completely fills the dor- 
sal portion of an almost slit-like genital atrium. This atrium is 
vertically narrow, dorso-ventrally elongate space almost immediatel 
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cephalad of the acetabulum. Its dorsal wall is at about the mid- 
point between the ventral and dorsal body margin at a level in which 
the dorso-ventral diameter of the worm measures 0.487 mm. The 
extreme transverse like the extreme longitudinal diameter is just 
sufficient to contain the genital papilla. It is probably capable of 
considerable distention as in Leuceruthrus and Azygia. The atrium 
discharges by a minute pore in the ventro-median line at a point but 
very slightly cephalad of the cephalic margin of the acetabulum. 
Egg: The uterine egg appears ovoid in form and in sections at a 

favorable point measures 48 by 26p. 
_ ExoretTory systemM.—Two main excretory canals begin close to the 
dorso-lateral aspects of the oral sucker at a level slightly caudad of 
that of the cephalic margin of the oral aperture. They pass caudad; 
in their courses they come in relation to the lateral aspects of the 
pharynx, then the ventral aspects of the arch formed on each side by 
the corresponding intestine as they pass to a position close to the 
inner aspect of the latter. This relative position they maintain 
throughout the remainder of their course. They terminate by uniting 
at a point slightly caudad of the caudal margin of the caudally placed 
testis in the formation of an excretory vesicle. The latter is trans- 
versely narrow, dorso-ventrally and longitudinally elongate, prac- 
tically filling the caudal portion of the intercecal area. It discharges 
by a relatively long duct at the caudal pole. 
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ON SOME NEW PARASITIC TREMATODE WORMS OF THE GENUS 
-TELORCHIS. 

By JoserpH GOLDBERGER. 

Passed Assistant Surgeon, United States Public Health and Marine-Hospital Service. 

(Figs. 19-20.) 

The worms here to be described belong in the subgenus_ Cercorchis 
of Luehe’s genus Telorchis. 

Genus TELORCHIS Luehe, 1899. 

GENERIC DIAGNOSIS.—-Body elongate, markedly attenuate cephalad of acetabula 
zone. Cuticle with spines. Acetabular aperture midventral, considerably pre. 

equatorial. Genital pore preacetabular, submedian. Oral sucker larger than acetab 
ulum; pharynx present; ceca simple, long. 

Male organs: Testes one caudad of the other, intercecal, postuterine near cauda 
end; surface without in foldings; cirrus pouch very elongate; protrusile cirrus present 

Female organs: Ovary intercecal, in uterine zone; post acetabular; pretesticular at | 
or near base of cirrus pouch. Uterus with descending and ascending limb, interce al 

but extending into extracecal areas. Laurer’s canal present. Vitellaria in extra- | 
cecal areas, very elongate. . 

Excretory system: Excretory bladder, roomy, long, Y shaped. 

Type species.— Telorchis clava (Diesing) Luehe, 1899. 

va 

Subgenus CERCORCHIS Luehe, 1900. 

1899: Telorchis Looss, 1899}. 

SUBGENERIC DIAGNOSIS. ane characters of the genus, but uterine coils do n¢ ot 
extend extracecal. ! 

Type specIES.— Telorchis (Cercorhis) linstowi (Stossich) Luehe, 1900. 

Several species have been assigned to this genus. These, including : 
those about to be described, may be distinguished by the followin 
key: 

KEY TO THE SPECIES OF TELORCHIS. 

A‘. Ceca end in intertesticular zone. 
B'. Vitellaria entirely post ovarian; prepharynx absent; esophagus relativel} 

OWN gies a fake vice re 5 kamu hehe a aoe ee o/s bean nn T. parm 

B?. Vitellaria not entirely post ovarian, begin a little preovarian; prephar n 
present, esophagus relatively very short................-.-.---- T. po 

(36) 
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i Ceca end farther caudad, in post testicular zone. 
_ B%, Vitellaria entirely postovarian and postacetabular. 
q ©!, Cirrus pouch begins at cephalic margin of ovary; ovary about at junction of 

cephalic with middle third of body length or as much postacetabular as 
SECMIUIIIIE BS POBUOTIUNCHL. ook 6. esee cece cle cccscwcd es T’. bifurcus 

©?. Cirrus pouch begins considerably preovarian; ovary considerably more than 
one-third, about two-fifths, of body length from cephalic margin or about 
half as far post acetabular as acetabulum is postbifurcal...... T’. pleroticus 

_ Bt. Vitellaria not entirely postovarian, begin preovarian and preacetabular. 
C3, Esophagus absent; well developed prepharynx present; vitellaria extend 

L 

merougnout the length of the body..-......:....0.00......200006- T.. clava 

©‘. Esophagus present; prepharynx absent; vitellaria extend caudally to cecal 
mae or gut, ending posttesticular..-7........ 0... 0.200... 084- T. arrectus 

i 5 i ‘ . ; : ©. Esophagus present; prepharynx present; vitellaria do not extend to cecal 
ends of gut, ending pretesticular...................... T. angustus (p. 47) 

B®. Vitellaria not entirely postovarian, begin preovarian but postacetabular. 

C°, Esophagus absent; cirrus pouch begins in ovarian zone; ovary at about body 

equator and slightly cephalad of vitellarian equator... .. T. robustus (p. 44) 

C7, Esophagus present. 

D'. Cirrus pouch begins considerably preovarian. 

_ E!. Ovary at about equator of vitellaria; prepharynx present; testicular 

Seem amUGOrOVErap. |... 2-0... -...-.-2s1-e.000- T. attenuatus (p. 38) 

E?, Ovary distinctly caudad of vitellarian equator; prepharynx absent; 

testicular zones separated by one-fourth of testicular diameter. 

T. stossicht (p. 38) 

D?. Cirrus pouch begins in ovarian or postovarian zone. 

KE’. Vitellaria hardly one-fourth of body length, extend caudad to a point 

halfway from ovary to cephalic testis; prepharynx present. 7’. ercolanii 

E+. Vitellaria more than one-fourth of body length, extend caudad more 

than halfway from ovary to cephalic testis. 
. F'. Ovary at about equator of vitellaria; no prepharynx; testes abut, 

, caudal testis its own diameter from caudal margin.... 7. solivagus 

F?. Ovary considerably cephalad of vitellarian equator. 
G'. Acetabulum about one-fifth of body length from cephalic margin; 

prepharynx absent; ovary about two-fifths of body length from 

cephalic margin; caudal testis but slightly more than its own 
diameter from caudal margin; egg 46 by 19 w.. T. linstowi (p. 47) 

G?. Acetabulum about one-fourth of body length from cephalic margin; 
prepharynx present; ovary only a little less than halfway from 

cephalic to caudal margin; caudal testis about twice its own 
diameter from caudal margin; egg 33.4 by 19.4 u.. 7. nematoides 

Some of the species are as yet insufficiently described and pictured. 
In 1885 Poirier described and pictured a form from Cistudo lutraria, 

which he identified as Distomum gelatinosum Rud. In 1893 Che ne 
called attention to differences between the form described by Poirier 
and specimens of D. gelatinosum in his possession and expressed the 
opinion that Poirier’s form represented a new species. Later, appar- 
ently on the strength of this, Stossich (1895) changed the name of 
Dist. gelatinosum Poirier to Dist. poirieri. In 1904, on the basis of 
two specimens from the intestine of Emys orbicularis liebelacriste to the 
Monticelli collection, Stossich described and pictured a form that he 
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identified with Poirier’s. At the same time, however, he called atten- 

tion to certain differences between the form pictured by him and that 
by Poirier but these he thought were due either to artifacts or to 
superficial observation by Poirier. A study of Poirier’s description 
and figure and those of Stossich (1904) brings out certain differences, 
among which may be mentioned the difference with respect to the 
prepharynx which is present in Poirier’s and absent in Stossich’s 
form. The ovary in Poirier’s form is distinctly preequatorial; in 
Stossich’s, distinctly postequatorial. In Poirier’s form the acetabu- 
lum is less than one-fifth of the body length from the cephalic margin, 
whereas in Stossich’s it is slightly more than one-fourth the body 
length from the cephalic margin. Again in Poirier’s form the vitel- 
laria extend through less than one-third the body length and their 
cephalic ends, though preovarian, are nearer the ovarian than to the 
acetabular zone, whereas in Stossich’s they extend through more than 
one-third the body length and their cephalic ends, though also pre- 
ovarian, are nearer the pebtabilen than to the ovarian zone. Finally the 
ceca in Poirier’s form end in the intertesticular zone while in Stossich’s 
they extend farther caudad ending in the posttesticular zone. 

These differences, taken as a whole, appear to me too marked for 
Stossich’s ealanniate to be convincing. On the contrary it seems 
to me that they justify the opinion that the form described and de- 
picted by Stossich (1904) is distinct from Poirier’s and should be so 
considered until comparison of Poirier’s material with Stossich’s shall 
show them to be identical. Accordingly I would propose for the 
form described and pictured by Stossich the name Telorchis stossicht. 

TELORCHIS (CERCORCHIS) STOSSICHI new species. 

1904: Zelorchis poirieri (Stossich, 1895) Stossich, 1904 not Distomum poiriert Stos- 

sich, 1895. 
SPECIFIC DIAGNOSIS.—The characters of the genus. Body 10 to 11 mm. long by 

0.9 mm. wide, both poles broadly rounded, margins parallel throughout entire length 
Acetabulum slightly more than one-fourth of body length from cephalic margin. 
Genital pore mediaui, slightly preacetabular; no prepharynx; esophagus quite short; 
ceca extend posttesticular, ending close to caudal margin. 4 

Male organs: Testes large, spherical, one caudad of the other, with zones separate by 
about one-fourth of testicular diameter. Cirrus pouch begins at about the ovariat 
diameter, preovarian. 

Female organs: Ovary at junction of equacorial with penultimate fifth of body 
length; globular, somewhat smaller than testes. Uterine coils entirely intercecal 
metratrum long, to right of cirrus pouch. Vitellaria extracecal, extend from a little — 
postacetabular to slightly more than midway from ovary to copa testis; vitelline 
follicles in groups. 
Tyre.—The two specimens of the Monticelli collection, forming the basis of Stossich’s 

illustration and description. 

TELORCHIS (CERCORCHIS) ATTENUATUS new species. . 

[Fig. 19.]} 

SpEciric DIAGNOSIS.—The characters of the genus. Body subcylindrical, do 50 
ventrally flattened; cephalic extremity rounded, caudal bluntly pointed; 7.35 mm 
to 11 mm. long by about 0.93 mm.in maximum breadth. Cuticle 11 » thick, wit 
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delicate spines that are very sparse or absent around caudal pole. Acetabular aperture 
two-elevenths of body length from oral extremity in mid-ventral line; acetabulum 
about as large as oral sucker. Oral aperture ventro-subterminal; oral sucker with 
same dimensions as acetabulum; prepharynx about half as long as, and esophagus of 
same length as, pharynx; combined length of prepharynx, pharynx, and esophagus 

about twice the length of oral sucker. Esophageal fork an acute angle; intestinal ceca 
terminate close to caudal margin. 

Male organs: Testes globular to ovoid, near caudal extremity, in intercecal area, 
zones abut or slightly overlap, fields identical and slightly overlap right intestine. 
Vasa efferentia cross dorsal aspect of excretory canals. Cirrus sac extends in a loose 
spiral two-thirds of the way from genital pore to ovary; contains vesicula, prostatica, 
and cirrus; latter discharges into a genital atrium. 

Female organs: Ovary globular to ovoid, slightly smaller than cephalic testis; in 
intercecal area a little postequatorial, tending dextrad. Shell gland an ill-defined | 
dorso-ventrally elongate, loose, aggregate of cells close to caudal aspect of ovary, 
between converging excretory canals. Receptaculum seminis absent. Laurer’s 

canal present, with pore dorsal slightly caudad of plane of caudal margin of ovary. 
Uterine coils in intercecal area overlap cecal fields and in postvitellarian zone extend 
into right extracecal area; uterine and testicular zones abut; metraterm, about half 
as long as cirrus pouch, in a loose spiral sinistral of cirrus sac, discharges into genital 
atrium. Vitellaria made up of globular follicles externally, ventrally, and dorsally 
of intestinal ceca; zone extends from a little caudad of acetabular to slightly ceph- 
alad of testicular zone; right gland slightly shorter than left, shows one break in con- 
tinuity; left gland shows two breaks in continuity. 

Egg: Uterine egg 30 by 12 to 13 p. 

Excretory system: Excretory canals begin a little caudad of cephalic end of vitellaria, 

large, unite slightly caudad of shell gland, forming roomy, long vesicle; short excretory 

duct discharges by caudo-terminal pore. Excretory canals and vesicle together 
Y-shaped. 

Hasitat.—Stomach of Chrysemys marginata (type host) at Lake Maxinkuckee, 
Indiana (type locality). 

Type.—U.S. P. H.& M.H.S. No. 10523 (mounted and sections). 

SOURCE OF MATERIAL.—This species, represented by two worms 
(U.S. P.H.& M.H.S. No. 10523) from the stomach of Chrysemys 

marginata, was part of a collection of parasites from Lake Maxin- 
kuckee, Indiana, sent in 1908 by the United States Bureau of Fish- 
eries to Professor Stiles for determination. When I took up this study 
I found one of the specimens already mounted as a press preparation ; 
it presented a good picture of the general topography of the internal 

structures. The other was in glycerine-alcohol, and was sectioned by 
me to serve as a check on the first and to permit of more detailed 
study of the anatomy than was possible from the toto mount alone. 

| EXTERNAL CHARACTERS. 

S1zE.—The specimen in glycerine-alcohol measured 7.35 mm. in 
length; the mounted specimen is 11 mm. long. This measurement, 
in both instances, was obtained from a camera lucida outline. After 
sectioning the former specimen, measurements were made of the trans- 
verse diameters at the level of the acetabulum and at that of the 
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ovary; at the former level the transverse diameter is 0.645 and at. 
the latter 0.735 mm. Measurements of the transverse diameter of 
the specimen mounted as a press preparation at corresponding levels. 
give 0.57 and 0.825 mm., respectively. The maximum transverse 
diameter of this form is in a plane slightly caudad of the ovary, and 
in the press preparation measures 0.93 mm. 
Cotor.—The specimen in glycerine-alcohol was of an olive-green 

tint. 
Form.—The measurements given indicate the elongate form of this 

species (fig. 19). The body is subcylindrical, the dorso-ventral being 
shorter than the transverse diameter. ‘Transverse sections in the 
equatorial zone show an elliptical outline. The cephalic pole is trans- | 
versely rounded, the caudal bluntly pointed. The worm has its 
greatest dorso-ventral and transverse diameters in the region slightly 
caudad of the ovarian zone; from here it tapers gently toward both. 
poles, though more toward the oral. The portion of the worm ceph- 
alad of the acetabular zone, as compared with the portion caudad of. 
this zone, is distinctly more flattened. 

SurFAce.—The surface cuticle measures 11 y in thickness; it is 
armed with delicate spines that are arranged in transverse and 
oblique lines. These spines are most numerous in the cephalic 
region, less so in the middle portion, and seem almost if not quite 
absent at the caudal extremity caudad of the testicular zone. On the 
ventral aspect of the ventro-dorsally flattened cephalic pole is the 
circular oral aperture and about 2 mm. (two-elevenths of the total 

length) from the cephalic margin the acetabular aperture; the 
former appears to be slightly the larger in the press preparation. 
Slightly cephalad of the acetabular aperture and a bit to the left- of — 
the median sagittal plane is the genital pore. This is at the vertex 
of a small but distinctly bulging area. The vertex of the caudal pole 
presents the excretory pore. ‘ 

AcETABULUM.—The position of its aperture has been indicated. 
Measured in the press preparation, the acetabulum is 0.165 mm. in 
transverse and 0.15 mm. in sagittal diameter, or about the same as 
the oral sucker, except that the oral sucker is longer in the sagittal 
than in its transverse diameter. As already stated, however, the 
acetabular aperture appears in the press preparation smaller than the 
oral and is transversely elliptical in outline. 

INTERNAL ANATOMY. 

Dierestive TRACT.—As has already been indicated, the oral ape 
ture is ventro-subterminal. It leads into the lumen of an oral sucker. 
The oral sucxer is about as large as the acetabulum. From its base 
there springs a short prepharynx, which is followed by an ellipsoidal 
pharynx, measuring in the press preparation about 120 # in length by 
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about 90 in transverse diameter. The pharynx is succeeded by a 
hort esophagus, the acute angle formed by the forking of the latter 
Bing about 120 » (or the length of the pharynx) from the base of the 
pharynx. The combined length of the prepharynx, pharynx, and 
esophagus, in the press preparation, is 0.30 mm., or about twice the 
longitudinal diameter of the oralsucker. The intestinal ceca are long, 
straight, unbranched tubes running at 0.12 to 0.15 mm. from and 
approximately parallel to the lateral margins and terminate about 
0.12 mm., that is, about the length of the excretory duct from the 

caudal margin. They are for the most part flattened in the trans- 
verse diameter, though here and there their lumen takes on a more or 
less circular outline which at some points is considerably dilated. 
Measured in a transverse section at a point where the lumen is nearly 
circular and not abnormally dilated the gut is about 65 » in diameter. 
GENITAL systemM.— Male organs: The testes, two in number, are in 

the intercecal area near the caudal extremity of the worm. The 
testicular zones abut or overlap slightly, and combined are equal to 
about one-eleventh of the body length. The testicular fields sub- 
stantially coincide. The caudal margin of the caudal testis is sep- 
arated from the caudal margin of the worm (in the press preparation) 
by a distance about equal to the longitudinal diameter of this testis. 
In the press preparation the testes have a somewhat elliptical out- 
line. The cephalically placed testis lies with its long diameter in the 
transverse diameter of the worm, while the other testis lies so that 

its long diameter is in the long axis of the worm; the former testis 
also appears to be a little smaller. In sections the testes appear 
irregularly globular in form, and their fields slightly overlap the field 

of the right gut. The point of origin and first portion of the vasa 

efferentia, of which there are two—right and left—can not be made 
out in the sections, though it is clear that the right is from the caudal 
and the left from the cephalic testis. Their subsequent course, how- 
ever, can be traced. They pass cephalad close to the inner aspect of 
the corresponding intestine; gradually they tend dorsad and toward 
the median plane close to the dorso-lateral aspect of each side of the 
excretory vesicle; finally they cross the dorsal aspect of the excretory 
canals, just above (cephalad of) the formation of the vesicle to take 
a position close to the inner aspect of the corresponding excretory 
canals. They maintain this relation to the end, passing abruptly to 
the median line, and undoubtedly unite at the base of the cirrus pouch 
to form the vesicula seminalis interna. The cirrus pouch is a long, 
relatively thick-walled (7.5 ») structure, extending in a loose spiral 
slightly less than two-thirds of the way from the genital pore to the 
ovary. In the press preparation it measures 0.63 mm. in length, not 
counting the spiral turns, and 0.18 mm. (0.13 mm. in transverse sec- 
tions) in greatest transverse diameter. The latter measurement is 
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near its base, from which region it tapers gently in the directic 
toward the genital pore, so that at a point just caudad of the acetabu-. 
lum the transverse diameter is reduced to 0.135 mm. (press prepar 
tion) 0.105 mm. (transverse section). Within the pouch is first wh 
is interpreted to be the vesicula interna. This is a compactly coile 
thin-walled duct of considerable relative caliber distended with sper- 

matozoa. It is in intimate contact with the inclosing wall of t 
pouch. The vesicula is succeeded by a very loose, spirally coile 
duct of considerable length and of a greatly reduced diameter and 
caliber, having a well-developed muscular wall, lined by a wel 
marked epithelial layer. This portion of the vas deferens is not in 
direct contact with the cirrus pouch, but is inclosed by a mass of 
fairly large nucleated cells, which fill the lumen of the corresponding 
portion of the pouch. This, which perhaps corresponds to the pros: 
tatica of other forms, is in its turn abruptly succeeded by and con- 
tinued as a third or terminal rather long portion, likewise coiled in 4 
rather loose spiral. Its wall is decidedly more muscular and compact 

than that of the second portion, and in all probability represents the 
inverted cirrus. This discharges into a sinus or atrium like that of 
Fasciola hepatica in common with the metraterm. Cells like those 
described as inclosing the prostatica, but more sparse, fill the lume 
of the pouch left vacant by the inverted cirrus. 7 

Female organs. The ovary, an irregularly globular body, lies in the 
intercecal area a little postequatorial. Though approximately m 
the axial region of the worm, the major portion of its bulk is to the 
right of the median sagittal plane. It is slightly smaller than the 
cephalic testis. Immediately caudad of the ovary and in the fork 
formed by the junction of the excretory canals is the shell gland. It 
consists of a loose aggregate of cells; this mass is without a definite 
outline and is rather elongate ER yes with a slight obliquity 
from the median sagittal plane toward the right and ventrad. The 
oviduct is not clearly traceable. A receptaculum seminis is absent. 
Laurer’s canal is present, but its connection with the oviduct can ot 
be made out in the sections available for study; its pore is in the mid 
dorsal line at a point in a plane slightly caudad of that of the caudal 
margin of.the ovary. The uterus emerges from the ventral pole of 
the shell gland and at once begins to form compact coils. It is dis 
tended with eggs, some of which, measured in sections, were 30 4 D y 
about 12 to 13 4. The course of the uterus can not be traced, but 
there are indications that make it probable that its coils at first pas 
caudad, mainly in the right half of the intercecal area, to the a 
of the cephalic margin of the cephalic testis; then it turns and winds 
cephalad to the left of the shell gland and the ovary to the axial 
region of the preovarian zone, and later ventro-sinistrad of about the 
caudal half of the cirrus pouch, terminating as a fairly long, spirall 
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coiled metraterm close to the left aspect of the cirrus pouch. The 
metraterm discharges into the genital sinus. The form and dimen- 
sions of the genital atrium can not be satisfactorily studied in the 
available sections; there is, however, a suggestive resemblance to 

the sinus in Fasciola hepatica; the atrium communicates with the 
ventral surface by the genital pore. The uterine coils are distended 
with eggs, and fill the intercecal area within the indicated longitudinal 
limits, encroaching more or less on the cecal fields ventrally and to a 
lesser extent dorsally of the ceca, and at some points caudad of the 
caudal extremity of the vitellaria extend into the extracecal area. 
They lie ventrally of the excretory vesicle and between and ventrally 
of the canals. The vitellaria are in the extracecal areas, extending 
longitudinally from a little (a distance equal to the length se the caudal 
testis) caudad of the acetabulum to slightly dephialad of the plane 
of the cephalic margin of the cephalic testis. The two glands are not 
of exactly equal length, so that their ends are not in common trans- 
verse planes. The right gland does not extend quite as far cephalad 
as the left. Their continuity appears broken as shown in the press 
preparation. There are two noticeable breaks in the left and one in 
the right. The more marked break in the left gland occurs at about 
the level of the ovary, the less marked a little—about twice the 
vertical diameter of the ovary above (cephalad of) this. The break 
in the right gland is at about the same level as the lesser of the two 
in the left, and is somewhat better defined than the latter. The 
glands are formed by a moderately close aggregation of fairly numer- 
ous globular follicles that envelope the ceca ventrally, externally, and 
dorsally within the vertical limits already indicated. A transverse 
duct leaves each gland at a point slightly caudad of the shell gland, and 
passes toward the latter dorsally of the intestine and the correspond- 
ing excretory canal, to unite with its fellow close to the dorso-cephalic 
aspect of the shell gland. The common duct thus formed penetrates 
the gland but can not be traced satisfactorily in the available sections. 
EXCRETORY SYSTEM.—The excretory system is enormously devel- 

oped. Each of the main longitudinal canals begins at point at a little 
‘distance from the medio-dorsal aspect of the corresponding intestine 
in the plane of the cephalic extremity of the shorter (right) vitellogene 
gland. From the first they are of considerable caliber (60,4), and 

this gradually increases as the canals pass caudad. They maintain 
the original relation to the intestines until they terminate by uniting 
‘in the formation of an excretory vesicle at a point in a plane slightly 
caudad of the shell gland. The excretory vesicle is large and extends 
eaudad in the intercecal area dorsally of the uterine coils to the 
caudal extremity of the worm, where it gives rise to a short rela- 
tively stout excretory duct that discharges at the terminal excretory 
pore. 
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TELORCHIS (CERCORCHIS) ROBUSTUS new species. 

[Fig. 20.] 

SpEciric DIAGNOsIS.—The characters of the genus. Body, 6 mm. long, 0.945 mm. 
in maximum width; bluntly pointed cephalic, rounded caudal end. Cuticle 7.5 
thick, with transverse and diagonal rows of spines becoming sparse caudad. Aperture 
of acetabulum at junction of cephalic with second fifth of body, with genital pore a little 
cephalad and to left. Acetabulum about 0.202 mm. in diameter. Prepharyn 
present, esophagus absent. Ceca, simple tubes, terminate posttesticular close t< 
caudal margin. 

Male organs: Testicular zone forms about cephalic three-fourths of the caudal 
sixth of body. Testes caudad one of the other but separated by an interval equal 

to one-fifth of vertical diameter of caudal testis. Cirrus pouch slightly overlaps the 
ovarian zone. 

Female organs: Ovary at equator smaller than either testis. Shell gland close to 
sinsistro-caudal aspect of ovary, its zone overlapping that of latter. Uterus with 
descending limb in left half of post-ovarian and pretesticular portion of intercecal 
area and ascending limb in the right half of this area. Uterus passes ventrally of 
ovary, ventrally and to left and then dorsally and to left of cirrus pouch. Uterine 

coils encroach on cecal fields to some extent. Vitellaria unbroken, extend from a 
point the length of the vertical diameter postacetabular to a point an equal distance 
pretesticular. 

Excretory system: Large paired longitudinal canals begin at a level of caudal margin 

of acetabulum, pass caudad near mesial aspect of ceca, converge in post-ovarian zone, 
unite to form a long median canal or vesicle extending to caudal extremity; vesicle 
discharges by short, thick duct at caudo-terminal excretory pore. 

Hasirat.—Intestine of Cistudo carolina (type host), Maryland, U. 8. A. (type 
locality). 
Type —U.S. N. M. No. 7079. 

SOURCE OF MATERIAL.—The material forming the basis of this 
description consists of one mounted stained specimen forming part 
of the Stiles collection and bearing the U.S. N. M. No. 7079. The 
specimen was collected by Dr. Albert Hassall in 1893 from the intes- 
tine of Cistudo carolina in Maryland. 

EXTERNAL CHARACTERS. 

S1zE.—The specimen is 6 mm. long and 0.945 mm. in maximum 
width. 4 

Form.—The worm is an elongate body, with a rounded caudal and 
a bluntly pointed cephalic extremity. It is widest in the zone imme- 
diately post-acetabular. From this region the margins converge 
rather rapidly in the direction of the oral extremity; they converge 
also in the direction of the caudal pole, but so gradually and so 
slightly that in the ovarian zone, about at the equator of the animal, 
the transverse diameter is 0.90 mm. and in the zone of the caudal 
testis it measures 0.765 mm. 
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Surrace.—Measured at the edge of the preparation the cuticle is 
about 7.5 in thickness. It is beset with relatively, broad-scale like 
spines in transverse and diagonal rows. The spines are most abun- 
dant in the cephalic region, becoming gradually more sparse toward 
the caudal pole, while in the immediate vicinity of the excretory pore 
none can be made out. In the median ventral line at about the 
junction of the cephalic with the second fifth of the body length is the 
aperture of the acetabulum; a little cephalad and to the left of the 
acetabular aperture is the genital pore. 

AcETABULUM.—The acetabulum is irregularly circular in ventral 
view and measures about 0.202 mm. in diameter. 

INTERNAL ANATOMY. 

DicgEstTIvVE TRACT.—The oral aperture appears to be ventro-sub- 
terminal. A well-developed oral sucker is present and measures 
about 0.262 mm. in longitudinal and about 0.24 mm. in maximum 
transverse diameter. It is succeeded by a pharynx. A prepharynx 4 
is probably not present, but as in the only preparation available the 
oral sucker overlies part of the pharynx, the presence of a very short 
prepharynx can not be excluded. The pharynx appears to be at once 
succeeded by the intestines without the intermediation of an esopha- 
gus. The ceca pass caudad, to terminate in the caudal extremity, 
close to and on either side of the excretory duct. 

GENITAL systEM.— Male organs: The testes are in a zone form- 
ing about the cephalic three-fourths of the caudal sixth of the body. 
They are placed one directly caudad of the other in the intercecal 
area, but separated by an interval equal to about one-fifth the longi- 
tudinal diameter of the caudal testis. The cephalic testis is oval in 
outline, with the major diameter at about a right angle with the 
long axis of the worm. It measures about 0.48 mm. in transverse 
and about 0.33 mm. in longitudinal diameter. The caudal testis is more 
nearly circular in outline, with the cephalic pole, however, slightly 
flattened. It measures 0.435 mm. in transverse and 0.36 mm. in 
longitudinal diameter. The vasa efferentia can not be seen. A long 
cirrus pouch is present. It extends from the ovary cephalad. It 
is clearly divisible into two portions; the first, forming somewhat 
less than half the length, tapers from the rounded basal end cephalad 
and is twisted into a sort of letter S. It has taken the carmine stain 
deeply and its wall appears to be relatively quite thick. The second 
much longer portion tapers slightly if at all, appears slightly coiled, 
and has taken the stain very lightly. It passes dorsally of the ace- 
tabulum and ventrally and to the right of the metraterm. 

a See note, p. 46. 
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Female organs: The ovary is in the axial region, midway between | 

the extremities of the worm. It appears oval or nearly elliptical in— 
outline, lies with its major axis transversely, its broader pole to the 
right, and measures 0.47 mm. in the transverse and 0.225 mm. in the 
longitudinal diameter. The shell gland is close to the sinistro-caudal — 
aspect of the ovary. The uterus passes caudad from the shell gland, 
describing transverse loops in about the left half of the intercecal 
area until it reaches the cephalic testis when it crosses to theright | 
and turns cephalad. The ascending limb likewise forms transverse — 
coils which do not encroach on the area occupied by the descending _ 
limb, except for some slight dovetailing of some of the adjacent — 
loops. The coils of both limbs seem to encroach on the correspond- 
ing cecal field. When the ascending limb reaches the ovarian zone 

5 it passes obliquely cephalo-sinistrad ventrally of the ovary to take 
up a position to the left and ventrally of the first portion of the cirrus 
pouch. Here it continues cephalad, its coils becoming less ample, ~ 

and gradually approaches more nearly the median line but still ven- 
trally and sinistrad of the sac. At a point in a plane slightly caudad 5 
of the beginning of the second portion of the cirrus pouch the metra- _ 
term begins. It proceeds cephalad, forming some loose coils dor-— 
sally and to the left of the second portion of the cirrus pouch. The 
vitellaria are well developed. They extend in the intercecal areas 
from a point in a plane about the vertical diameter of the cephalic — 
testis caudad of the caudal margin of the acetabulum to a plane 
about the same distance cephalad of the cephalic margin of the 
cephalic testis. They present no break or interval in their con-— 
tinuity, such as described for T. attenuatus, though there is a noticea-— 
ble tendency to a grouping of the follicles (not well shown in fig. 20). — 
EXcRETORY SYSTEM.—Theexcretory poreiscaudo-terminal. Itleads, — 

by a short thick duct, into a long excretory vesicle that can be traced _ 
cephalad, dorsally of the testes and the uterine coils, to the shell — 
gland and ovary. Here it ceases to be distinguishable but, as one 
can distinguish the large paired longitudinal canals immediately — 
cephalad of the ovary,it is safe to infer that the vesicle receives these — 
in the zone of the ovary and shell gland or just caudad of this zone, — 
in a manner strongly suggestive of that which obtains in 7. attenu- 
atus. The longitudinal canals extend cephalad, close to the mesial 
aspect of the intestinal ceca, to about the level of the caudal mare | 
of the acetabulum. 

Notrre.—As this manuscript goes to press I find a bottle (U.S.N.M. 
No. 5862) containing several specimens of 7. robustus. The material | 
is hard and cuts unsatisfactorily. Nevertheless some additional 
points can be made out. A short prepharynx or prepharyngeal — 
pouch is clearly evident. Laurer’s canal is present, and its pore 
opens on the dorsum in about the ovarian zone. A receptaculum 
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geminis is absent. The longitudinal excretory canals unite in the 
formation of the vesicle very slightly caudad of the shell gland. 
— [also find, in Doctor Hassall’s collection, three mounted specimens 
of Telorchis angustus from Chrysemys picta taken in Maryland. These 
specimens show, as Stafford (1905) says, that the genital pore is on - 
the dorsal aspect of the left lateral margin; his statement that the 
cirrus sac and vagina pass dorsally of the left gut I can not confirm. 
Besides Telorchis angustus, Doctor Hassall’s collection also contains 
four mounted specimens resembling Telorchis linstowi, from the intes- 
tine of Ohelydra serpentina, in all probability from Maryland. The 
four specimens vary between 3 and 4 mm.in length and are there- 
fore smaller than the measurements of 7. linstowi, given by Braun 
(1901la) or by Stossich (1904). In these specimens the esophagus 

appears relatively slightly shorter and the ovary relatively slightly 
larger than in the European specimen pictured by Braun (1901a, 
fig. 4), but in their form and internal topography they agree with 
Braun’s description and figure. 
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(Figs. 21-25.) 

The genus Athesmia was established by Looss in 1899 for a single 
species described by Braun early in the same year under the name_ 
of Distomum heterolecithodes. 

: 

Genus ATHESMIA ® Looss, 1899. { 
| 

GENERIC DIAGNOSIS.—Body flat, elongate, with attenuate cephalic cone. Cuticle 
thin, unarmed. Suckers in cephalic fourth of body. Pharynx and esophagus 
present; ceca simple, slender, long. 

Male organs: Testes lobate, intercecal, preequatorial, postacetabular caudad, ond 
of the other with slight obliquity; cirrus pouch with protrusile cirrus, genital pore 
preacetabular. | | 

Female organs: Ovary lobate, intercecal, submedian, posttesticular; receptaculum 

seminis present, postovarian; shell gland diffuse, intercecal, submedian, obliquely 
caudad of ovary; vitellaria, unilateral, single; uterus with descending and ascending — 
adjacent limbs, in transverse coils, intercecal, laterally of ovary and testes dorsally 

of acetabulum; Laurer’s canal present. | 

Excretory system: Excretory vesicle a sigmioid tube. 

Hapitat.—The liver of birds (Porphyrio porphyrio, Gallinula chloropus) and mam-— 
mals (Cebus capucinus). 4 

Type sPECIES.—Athesmia heterolecithodes (Braun, 1899) Looss, 1899. 

a Looss gives the following diagnosis: ‘‘ K6érper zart, von flacher, verlingerter nach 

vorn verjiingter, hinten abgerundeter Gestalt. Saugnapfe einander genihert, Haut 
glatt. Darm mit kleinem Pharynx, langem Oesophagus und Schenkeln, die etwas 
vor dem K6rperende aufhéren. Excretionsblase schlauchférming, S-Férmig gebogen. 
Keimdriisen wie bei Dicrocoelium, nur ein asymmetrisch gelegener und von der 

Schalendriise nach hinten sich erstreckender Dotterstock vorhanden. Schlingen 
des uterus quer gerichtet, wie bei Dicrocoelium, doch Jaufen die des ab- und auf- 

steigenden Astes neben einander her und decken sich nur gelegentlich. Eier wie 

bei Dicrocoelium, 0.031 mm. lang, 0.023 mm. breit. In der Leber von Végeln. 
Typus und bislang einzige Art: Athesmia heterolecithodes (Braun). 

(48) 
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ATHESMIA HETEROLECITHODES (Braun, 1899) Looss, 1899. 

1899: Distomum heterolecithodes Braun, 1899a, January 16, p. 3. 

This species, the type of the genus, was first briefly described by 
Max Braun (1899a) from the liver of Porphyrio porphyrio. This 
bird was from Africa, Madagascar, and died in the zoological park at 
Kénigsberg, Prussia. Later Jacoby (1899a), on the basis of a more 
‘abundant material, reported some additional details of its anatomy. 
In a second paper (1899b) he reported finding it in Gallinula chloropus 
from East Prussia and finally (1899c) picttred and described it 
“quite fully, discussing the variations, amphitypie and relations to 
otherforms. Based on this literature, the following is a diagnosis of 
this species: 

_ SPECIFIC DIAGNOSIS.—With the characters of the genus. Body 8 to 9 mm. long by 

1.5 to 2 mm. broad; width to length 1-5; preacetabular portion conical with rounded 

cephalic end. Body margins slightly convergent caudad. Surface cuticle 3.64 » 
thick. Acetabular aperture midventral, about one-sixth body length from cephalic 

margin; acetabulum 0.37 mm. in diameter. Oral aperture ventro-subterminal, oral 

sucker 0.46 mm. in diameter; pharynx 0.096 mm. in diameter; esophagus slender, 
0.39 to 0.58 mm. long. Ceca slender, termination postvitellarian, 0.75 mm. from 

caudal margin. Genital pore immediately postbifurcal. , 
Male organs: Testes intercecal, within first third of body, approximately of equal 

size (0.35 to 0.46 mm.) with indented surface. Intertesticular interval about equal 
to longitudinal diameter of caudal testis. Cirrus sac pear-shaped, preacetabular, 0.29 
to 0.38 mm long, contains vesicula and cirrus; cirrus 0.4 mm. long. 

_ Female organs: Ovary posttesticular, on opposite side from vitellarium, zone separate 

from testicular, major axis transverse, measures 0.36 mm., longitudinal diameter 0.15 to 

0.17 mm. Receptaculum seminis postovarian, measures 0.2 mm. by 0.1 mm., zone 

close to or abuts ovarian. Shell gland diffuse, on same side as vitellarium. Oviduct 
arises from caudal ovarian margin, shortly thereafter receives duct from receptaculum 

seminis opposite to which Laurer’s canal departs; latter reaches dorsum in ovarian 
zone. Vitellarium left sided unilateral; shorter cephalic portion intercecal, longer 

caudal portion extracecal; extends from shell gland into the caudal third of body. 
Vitello-duct from cephalic end of gland joins ootype. Uterus with transverse coils 

descends on side of vitellarium, ascending on opposite side; postovarian coils in sepa- 
rate adjacent left and right fields; some coils dovetailing slightly. At cephalic end 
of vitellarium uterus recrosses to starting side, ascends to left of ovary, then in an S- 

shaped course between the testes, finally dorsally of acetabulum to genital pore. 
Egg: Oval 0.031 to 0.04 mm. by 0.019 to 0.023 mm. 

_ Excretory system: Longitudinal canals begin in esophageal zone, unite in equatorial 
zone to form sinuous tubular bladder that discharges at caudal pole. 
- Hasrrat.—Liver of birds Porphyrio porphyrio (type host), Gallinula chloropus. 
' Typr.—? Coll. Braun. Paratype: U.S. B. A. I. No. 3383. 

Up to the present time this has remained the only known species 
of the genus. In May of this year a capuchin monkey in the Hygienic 
Laboratory was accidentally killed, and in its liver Doctor Fox found 
a number of flukes which he very kindly turned over to us. These 
were all of one kind and very closely resemble A. heterolecithodes. 

56668°—Bull. 71—11——-4 
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Certain differences, to be discussed later, seem sufficiently distinctive. 
to establish a new species. . 

ATHESMIA FOXI new species. 

[Figs. 21-25.] 

SPECIFIC DIAGNOSIS.—The characters of the genus. Body 6.6 to 8 mm. long; maxi- 
mum width in testicular zone about 0.855 mm. Body with preacetabular rela- 

tively attenuate cone-like portion with rounded cephalic margin; caudal portion 
lancet-shaped with pointed caudal end. Surface unarmed; cuticle 3 to 3.5 y thick. © 
Acetabulum 0.21 to 0.22 mm. in diameter, one-sixth to one-seventh of body length 
from cephalic margin, with more or less marked peduncle and very shallow cavity. — 

Genital pore one-third to halfway from acetabulum to cephalic margin. Oral aperture 
ventro-terminal; oral sucker about 0.262 mm. in longitudinal diameter; pharynxabout 

0.082 mm. in longitudinal and dorso-ventral diameters; no prepharynx; esophagus — 
about 0.34 mm. long, forks immediately cephalad of genital pore. Ceca terminate in 
separate planes slightly cephalad of or at about the level of caudal end of vitellarium. 

Male organs: Testes in intercecal area in about second fifth of body. Intertesticular— 
interval equal to about one-half or three-fourths the longitudinal diameter of caudal | 
testis. Testes about equal. Elongate pear-shaped cirrus pouch present; incloses — 

a coiled muscular walled vesicula, a prostatica and ductus ejaculatorius; protruded - 
cirrus curved, surface unarmed. 

Female organs: Ovary sinistral, about diameter of caudal testes, post-testicular, 
transversely elongate. Shell gland slightly larger than ovary; as a rule on same side © 

_as vitellarium and opposite from ovary. Receptaculum seminis close to caudal 
aspect of ovary within ovarian field. Oviduct leaves ventro-caudal aspect of ovary, — 
then shortly receives duct from receptaculum, proceeding to shell gland, gives off — 
Laurer’s canal just prior to penetrating latter. Laurer’s canal reaches dorsum in 
about zone of shell gland. Vitellarium dextral, may be broken in continuity at its” 
equator with opposing ends overlapping, consists of longitudinal stem with projecting 
tubuli and alveoli. Gut of same side skirts closely dorso-external aspect of cephalic — 
half of gland, then crosses dorsally to dorsomesial aspect of caudal half. Uterus, 

emerging from caudal pole of shell gland, passes caudad on same side of body, turns — 
cephalad near caudal margin ascending on other side; adjacent ascending coils” 
dovetail or slightly overlap; ascending limb recrosses obliquely between ovary and 
shell gland, skirts lateral margin of ovary, fills preovarian zone, then skirts same lateral _ 

margin of caudal testis as of ovary, then fills intertesticular zone and as a rule crosses 
it obliquely to ascend along opposite lateral margin of cephalic testis cephalad of 
which it approaches median line and ascends dorsally of acetabulum. Metraterm 
begins slightly preacetabular, ascends dorsally of cirrus sac, discharges immediately — 
cephalad of extruded cirrus. 4 

Egg: Uterine egg 34 by 20 p. 

Excretory system: Longitudinal canals begin in pharyngeal zone, pass caudad close — 
to ventro-mesial aspect of ceca, unite a little caudad of shell gland dorsally of uterine 
coils, forming a long, sinuous, unpaired canal that discharges by a short duct at caudal 
pole. 
Hasirat.—Liver of Cebus capucinus (type host) in Hygienic Laboratory. 

Type.—U.S. P. H. & M. H.S. No. 10838, mounted and sections. 

SOURCE OF MATERIAL.—The material forming the basis of this de- 
scription was collected by Dr. C. Fox from the liver of a monkey 
(Cebus capucinus) that died by accident in the Hygienic Laboratory. 
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EXTERNAL CHARACTERS. 

$Sizm.—Four specimens in alcohol vary from 6.6 to 7.5 mm. in 
meth. A fifth specimen as a toto mount is 8 mm. long and 0.855 

. in maximum width; that is, the width is to the length about 

as 1 is to 10. | 
- Coror.—The fixed worms are of a pale grayish-ivory tint, through 
which there show in the caudal portion the brownish coils of the 
uterus, which become darker, almost black, as they pass through the 
testicular zone. Along one side there shows through also an almost 
black ragged line; this extends a little more than halfway from the 
equator to the caudal end of the worm and represents the unilateral 
vitellarium. The testes and the ovary show as ground-glasslike 
bodies, as do also the oral and ventral suckers. 
Form.—The worms are elongate, dorso-ventrally flattened. bodies, 

with a relatively attenuate cephalic (preacetabular) portion. 
They are widest in the testicular zone; from this region in the 
direction of both poles the width diminishes gradually but pro- 
oressively. The rate at which the body diminishes in width in the 
cephalic direction becomes very slight in the acetabular zone, so 
that the margins of the preacetabular part of the worm, only slightly 
convergent, gives this portion of the worm a conical appearance in 
ventral view. The oral end is rounded. The reduction in width of 
the caudal portion progresses slowly and is very slight until nearly 
the end is reached, when it becomes marked, so that this end is sharply 
pointed and gives the caudal part of the worm something of a lancet 
shape. 
SuRFACE.—The surface cuticle is unarmed, thin, and measures 

3 to 3.5 4 in thickness. Conceiving the cephalic end to be beveled 
at the expense of the ventral edge, the oral aperture occupies this 
beveled area and is therefore ventro-terminal. In the median line 
of the venter at a point about half to two-thirds of the way from 
the cephalic margin to the acetabulum is the genital pore. 
ACETABULUM.—The acetabulum is in the median ventral line at a 

point about one-sixth to one-seventh the body length from the 
cephalic margin. It projects more or less prominently on a peduncle 
of variable length and appears to be with a very shallow or no cavity 
(fig. 23). In one series of sagittal sections it measures 0.22 mm. in 
maximum longitudinal diameter; in two series of transverse sections 
the maximum transverse diameter was the same in each—namely, 
about 0.21 mm. In structure it is of a decidedly loose-meshed 
spongy character. 

) 

: 



o2. 

INTERNAL ANATOMY. 

DiGEstTIve TRACT.—The oral sucker is well developed and in a series 
of sagittal sections measures 0.262 mm. in maximum longitudinal 
diameter. It is succeeded by a pharynx that measures in the same 
sections 0.082 mm. in longitudinal and dorso-ventral diameters. Both 
of these structures, though well developed, are, like the acetabulum, © 
composed of delicate, rather loose-meshed fibotta (fig. 23). In its 
turn the pharynx is succeeded by a slender esophagus about 0.34 mm, | 
long, that forks immediately cephalad of the genital pore. The ceca 
are slender simple tubes that pass caudad near the lateral margins — 
to terminate in slightly different planes slightly cephalad of or at 
about the level of the caudal end of the vitellarium; in two of three 
toto mounts the ceca fall a little short of this level (figs. 21, 22); in 
one, one of the ceca just reaches this plane. In two series of trans- 
verse sections, the ceca in one terminate very close to the plane of: 
the caudal end of the vitellarium, in the other they extend about 
0.15 mm. caudad of this plane. | 

GENITAL systEM.— Male organs: The testes are in the intercece | 
area, one caudad of the other with a very slight obliquity. The 
cephalic testis is about as far postacetabular as the esophageal fork 
is preacetabular. The intertesticular zone varies in its longitudine 
diameter from about one-half to slightly less than the longitudinal 
diameter of the caudal testis. The testes are about equal in size, 
irregularly circular to oblong in outline, with marked infoldings of the 
surface. Measured in two press preparations the cephalic testis In one 

measured 0.54 mm. in longitudinal by 0.52 mm. in transverse diam- 
eter, in the other 0.51 mm. in longitudinal by 0.42 mm. in transverse 
diameter; the caudal testis in one measured 0.54 mm. in longitudinal — 
by 0.46 mm. in transverse diameter and in the other 0.48 mm. in 
longitudinal by 0.52 mm. in transverse diameter. The vasa efferentia 
are not distinguishable in the available sections. A cirrus pouch is 
present; this extends through the cephalic three-fourths of the zone 
between the acetabulum and the esophageal fork. The wall of the 
sac measures about 3.5 » in thickness. It incloses the vas deferens, 
the first part of which is coiled, distended with spermatozoa, and its 
wall but little thinner than that of the sac; this is sueceeded by a 
short segment interpreted as the prostatica, and this, in its turn, by 
the ductus ejaculatorius, which pierces the cirrus and discharges at_ 
its vertex. A well- -developed protruded cirrus about 0.135 mm. long 
and about 0.06 mm. in diameter at its root is present. The cirrus” 
presents a slight curve and a tendency to a spiral twist; its surface 1s_ 
unarmed. a 

Female organs: The ovary is posttesticular; the interval between 
the caudal testis and ovary is about equal to the longitudinal diameter 

| 

| 
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of the caudal testis. It is considerably smaller than either testis, 
irregular in outline in ventral view, with infoldings of the surface 
and is transversely elongate. Its position with respect to the axial 
line is correlated to that of the caudal testis, being nearer to the right 
or to the left margin of the worm as this testis is nearer to the right or 
the left margin. In six of the ten specimens the ovary is nearer the 
left margin as is also the caudal testis. The shell gland, which 
is a father loose aggregate of cells, is obliquely caudad of and on the 
side opposite from the ovary, and as large or slightly larger than the 
latter. In one specimen it is caudad of the receptaculum seminis, 
4 the same side as the ovary and opposite to that of the vidiariuth, 
The receptaculum seminis, somewhat triangular in outline in ventral 
view, and considerably smaller than the ovary, is placed close to the 
caudal aspect of the latter. The oviduct leaves the ventro-caudal 
aspect of the ovary and passes caudad. After a short progress it 
gives off a duct of about its own diameter that passes to the recep- 
taculum, after which it proceeds in the direction of the shell gland, 
the cephalic aspect of which it penetrates. Just before penetrating 
the shell gland it gives off Laurer’s canal; this curves gently dorsad, 
reaching the dorsum at a point within the zone of the shell gland. 
As in the case of Athesmia heterolecithodes, this worm appears to be 
with only one vitelline gland. This gland extends along one margin 
of the worm from the level of the caudal plane of the shell gland for 
about one-fourth of the worm’s length. In five of six specimens the 
gland was along the right margin and in four of these five specimens 
on the same side as the shell gland. The gland consists of a longitu- 
dinal sinuous stem with projecting tubuli and alveoli of relatively 
considerable size, somewhat after the fashion of a simple branched 
tubular or alveolar gland. It presents a rather stiff, rigid appear- 
ance. In one of the toto mounts there is a distinct break in the 
continuity of the gland (fig. 22) at about its equator, the opposing 
ends overlapping slightly and giving the impression of two glands on 
one side, one caudad of the other. In the other toto mount (fig. 21) 
the gland presents a thin (? atrophied) segment in continuity at its 
equator. A slender duct leaves the gland from near its cephalic end 
and passes to the shell gland. The relation of the gland to the gut 
on its own side is of interest. The gut passes caudad close to the 
outer aspect of the cephalic half of the gland. At the equator of 
the latter, in the region of the ‘‘break”’ in the specimen referred to, 
the gut crosses dorsally to the inner aspect of the gland, which rela- 
tion it maintains to the end. The uterus emerges from the caudal 
aspect of the shell gland, passes caudad on the same side of the median 

line as that in which the shell gland lies to within a short distance of 
the caudal end. Here it turns and ascends on the other side until it 
teaches the receptaculum, when it passes obliquely between the 
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receptaculum and ovary on the one hand and the shell gland on th 
other to the same side in which it started, but cephalad of the she 
gland. It now skirts that pole of the ovary directed toward the 
vitelline gland, then its coils fill that part of the intercecal area 
between the ovary and caudal testis after which it skirts the sam 
side of the caudal testis as it did of the ovary to reach the intet 
testicular zone. Having filled this zone, the uterus proceed 
cephalad, skirting one or the other lateral aspects of the cephali 
testis; in the majority of cases it is the aspect opposite to that o 
the caudal testis, that is, the uterus in its ascent passes diagonally 
through the intertesticular zone. Cephalad of the testes it ascend 
in the median line dorsally of the acetabulum, its coils becoming 
progressively less ample. At a point slightly preacetabular the 
metraterm begins and pursues a direct course cephalad, dorsally ¢ 
and close to the cirrus pouch to discharge cephalically of the pro- 
truded, cirrus (figs. 24, 25). The uterus in its course forms trans- 
verse coils; these fill the post-ovarian part of the intercecal area an 
the extension of the latter caudad of the cecal zone. The coils of 
each uterine limb encroach slightly here and there on the area oceu 
pied by the other. | 

egg: Eggs teased from the terminal portion of the uterus measure 
32 in length by 20 » in width. | 
EXCRETORY SYSTEM.—Longitudinal excretory canals begin in abou r 

the pharyngeal zone, laterally of the pharynx. They pass cauds 
crossing the intestinal ceca ventrally, a little preacetabular as the 
latter shift laterad from the esophageal fork. They continue cauda¢ 
more or less close to the ventro-mesial aspect of the corresponding 
gut to a point a little caudad of the shell gland when they converge 
and unite in about the median line dorsally of the uterine coils t 
form a median unpaired canal that passes caudad in a sinuous coursé 
discharging by a short duct at the pointed caudal end. | 

DIFFERENTIAL CHARACTERS. 

From the foregoing description it will be seen that the resem 

blance of this form to the form described by Braun is quite close. 
They differ, however, in several respects. Athesmia fori is more 
slender than A. heterolecithodes; the ratio of width to length in the 
former is about as 1-10, in the latter about as 1-5. The ceca do no 
extend so far caudad in A. fozi as in A. heterolecithodes; in the former 
they do not reach materially, if at all, beyond the vitelline zone}; il 
the latter they extend well beyond. The gut in the new form crosses 
the vitellogene gland at the equator of the latter whereas in Braun 
species the crossing is at a point ‘not more than one-third of the 
length of the gland” from its cephalic end. Again A. fori may be 



t regarded as right handed with respect to the usual position of shell 
gland and vitellarium whereas A. heterolecithodes may properly be 
- considered as left handed in this respect. Finally it may be noted 

- that the type host of A. fox is a South American monkey while that 
of A. heterolecithodes is an African (Madagascar) bird. 
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Fie. 1. Leuceruthrus micropteri. Ventral view showing internal topography. Afte 
a press preparation. Very slightly diagrammatic. Enlarged. Original. 

2. Leuceruthrus micropterit. Sagittal section showing oral sucker (0. s.) pharynx 

(ph.), constriction marking change from one of the forks of the esophagu 
(es.) to the gut (7.); also position and relation of distended genital atrium 
(g. a.) and cirrus pouch (c. p.) to the ceshihy ma (ac.). Enlarged. on 
nal. 

. Leuceruthrus micropteri. Sagittal section showing terminal copulatory appa. 

. Leuceruthrus micropteri. Profile projection of caudal portion. sihtly 

. Leuceruthrus microptert. Sagittal section to show dilated segment (pseudo- 

ratus. Enlarged. Original. 4 

diagrammatic. Enlarged. Original. 

receptaculum seminis) of Laurer’s canal (ZL. c.) immediately after it takes 
its departure from the oviduct (ov. d.) as the latter is about to plunge into 
the shell gland (s.g.). Enlarged. Original. 
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. Leuceruthrus micropteri. Egg. Enlarged. Original. 

. Azygia lucii. Ventral view showing internal topography. Enlarged. (After 

Looss, 1894, fig. 1.) 
. Azygia acuminata. Ventral view showing internal topography. Somewhat 

diagrammatic. Enlarged. Original. 
. Azygia acuminata. Sagittal section showing character of ventral wall of oral 

sucker (0. s.), the pharynx (ph.), the sphincter-like constriction marking 

the change from one of the forks of the esophagus (es.) to the gut (7.). _En- 

larged. Original. 
. Azygia acuminata. Sagittal section to show terminal copulatory apparatus. 

Enlarged. Original. 
. Azygia bulbosa. Ventral view showing internal topography. From a press 

preparation. Slightly diagrammatic. Enlarged. Original. 
. Azygia bulbosa. Sagittal section showing character of ventral wall of oral 

sucker (0. s.), the pharynx (ph.), the sphincter-like constriction marking the 
change from the right fork of the esophagus (es.) tothe gut (7.). Enlarged. 

Original. 
Azygia bulbosa. Sagittal section through genital papilla showing its form 

and position. (See also fig. 12.) Enlarged. Original. 
Azygia bulbosa. Sagittal section through excretory bladder showing its 

relation to venter and dorsum and point of entrance of median excretory 

canal (ex. c.). Enlarged. Original. 
Azygia loossiti. Ventral view showing internal topography. From a press 

preparation. Enlarged. Original. 
Azygia loossti. Sagittal section showing character of ventral wall of oral 

sucker (0. s.), position of the brain (e. g.) with relation to the pharynx (ph.s) 

the constriction marking the change from the left ramus of the esophagu, 
(es.) to the gut (7.), the form of the genital atrium and the genital papilla 
projecting into it (g. pap.). Enlarged. Original. 

Hassallius hassalli. Ventral view showing internal topography. Projection 

from transverse sections; slightly diagrammatic. Enlarged. Original. 
Hassallius hassalli. Sagittal section. Slightly diagrammatic. Enlarged. 

Original. 
Telorchis atienuatus. Ventral view showing internal topography. Slightly 
diagrammatic. Enlarged. Original. 

Telorchis robustus. Ventral view showing internal topography. From a 
press preparation. Enlarged. Original. 

Athesmia foxi. Ventral view showing internal topography. In this speci- 
men the acetabulum is turned on its side and the cephalic testis shows a 
rupture at its acetabular aspect with extravasation, as it were, of sperma- 

tozoa into the parenchyma shown by a horn-like projection cephalo-sinis- 

trad. From a press preparation. Enlarged. Original. 

. Athesmia foxi. Ventral view showing internal topography. This specimen 

appears damaged at the cephalic end and does not show the oral sucker 
nor pharynx, although in the figure the position of these is indicated. 
From a press preparation. Enlarged. Original. 

. Athesmia foxi. Sagittal section showing character of oral sucker (0. s.), phar- 
ynx (ph.) and acetabulum (ac.). Enlarged. Original. 

Athesmia foxi. Sagittal section showing relation of vigina (va.) to protruded 
cirrus (c.). Enlarged. Original. 

Athesmia fori. Transverse section slightly below level of opening of vagina 

to show relation of this to protruded cirrus. Enlarged. Original. 
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LIST OF HYGIENIC LABORATORY BULLETINS OF THE PUBLIC HEALTH 
AND MARINE-HOSPITAL SERVICE. 

The Hygienic Laboratory was established in New York, at the Marine Hospital on 

Staten Island, August, 1887. It was transferred to Washington, with quarters in the 
Butler Building, June 11, 1891, and a new laboratory building, located in Washington, 
was authorized by act of Congress March 3, 1901. 
The following bulletins [Bulls. Nos. 1-7, 1900 to 1902, Hyg. Lab., U. S. Mar.-Hosp. 

Serv., Wash.] have been issued: 
No. 1.*—Preliminary note on the viability of the Bacillus pestis. By M.J. Rosenau. 
No. 2.—Formalin disinfection of baggage without apparatus. By M. J. Rosenau. 
No. 3.*—Sulphur dioxid as a germicidal agent. By H. D. Geddings. 
No. 4.*—Viability of the Bacillus pestis. By M. J. Rosenau. 

No. 5.—An investigation of a pathogenic microbe (B. typhi murium Danyz) applied 
o the destruction of rats. By M. J. Rosenau. 

No. 6.*—Disinfection against mosquitoes with formaldehyde and sulphur dioxid. 
sy M. J. Rosenau. 

No. 7.—Laboratory technique: Ring test for indol, by S. B. Grubbs and Edward 

francis; Collodium sacs, by 8. B. Grubbs and Edward Francis; Microphotography 
vith simple apparatus, by H. B. Parker. 

By act of Congress approved July 1, 1902, the name of the ‘‘United States Marine- 
lospital Service” was changed to the ‘‘ Public Health and Marine-Hospital Service of 
he United States,” and three new divisions were added to the Hygienic Laboratory. 
Since the change of name of the service the bulletins of the Hygienic Laboratory 

lave been continued in the same numerical order, as follows: 

No. 8.*—Laboratory course in pathology and bacteriology. By M. J. Rosenau. 
Revised edition, March, 1904.) 

No. 9.*—Presence of tetanus in commercial gelatin. By John F. Anderson. 
No. 10.—Report upon the prevalence and geographic distribution of hookworm dis- 

ase (uncinariasis or anchylostomiasis) in the United States. By Ch. Wardell Stiles. 
No. 11.*—An experimental investigation of Trypanosoma lewisi. By Edward 

'rancis. 

No. 12.*—The bacteriological impurities of vaccine virus; an experimental study. 
sy M. J. Rosenau. 

No. 13.*—A statistical study of the intestinal parasites of 500 white male patients at 
he United States Government Hospital for the Insane; by Philip E. Garrison, Bray- 
on H. Ransom, and Earle ©. Stevenson. A parasitic roundworm (Agamomermis 

ulicis n. g., N. sp.) in American mosquitoes (Culex sollicitans); by Ch. Wardell Stiles. 
‘he type species of the cestode genus Hymenolepis; by Ch. Wardell Stiles. 
No. 14.—Spotted fever (tick fever) of the Rocky Mountains; a new disease. By 

ohn F. Anderson. 
No. 15.—Inefficiency of ferrous sulphate as an antiseptic and germicide. By Allan 
. McLaughlin. 

No. 16.*—The antiseptic and germicidal properties of glycerin. By M.J. Rosenau. — 
No. 17.*—Illustrated key to the trematode parasites of man. By Ch. Wardell Stiles, 

(1) 
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No. 18.*—An account of the tapeworms of the genus Hymenolepis parasitic in man, 
including reports of several new cases of the dwarf tapeworm (//. nana) in the United 
States. By Brayton H. Ransom. 

No. 19.*—A method for inoculating animals with precise amounts. ‘Be M. 7 
Rosenau. p | 

No. 20.*—A soolegical investige Hes into the cause, transmission, and source of 
Rocky Mountain ‘“‘spotted fever.”’ By Ch. Wardell Stiles. 

No. 21.—The immunity unit for standardizing diphtheria antitoxin (based on Ehr. 

lich’s normal serum). Official standard prepared under the act approved July 1, 1902. 
By M. J. Rosenau. 

No. 22.*—Chloride of zine as a deodorant, antiseptic, and germicide. By T. B. 7 
McClintic. | 

No. 23.*—Changes in the Pharmacopeceia of the United States of America. Eighth 
Decennial Revision. By Reid Hunt and Murray Galt Motter. . 

No. 24.—The International Code of Zoological Nomenclature as applied to medicine. 
By Ch. Wardell Stiles. 

No. 25.—Illustrated key to the cestode parasites of man. By Ch. Wardell Stiles. 
No. 26.—On the stability of the oxidases and their conduct toward various reagents. 

The conduct of phenolphthalein in the animal organism. A test for saccharin, and 

a simple method of distinguishing between cumarin and vanillin. The toxicity of 
ozone and other oxidizing agents to lipase. The influence of chemical constitution on 
the lipolytic hydrolysis of ethereal salts. By J. H. Kastle. 

No. 27.—The limitations of formaldehyde gas as a disinfectant with special ie e 
to car sanitation. By Thomas B. McClintic. 

No. 28.*—A statistical study of the prevalence of intestinal worms in man. By Ch. 7 
Wardell Stiles and Philip E. Garrison. 7 

No. 29.*—A study of the cause of sudden death following the injection of horse © 
serum. By M. J. Rosenau and John F. Anderson. , 

No. 30.—I. Maternal transmission of immunity to diphtheria toxine. II. Maternal 

transmission of immunity to diphtheria toxine and hypersusceptibility to horse serum 
in the same animal. By John F. Anderson. 

No. 31.—Variations in the peroxidase activity of the blood in health and disease. 
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|. REPORT ON AN OUTBREAK OF TYPHOID FEVER AT OMAHA, 
NEBR. (1909-1910).° 

By L. L. LUMSDEN, 

Passed Assistant Surgeon, United States Public Health and Marine-Hospital Service, 
Hygienic Laboratory, Washington, D. C. 

INTRODUCTION. 

The city of Omaha, Nebr., is situated on a series of hills rising 

eradually from the west bank of the Missouri River. For the greater 
part of the city the general slope of the land is toward the river, and 
thus excellent natural drainage is afforded. 

_ The city’s present population is estimated at about 138,000, and 
for the last ten years has varied probably between that number and 
100,000. The water supply has been obtained, for the most part, 
for certainly the last twenty years, from the Missouri River. This 
river, at numerous points north of Omaha, receives the sewage from 
a large number of persons, and therefore can be regarded as a some- 
what dangerously polluted stream. The treatment of the water before 
being distributed to the city has not been such as to render it reason- 
ably free from dangerous pollution. Notwithstanding the character 

_ of the water supply, Omaha did not have during the twenty years 
prior to 1909 a typhoid fever rate which could be considered much, 
if any, above the average for other American cities having comparable 
climatic and sanitary conditions. 

In the latter part of November, 1909, the rate of prevalence of 
typhoid fever in Omaha became unusually high, and continued so 
until the latter part of March, 1910. From December 1, 1909, to 
April 1, 1910, there were reported 582 cases with 59 deaths. The 
death rate from typhoid during this period was over six times as 
high as the average rate for the corresponding periods of the five 
years previous, and, as far as the records show, much higher than it 
ever had been in this period of any previous years. 

Gradually the people awakened to the fact that their city was 
_ being visited by an outbreak, or epidemic, of typhoid fever. This 

@Manuscript submitted for publication June 21, 1910. 
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awakening was brought about largely by discussions of the subject 
in the local medical society and by publications in the local newspapers. | 

Suspicion fell upon the water supply as the source of the infection, 
and the city commissioner of health advised the people to boil the 
water before using it for drinking or culinary purposes. There were 
among the local physicians and the people generally, however, at 
the time this investigation was begun, many conflicting views 
expressed as to the cause of the outbreak, and even among those — 
who stated as their belief that the water supply was at fault there 
were marked differences of opinion as to the source of the infection in 
the water. 

Finally, the Omaha-Douglas County Medical Society sent a peti- 
tion to the governor of the State requesting that he use his influence 
to secure a thorough investigation of the situation by an. officer of 
the United States Public Health and Marine-Hospital Service. This 
petition was signed by the mayor and the commissioner of health 
of Omaha. Upon the receipt of this petition the governor sent the 
following letter to the Secretary of the Treasury: 

STATE oF NEBRASKA, EXECUTIVE OFFICE, 

March 4, 1910. 

Dear Mr. Secretary: The water supply of the city of Omaha, in the opinion of 

the health department of that city, has become more or less contaminated with typhoid- 
fever germs and considerable sickness has resulted therefrom, and at the direction of 
the mayor of the city and the city physician and other members of the board of health, 
I am requested to ask you, if possible, to designate a competent officer from the 
Marine Hospital Corps to go to Omaha and report to Dr. Ralph W. Connell, the city 

physician, with instructions to make investigations as to the contamination of the 
water supply and to advise proper means for remedy of existing conditions and pre- 
vention of further spread of the disease. What is wanted is an officer who is an expert 
upon the subject of water supply and purification and a bacteriologist as well. 

Trusting that it may be found compatible with the good of the public service to 

help the city officials of Omaha in this way, I subscribe myself with profound respect, 
Yours sincerely, 

ASHTON C. SHALLENBERGER. 
Hon. FRANKLIN MACVEAGH, 

Secretary of the Treasury, Washington, D. C. 

The Secretary referred the matter to the Surgeon-General of the 
United States Public Health and Marine- Hospital Service, and with 

the approval of the Secretary of the Treasury, the Surgeon-General 
detailed the undersigned to proceed to Omaha ‘‘for a conference with 

the commissioner of health of that city and investigations of the origin 
and eevee of typhoid fever, especially in relation to water 
supplies.” 

The investigation of the Omaha situation was begun on March 28 
and completed on April 23. The investigation included a sanitary 
survey of the Missouri River watershed from Omaha to points about — 

10 miles north of the first intake for the city’s water supply; bacte- — 

riologic examinations of the water supply; an epidemiologic study 

=! 
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) 105 individual cases of typhoid fever reported between March 1 
and April 15 and taken to be fairly representative of all the cases 
ecurring in the outbreak; a clinical examination of about 50 cases 
eported as typhoid; the making of blood cultures and Widal tests 

n a number of cases to aid in the determination of the clinical diag- 
cos ; an inspection of the principal dairies; a study of the health- 
office records; an inquiry into the prevalence of typhoid in neigh- 
boring towns and cities; and a careful consideration of the city’s 
sewerage system, and of the supplies of foods and beverages generally. 
_ Upon the completion of the investigation, on April 23, a preliminary 
report, with conclusions and recommendations which appeared most 
pertinent to the immediate situation, was submitted to the com- 
missioner of health of Omaha. 

In the following report the data collected during the course of the 
investigation, together with conclusions and recommendations based 
thereon, are given in detail. 

In compliance with instructions received from the Surgeon-General 
this investigation of typhoid fever in Omaha was made in cooperation 
with the commissioner of health of that city. Appreciation is 
hereby expressed of the hearty cooperation of Dr. Ralph W. Con- 
nell, commissioner of health of Omaha, and his assistants. From 

the records of the health office, Doctor Connell furnished numer- 
ous transcripts and special compilations. Mr. Claude F. Bossie, one 
of the sanitary inspectors connected with the health office, was detailed 
to assist in the investigation, and in every way rendered excellent 
service. 
The bacteriological work was done in the laboratory of the Creighton 

Medical College, from the authorities of which institution many 
courtesies were received. In the making of Widal tests, in the prep- 
aration of media, etc., at the laboratory, material assistance was 
received from the city bacteriologist, Dr. Millard Langfeld. 

Mr. George W. Craig, the city engineer, and his assistants, ren- 
dered valuable assistance in the work. Mr. Craig furnished from his 
office much important detailed information, including maps and 
charts, in regard to the city’s water supply and sewerage system, and, 
besides, either went in person or sent an assistant on the surveys of 
the Missouri River watershed and of the city’s water and sewerage 
systems and in the sanitary inspections of a number of neighboring 
towns and villages. 
_ Valuable service was rendered by the local newspapers in keeping 
the public informed as to the nature and results of the investigation. 

_ From the members of the medical profession of Omaha many courte- 
ies and much valuable assistance were received. It was at the 
stigation of the Omaha-Douglas County Medical Society that this 

vestigation was brought about. 



NATURE AND SCOPE OF THE INVESTIGATION. 

The immediate purpose of the investigation was to determine the 
cause of the unusually high rate of prevalence of typhoid, which ha 
begun in the latter part of November, 1909, so that preventive meas- 
ures might be adopted. The time of occurrence and the character 
of the outbreak pointed to the water supply, the milk supply, or 
some other general food supply as the chief source of the infection 
and therefore especial attention was given at the beginning of th 
investigation to these supplies. 
A rapid and somewhat superficial survey of the river near by th 

two points from which the city’s water supply was obtained showe 
that there was dangerous local pollution of the river with sewage. 
This observation was made within the first two or three days of th 
investigation, and a statement was then given to the local newspapers 
and made before the local medical society that, in view of the condi 
tions already discovered and pending the results of a complete inves 
tigation of the situation, it was highly advisable for the people to) 
boil the river water before using it for drinking or culinary purposes. 
A detailed survey of the watershed of the river for some miles above 
Omaha and a bacteriologic study of the water supply were made as 
expeditiously as possible, and the results were all confirmatory of the 
first impression that the water as supplied to the city was danger- 
ously polluted with sewage. Thus the water supply was involved 
as a possible chief factor in the production of the outbreak. The 
investigation was made to include a study of all other possible fac- 
tors which could reasonably be considered to have been operative, | 
in order to determine which of these factors could be involved and) 
which eliminated. To ascertain the conditions liable to be concerned 
in the production of typhoid fever, to which the persons affected had _ 
been exposed prior to illness, an epidemiologic study was made of 
105 individual cases. This study comprised a visit to the home of the 
patient, a sanitary inspection of the premises, and a careful inquiry 
to collect from the patient or from other members of the household 
all data called for by the following blank form: 

(10) 
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Mulk (Chow used) 0. i... cosa es eee From. ... 2 ...<2220gc ee ee 

Bled os. o's aoe SR. ae ee ee Pasteurized?. ..- 5 ~<-s.205.s\0seee 
366 Cree. 2.5. -=')- +> + cen Poe ee Where? ......-..0scnkies opel ee 
Uncooked fruits and vegetables. .......... Lettuce: .......-..- Onions. . . ......20m 
IETS. coo... . ead ae He 8 os SI Radishes. ........Strawberries......... 
RW GEOUGEN «255 2 «as sae eee 

Contact: 

Association thirty days prior with patients in febrile stage. .....-..............-22. 
Association with suspected cases?.......-....-..-. woe ooo vik sie om ei ate mt ‘ 
Association with persons who have had typhoid within— 

Six WNDNIGB 5.0 sce S. 6 Meee 

Three years. .... 
Four years...... 

LO Lo, ROOD. ol Bs ahs h Fe 

Association thirty days prior with persons in contact with patients in febrile stage..... 
Treatment of stools and urine of patient. ............-...:-.--~4. sen 

Other precautions. ...2. 2. 2. 5.0.20 ean soso 20 ie oe PE 
Remarks: -. 2.22.22. 52 eee eee ee tee we pine none so bale ool rrr 

ROARS pale. - Sh S ha ON dg Sa ee eee aad rector arene et een ame oan nine 9 de oe 

Signature _... .. [220i es eee 

The 105 cases so canvassed were reported from March 15 to April 
15, and had definite onsets of illness between January 14 and April 9. 
They were taken serially in the order in which they were reported to 
the health office and are believed to be fairly representative of all the 
cases which occurred in the outbreak. 

OCCURRENCE AND EXTENT OF THE OUTBREAK. 

Judging by the rate of report of cases to the health office, the out- 
break of typhoid fever at Omaha began about November 25, 1909, 
and continued until about March 25, 1910. From December 1, 1909, 
to April 1, 1910, 582 cases were reported. The following table shows | 
the number of cases and deaths reported, by days, from December 1, 
1909, to June 1; 1910: 
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Tasie No. 1.—Giving typhoid fever cases and deaths reported, by days, in Omaha. 

1909. 1910. 

q Day of | pecember. January. February. March. April. May. 
‘month. 

Cases. |Deaths.| Cases. |Deaths.| Cases. |Deaths.| Cases. |Deaths.| Cases. |Deaths.| Cases. |Deaths. 

ES ee Bee 4) os 8 2 14 Bie owase |-sseneelensenaee 
| 2 bys 3 1 A ie Soh nes aa Rea. oilentt cia. 
2 ae. Sn ee 3 pee 3 I cat pendant “8 RS eee 

2 a OE ieee 9) Col Oi li tea 4 | ee Oe es a 
Se 2 1 ae 2 7 ABT Dae a er 

| eee 2 geen TY tahies i 2 1| ee mre catt& 
(aa es a 7 1 9 2 ri lap © oa Se a a Se 
. | OSG ee 1 . 1 8 2 3 te eae 

a | a eS a ih aap 9 MR A ae gee 
a ” Line pe 7 eee LO Ose fas. a i Oe 1 
SS RS 11 el Ra 5 eae aoe tee. erarees fo Dead ete acy 

| oe een manne 11 2 2 1 7 pee a ay yee 2a 
.....- 5 | SRC OSS oat eon pM |e ta Rev 1 | ae bbe tees 

ees. .... 8 1 Ha 7 a eRe ane oy ROR peD nen SPR Ta 
a 3 re 8 a ya 1G [eee 2.2: Wit eae etapa os Dee. ice cage 

| a 6 Sg ee 12 1 Bes Seen eee 9.152 ee ee 
es... “) aoe 7H lk ale 4 2 4 OTe ee SORE Samrat spoil BOY.t 
aa | ee 7 ie ae 8 1 4 Be are se ats i 
a eee 1 1 ee ot See SEN, Set Wath eS ee ok 

6 ae 2 1 eee) ane a ve 1 es CeO A dee 
a 10 1 5 | ee. 4 1 6 exci ees Lg Ae a 

a Bie, Yt 2 | eh ct |e Oe eee Sree Bale 
0S a ee 13 1 Geel Pees Wee 1 4 ees 8 

az 8 1 Se aoe 11 1 F<, aa ine tert Ae eS i eee 
a ee Set 11 1 7 1 Belge 100 ea yee ae 
Es aa Sees ie «AS 3 2 GAs Sey ee ee a A Poe 4 ene 
a ...... A eee 3 UR Ta ones Oba ane PR MTs OR 5 i oe 

«Mae Beare epee. hl eee 7 1 BE eh! ey ier 
a es eee Cy ve ie Rn pee 10 1 172) SEAT RR Sa 

a Meo Slee tee Tae 3 1 i) nena SNE, lara 2 
= 10 2 Fi A ean ese Dace 6 Sikes pale UPL Phy Ae 

114 11 68 4| 246 16| 154 28 45 | 10 18 1 

_ The records show that the report of cases previous to the latter 
half of 1909 was very incomplete. Therefore it is impossible to use 
the report of cases as a basis for a comparison of the rate of preva- 
lence during the period of the outbreak with the rates for correspond- 
ing periods of previous years. The report of deaths, however, 
appears to have been quite complete for some years past, and may 
be used as a fair basis for comparison. 
_ From December 1, 1909, to April 1, 1910, the number of deaths 
from typhoid fever reported was 59. For the four corresponding 
eriods of the years immediately preceding those in which the out- 
reak occurred the numbers were as follows: 
umber of deaths from typhoid fever reported: 
ener Wunny ter Agee FROG Se. ee se ee wep oa Sed sleen seen 8 
eee Tae toate MTOR US Soe. es eae See eee 8 

Sueeienempber 1, 190740 April 1, 1908........ 00/2. .0..22e eee cee 9 
Sutecorber 1, 1908, th-April 1, 1909_.............00--s0eseneeerecsecceseess 12 
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4 
The average for these four periods is nine, which is less than one 

sixth the number reported in the period extending from December 1 
1909, to April 1, 1910. 

Table No. 2 and Chart No. 1 show the number of deaths fron 
typhoid fever reported, by months, during the calendar years fror 
1905 to 1910. | 

TasLE No. 2.—Showing number of deaths from typhoid fever reported, by months, % 
Omaha. 

Month. 1905. 1906. 1907. 1908. | 1909. | 1910, — 

7. ae, a Fea ame ae TRE ae Ay) otlid, 1 2 3 1 1 

ye 2 ER ae hele a ae a ame Dee TE NN et 2 | i 2 1 

Se eet Mg ES ET dag ae LS Ry 4 2 1 2 1 

PAITANE chara Se Sees eRe a ech oon RAR At a cake ees eee A Bae aoe re ees 4 
1 3 El ag AE Se ET ee BATA SEED eye, AAR Met eS A Rg te al! MLA 2 1 | 083 eee ee 
BRRTAOIERS ie Ss eae eS Paes arene Pe ORMUE te 3 3 1 il 3 
EER eta oa Ce ARO oie © On ors ARE a ae ret ee 1 1 1 2: |e oe 
SEL ee ee ee, RM Red Coe ye fea aia, AE ak PS Cole 1 Rr re =a = 1 2 3 |. 3. 
Re PRmneE. Crs! te ike ee eh A a eee 3 2 2 5 ie 
acl te Mi RN Oo SPE ee GME As ly ES bh 4 Oe) 2 5 4 1 3 | oe. ae 
PAOLO re Shoe os ahve e a Ng c wan Meee Seah ane 2 4 3 2 PEERS 
DRDO N Me hs Bt aisha ce eg wre unin ae ees SU Ee tee 1 4 4 9 Uhl os sae 

JN): NEB ys Aaa sae Sea ae MBN EC seen 21 28 25 26 30) l=. eam 

Chart No. 2 shows the aggregate number of deaths from typhoid) 
fever reported, by months, during the four years 1905 to 1908, inclu 

== ======2====55 
=. ============= 

= =22252S2==2== 
=Sas========S= 

==S=2 == ==7.==== 
SS San =sie= sa==== 

Cuart No. 2.—Showing the number of deaths from typhoid fever reported in Omaha during the four 
years 1905 to 1908, inclusive, in monthly aggregates. 

prevalence of typhoid fever (by occurrence of cases) in Omaha usu- 
ally is greatest during the summer and fall, and, therefore, that the 
factors in the production of typhoid fever there usually are operative 
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CHart No, 1.—Showing number of deaths reported from typhoid feyerin Omaha, from January 1, 1905, to June 1, 1910, 

= ee SSS a : = 

= ee ==r5 === ——- 

= = Se = = —4{———4. — = SSeS - — = = = = = =. 

Cuarr No, 4.—Showing number of cases of typhoid fever reported in Omaha from December 1, 1909, to June 1, 1910, in five-day periods. 

§ 60700°—Bull. 72. (To face page 14.) 
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) the greatest extent during the months of July, August, September, 
id October. 
The time of occurrence of the outbreak of 1909-10, as is shown 
charts Nos. 1, 3, and 4, therefore, was not the seasonal period in 
hich typhoid in Omaha usually is most prevalent. Judging by the 
ite of report of cases the outbreak had its causation in conditions 
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ART No. 3.—Showing typhoid cases, as reported by months, in Omaha before and during the period 

of the outbreak. 

hich became operative about November 15, 1909, diminished some- 
hat in December and the early part of January, then markedly 
creased to reach the maximum about January 25, from which time 
‘ey continued operative at a diminishing but still high rate until 
bout March 15, 1910, when they rapidly declined. (See Chart 
m 4.) 

Some idea of the extent of the outbreak may be obtained by a 
msideration of the following table, showing the number of deaths 



from typhoid fever in Omaha for the fifteen calendar years preceq 
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ing those of the outbreak: 

TABLE No. 3.—Giving the number of deaths from typhoid fever in Omaha for the calend 
years 1895 to 1909 and for the first three months of 1910. 

Number Beedle Number Popul 
of deaths} tion of of deaths | tion of 

rted | Omaha reported | Omaha 
— 5 accord- ‘om accord- 

typhoi ing typhoid | ing to 
Year fever, ac-| United Year. fever, ac- United 

cording | States i States 
to records| census to records} census 
of health |reports or of health |reports 

office. jestimates. office. jestimate 

1805. >. han eee ee ee ee 29 () 1004S RS ena ae Ta ae 

ape ey Sten 8 UT Cy eae 1905. ... ...).skune oo eee 21} 120,56 
ABO Tn. oe Cece en LR EOE Zoalee soeeeee 1906. . 22 125 2 OSe A S -E eee 2 eo 

5 ACTOS Sesto 8 ad (ean tae See 1907 .. 2. Seb: ae 0) 

600 2 pe oe oe ee eee Beare oe 1908 .2o2. 0. tease See ee OWien is... 

1900 23: a Leas seek sh eee oe 24 | 102,555) || 1909. 5 22. . soto sss ee ee BI es 

12) 0) Veiner as sais Bn anew ews oe Pap er Mee coe st January, February, and 

1) MLR a Sik rn es Bp ce 4 EN | eae ara | March, 1910)...2 222s eee 48 138, 5 

TO a a cn cee ee A see ee een 

a Official estimate of population in 1895 is not obtainable, but the actual population then was probabl 

about 95,000. 

It is evident that the number of deaths (48) in the first quarter o ) 

1910 exceeded considerably the number recorded in the whole of any 
one of the previous years. 

AGES OF PERSONS AFFECTED. 

As far as could be ascertained from the report of cases recorded ¢ 

the health office, the ages of the persons affected during the peric 
of the outbreak were as follows: 

TABLE No. 4.—Giving ages of persons affected. 

Number of cases reported. 

Decem- | January,| Febru- | March, 
ber, 1909.|. 1910. lary, 1910.) 1910.’ | Total 

OW “yeas oss. 6 cece anes oe ce ee 8 1 i if 

OO JO:V CONG aa ne ee eee ne earn 15 zi 20 21 

TO til 4 Veter ci). ERs eo eee oe re ae 8 6 32 15 

AGED 19 GRASS ce ko ate oe oe oe Sain toe wares 13 10 33 23 

FAMED PAS COTE 35. th Bin cls seein Gewese Ope ese cee eis 15 13 46 21 

PE TO CONS Oo 6: is oo a ows RO aad oe aes es ae 22 2 42 19 

BOO O47) Chih 3) fe). oe h(a arabian eee a 1A. 12 18 6 

BES TAD LY CUED oie 'oc ook occ ciety 6 a eee cade Se Ses at oes 5 3 9 5 

meek yibee. bo A ee . i) ak Be © 5 2 

BSI AO WOBEB bie. TT 4 obs ee ae Se eattaa sa aac s | 2 2 4 5 

DURA UOMO fF. Bow dn > Paes cent ase ose ase Ge 1 1 1 1 

POON eae ac p> «xc rin v calae «td bws Ohpretene ois -app galp-oe et eeek i. 3 1 

DP PV OR Boo ore. pieced = Seas cies Dawes acne cede d| >.> ecly eis oo hee eee LilSSo. eee 

TUPI Bo eee br ties wee ee Re ere eee ae 12 10 25 28 

SRT cot base Snsetch oe th cece tn eae aee 114 68 246 154 
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furnished the majority 
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From Table No. 4 and Chart No. 5 it appears that the disease was 
distributed quite generally through the population. 

That there was no strikingly disproportionate 
The proportion of cases among persons under 15 years of age was 

not strikingly large. 
incidence of the disease among children is one point’ in the evidence 

age generally considered to be that of greatest susceptibility to ty- 
phoid infection—viz, from 10 to 30 years 
of the cases. 
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In Omaha 

persons under 15 years of age furnished about 29 per cent of the cases 
occurring during the outbreak, while in Washington persons under 

2 

CHART No. 5.—Showing incidence of cases among persons in different decades of life. 

72—10 

In this connection it is instructive to compare the proportion of 

60700°—Bull. 

against the milk supply having been the chief factor in the pro- 

cases among children in Omaha with the proportion observed to _ 
occur in Washington, D. C., where milk and contact are considered 

duction of the outbreak. 

the chief factors in the spread of typhoid fever infection. 
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15 years of age furnished about 37 per cent of the cases occurring 

during the typhoid seasons (May 1 to Nov. 1) of 1907 * and 1908 ®. 

GEOGRAPHICAL DISTRIBUTION. 

Maps Nos. 1, 2, and 3 show the location of residences of persons 

affected according to addresses given in report of cases to the health 

office during January, February, and March, 1910. 
It appears from these nraps that the disease was quite general 

distributed over the city. Comparatively few cases developed among® 
persons whose residences were not in the area supplied with the 

city’s water supply from the Missouri River. A large proportion off 
the persons whose residences are not connected with the city water 
supply no doubt use the river water either at their places of occupa 
tion or at places visited for business or social purposes. 

The results of a detailed study of 105 cases indicated that the 
incidence of the disease was disproportionately high among persons 
who resided in or who had their places of occupation in an eastern 
section of the city bounded on the north by Lake street, on the west) 
by Sixteenth street, and on the south by Leavenworth street. 
discussion of the sionificance of the high prevalence among persons 
habitually exposed to the conditions in this section of the city 
given on page 37 under the head of ‘“ Water.” 

DIAGNOSIS. 

After attention has been sharply attracted to the existence of ar 
outbreak of typhoid fever in a locality, there is always a likelihood thai 
a number of cases will be reported by the local physicians as typhoie¢ 
fever which are really cases of other diseases. At the meeting of th 
Omaha-Douglas County Medical Society on April 2, it was suggeste¢ 
by some of the physicians present that the large number of casef 
reported might be explained, in part at least, by erroneous diagnoses 

During the investigation a special effort was made to determine, a 
accurately as was then possible, the percentage of error in diagnosis 
About 50 cases, still in the febrile stage of the disease, were examine 
clinically. The vast majority of these presented the characteristi 
clinical features of typhoid fever. Widal tests of the blood of abou 
20 patients were made and the majority gave a positive reaction 
Cultures were made from the blood of seven patients and the typhoi 
bacillus was obtained from the blood of five. The blood serums ¢ 
the two patients from whose blood the typhoid bacillus was no 
obtained by culture gave positive Widal reactions. 

The technique followed in making the blood cultures were as fol 
lows: Five cubic centimeters of blood were taken with a syring 

aHygienic Laboratory Bulletin No. 44, Report No. 2, on the ‘‘Origin and Prevg 
lence of Typhoid Fever in the District of Columbia (1907),’’ pp. 15-17. 

b Hygienic Laboratory Bulletin No. 52, Report No. 3, on the ‘Origin and Preve 
lence of Typhoid Fever in the District of Columbia (1908),”’ pp. 20-21, 
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ider aseptic conditions by puncture of a vein at the elbow. The 
. transferred at once to a tube containing 20 cubic centi- 
eters of sterilized ox-bile. The blood-bile mixture was incubated 
37° C. for from fifteen to twenty-four hours. Then four or five 

rops of the blood-bile mixture were pipetted onto a plate of lactose- 
tmus agar or plain agar.? The drops were spread over the first 
late with a glass rod bent at a right angle. From the first plate 
he rod was rubbed over the surfaces of a second and a third plate, 
hus securing dilution. The plates then were incubated for eighteen 
0 twenty-four hours and typhoid-like colonies were ‘fished’’ and 
Dated in tubes of bouillon. Tubes which showed a typhoid-like 
rowth were tested with antityphoid serum. If agglutination 
ecurred, the tube was shaken to break up clumps and some of the 
ontents plated out in order to obtain the organism in pure culture. 
ifter the organism was obtained in presumably pure culture it was 
arried through the various media on which the typhoid bacillus 
ives differentiative cultural characteristics. 
The following table gives the results of the blood cultures: 

TaBLE No. 5.—Showing results of blood cultures for B. typhosus. 

t 
Tem- 

peta-”| Quan- 
Definite eae tity of | Date of | Result 

0. Patient. onset of | Clinical course. blood | blood | taking | of cul- Remarks. 
illness. aia taken | blood. ture. 

taken | (CC) 
CFE.) 

1| E. W. (M., W., | Mar. 19 | Mild; no rose 99.2 10.) Apr. 1 ~ Widal +; tempera- 

adult). spots ob- ture curve de- 

served. scending for sev- 

eral days before 

blood was taken. 

S. H. (M., W., |...do..... Typical... .... 101.4 5) Apren % + Widal +; tempera- 

aet. 29). : ture descending. 

J. R. (M., W., | Mar. 29| Mild; rose} 101.0 Bul sed Oe pee = Do. 

aet. 22). 5 spots (?). 

K. C. (M., Syri- | Apr. 1 | Typical....... 103.5 Bist eee + Widal +. 

an; aet. 10). 

5| J. R. (M., W.,| Feb. 20| Typical and! 102.0 5| Apr. 9| + | Widal—. 
‘| adult). long dura- 

E tion. 

6) T. B. (M., W., | Mar. 20} Typical....... 100.6 Dt Seaouen es + Widal +; tempera- 

") adult). ture descending. 

mi: 8. (M., W.,| Apr. 4/..... donc). 32." 10853 5| Apr. 8| + | Widal—. 
-| adult) 

It is a considerable advantage, but by no means essential, to use for this plating Endo or some other 
jum selective for the typhoid group of organisms because by so doing the confusion and trouble occa- 
ally resulting from contaminations with skin cocci or other organisms can be obviated to a large 

tent. ; : 
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Judging by the results of the clinical observation of cases and of 

the laboratory tests, it seems probable that at least 85 or 90 per 
cent of the cases renowned as typhoid fever during the outhrnen wert 
correctly reported as such. 

In the canvass of about 100 homes, 8 or 10 cases were found whick 

were clinically typhoid but which had not been reported. There 
fore it appears reasonable to believe that fully as many cases o! 
typhoid actually occurred as the record of reported cases showed 
This view is supported by the fact that the proportion of deaths t« 
cases was as high as is usual in extensive outbreaks of this character 
The records show a report from December 1, 1909, to April 1, 1910 
of 582 cases and 59 deaths, thus showing a case fatality rate of about 
10 per cent. 

IMPORTED CASES. 

One of the many suggestions offered to explain in whole or in par 
the high rate of prevalence of the disease was that a large propor 
tion of the cases reported had occurred in persons who had con. 
tracted the infection elsewhere and had come to Omaha after or ¢ 
short while before onset of illness. Effort was made, therefore, t 
determine as accurately as possible the place of infection of the cases 
The whereabouts of the persons affected during the thirty days prior i 
onset of illness and the probability of exposure to infection in og 
place were considered. 

Of the 105 cases investigated only six gave a history of havi 
been away from Omaha within thirty days prior to onset of illnes 
Of these six, one had not been in Omaha prior to onset of illn 
and undoubtedly contracted the infection elsewhere; one had be 
away from the city, nursing a case of typhoid fever for a period 0 
six weeks ending eleven days before definite onset of illness, and prob 
ably contracted infection while away; and four had been away fron 

Omaha for periods of less than one-fourth of the thirty days pri 
to illness and possibly contracted the infection while away, bu 
more probably contracted the infection in Omaha. 

The 105 cases may be classed as follows: 
Num 
of c 

(1) Infection undoubtedly contracted in Omaha...................-2+222------- 
(2) Infection probably (chances over 75 per cent) contracted in Omaha......... 
(3) Infection probably (chances over 75 per cent) contracted away from Omaha... 
(4) Infection undoubtedly contracted away from Omaha............... Ee 

Judging from these data it appears that over 95 per cent of 
persons affected during the outbreak contracted the infection in 
city of Omaha, 



POSSIBLE SOURCES OF INFECTION. 

The time of occurrence, the extent and the distribution of the 
outbreak indicated (1) that the infection had been spread under 
sonditions of cold winter weather; (2) that some condition or set of 

sonditions had arisen which were remarkably, and certainly very 
amusually, favorable to the causation of typhoid fever in that season 
% the year; and (3) that the city’s population quite generally had 
been exposed to the infection. The following possible immediate 
sources of infection, therefore, were to be considered: (i) Water 
supply, (2) milk supply, (3) raw vegetables and fruits, (4) raw shell- 

ish, (5) other food supplies, including ice cream, bakery products, 
stc., (6) ice supply, and (7) air (dust). 
Personal contact, sewage disposal, and local sanitary conditions, 

also, were to be carefully considered as factors operating through the 
above-mentioned media or otherwise. 

Flies as a considerable factor in the spread of the infection could 
9e definitely excluded, because during the period in which the out- 
break was caused there were certainly very few flies in Omaha, and 
these could not have been very active during the cold weather. Con- 
sidered together, the season and the distribution of the disease pre- 
slude the likelihood that insects or any vermin could have consti- 
uted a very considerable factor. 

ICE. 

As the outbreak was caused for the most part during cold winter 
weather, it is unlikely that many of the persons affected had used 
ce in drinking water or in other ways by which organisms contained 
n the ice would have been swallowed. 
Of the 103 cases considered to have contracted the infection in 

IJmaha, which were investigated, only two gave a history of having 
1abitually used ice in drinking water during the thirty days prior to 
mset of illness. One of these had used only the manufactured ice 
ud the other was not certain whether the ice used was manufactured 
wr natural. 

_ A large part—possibly as much as 40 or 50 per cent—of the ice 
a in Omaha is natural ice. Some of this is harvested from nearby 

| 

(21) 
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lakes, but the greater part of it is harvested from the Missouri Rive 
The ice harvested from the river, in all probability, contains fewer 
disease-producing organisms than did the water from which it was 
derived. Although ice may be eliminated beyond reasonable doubt 
as having been a considerable factor in the production of the out- 
break, it should be borne in mind that ice harvested from polluted 
waters, as was most of Omaha’s natural supply during the winter o 
1909-10, may become, upon the advent of warm weather and co 
sequent increased use of ice in beverages and foods, an importa 
source of infection. 

MILK. 

The general features of the outbreak were not those usual to an 
extensive outbreak caused by milk-borne infection. There was n 
disproportionately large number of cases among children, and ther 
appeared to be no unusually large number of instances in which two or 
more cases developed at about the same time in the same household 
Yet some of the local physicians had become impressed with the fact 
that a large proportion of their typhoid patients were among persons 
who had used milk supplied by a certain dairy company which con- 
ducts a large retail business in Omaha, and expressed the view that 
the outbreak was caused by infection in the milk supplied by this 
company. ) 

Special attention was given, in the course of the investigation, t 
the milk supply as being possibly the immediate source of the infee 
tion. In order to determine if there was any disproportionately 
large number of typhoid cases among the customers of any particulal 
dairymen, a list of all the dairies in Omaha was made, giving, as accu- 
rately as could be ascertained, the amount of milk sold from each dur. 
ing the months of January, February, and March, 1910. Then, in the 
investigation of cases, careful inquiry was made to determine the 

sources of milk used during the thirty days prior to illness by the per 
sons affected. } 

Of the 103 cases investigated, satisfactorily definite data as to usé 
of milk during the thirty days prior to onset of illness were obtaine¢ 
from 99. Of these, 18 gave a history of not having used milk in any 
way, 4 of having used only milk which was boiled subsequent to pur 
chase, 3 of having used milk only as ice cream, 5 of having used milk 
only from their own or a neighbor’s cows, and the remaining 69 case 
were distributed among the customers of 30 different dairymen. 
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_ The 103 cases gave the following history as to the way in which 
milk was used prior to illness: 

How used: a cokes. 
IY LOMAS 52's WOU IME De wine w'e'o baa paldhmddsc dine auld oWeasebade. a 28 

=) On fruits or cereals, but not as beverage................0. ccc cece cececcceess 33 

| I CNRS OULU 00. EIU sie u's 2b, we ble, d wien bie» damned olde eiwalaiinte’y molt 18 

meace cream Only..........5.....5-- Sy wale i a al to ng funk die vecd tein ake a ae 3 
EON 50. Wy fons SONY 4 ol sa js ee nn oul sade inne denbidaee anes ake s 18 
i RR at ye ll ea a SF ill Ra Ea 3 

OS S24 she, 3). i'd sha ah wd hws o's Bi did d slacn win ota diate oh al Sbldau eee bidewe 103 

_ Of the cases which used milk as a beverage, 4 used boiled milk 
exclusively. 

The milk supply of Omaha is distributed from about 70 dairies 
located in or near the city. Two dairies, A and B, are controlled by 

companies and do a large business. About 50 per cent of the milk 
consumed in Omaha is distributed from these two dairies. Most of 
the milk from dairy A is retailed, about 5,000 households being sup- 
plied directly from this dairy; while most of the milk from dairy B 
goes into the wholesale trade, being distributed to hotels, restaurants, 
groceries, bakeries, etc. At both dairies (A and B) milk cans and 
bottles are sterilized. About 95 per cent of the milk distributed 
from dairy A is pasteurized; the remaining 5 per cent is obtained 
from special farms and is ‘‘certified.’”’ The whole output from 
dairy B is pasteurized. 

The work at both these dairies is supervised as thoroughly as prac- 
ticable by the health officer. An inspector from the health office 
makes frequent visits, usually daily and sometimes on several occa- 
sions within a day, to each of the plants. 

The health officer appears to have been commendably energetic 
in his effort to get a safe milk supply for Omaha. Besides supervis- 
ing the work at these two large dairies, he is apparently using to the 
best practicable advantage his too limited force of inspectors to 

_ @1T¢ is instructive to compare this percentage (27) with the percentages of cases 

which gave a history of having used milk as a beverage among those investigated in 
Washington, D. C., in 1906, 1907, and 1908. Thus: 

Number of |Percentage 
cases in- | used milk 

vestigated. | as beverage. 

747 65 

523 55 

See Hygienic Laboratory Bulletins: No. 35, p. 61, for 1906; No. 44, p. 46, for 1907; 
No. 52, p. 100, for 1908. 
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bring about improved sanitary conditions and safer methods of 
handling milk at the farms and small dairies from which the rest of 
the city’s milk supply comes. 

Of the 103 cases of typhoid fever investigated, the number of cases 
among the customers of the different dairymen was roughly propor- 
tionate to the amount of milk sold by the dairymen. No one of the 
dairymen had a number of cases among his customers sufficiently 
out of proportion to amount of milk sold to warrant a reasonable 
suspicion that the milk sold by him was the source of the infection. 

Twenty-four of the 103 cases gave a history of having used regu- 
larly or occasionally within the thirty days prior to illness milk sup- 
plied from dairy A. This number, at first glance, seems large, and it 
was the output from this dairy that some of the local physicians, as 
referred to above, had regarded as the source of infection. But when | 

this number, composing about 23 per cent of the cases investigated, 
is considered in connection with the fact that about 35 per cent of the 
milk retailed in Omaha is distributed directly or indirectly from this 
dairy, it becomes evident that the number was not even large enough 
to show that the incidence of the disease was as great among persons 
supplied with milk from this dairy as it was among the general popula- 
tion of the city. 

In this connection, it should be borne in mind that the proper 
sterilization of milk bottles and the pasteurization of milk may be 
something of a safeguard to a community when visited by an out-— 
break of typhoid fever even caused solely by water-borne infection, 
because if the infectious organisms in the water find their way into 
milk, as they are almost sure to do from time to time if the cans and 
bottles are washed in the polluted water and not sterilized before being’ 
used as containers for the milk, they may undergo there tremendous 
multiplication and so be ceed to the people in much larger doses 

- than they probably ever would be conveyed by the water directly.2 — 
From the foregoing data it appears that the milk supply can be 

definitely eliminated as having been the chief and primary or even 
a considerable factor in the production of the outbreak. 

ICE CREAM. 

A large proportion of the ice cream used in Omaha is made from 
pasteurized cream. The raw cream used for making ice cream is 
supplied almost, if not quite, wholly from dairies from which milk is 
distributed in the city. 

Of the 103 cases investigated only 12 gave a history of having eatell | 
ice cream within the period of thirty days prior to illness. These 12 

aHygienic Laboratory Bulletin No. 56, ‘‘Milk and Its Relation to the Public 
Health,”’ p. 157. 
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cases were distributed among the customers of several ice-cream 
producers. 

It is evident from these data that ice cream was not a considerable 

factor. 

37 
‘ 

RAW SHELLFISH. 

The following table gives the history of the 103 cases in regard to 
the eating of raw oysters and clams within the thirty days prior to 
illness: 

Shellfish. Tes TOM” aie es | Rae 

EE ee eee oe) Pee ee 7 91 5 103 
Rr etree ob a eeinten ous on cnececesecnesie’ 0 98 5 103 

The small proportion of cases giving a history of having eaten 
oysters or clams shows that raw shellfish could not have been an im- 
portant factor in the production of the outbreak. 

RAW VEGETABLES. 

The following table gives the history of the 103 cases in regard to 
the eating of celery and lettuce within the thirty days prior to illness: 

N - Raw vegetables. Yue Nor* |e sip Ae a 

Celery.....---------+- 20+ 2- 20-20 e eens eee eee ee ee wee teen eee ee eee eee 41 vi 5 103 
ea ea kd Si ee a 24 74 5 103 

These figures show that the majority of the cases certainly could 
not have been caused by infection in either the celery supply or the 
lettuce supply. 

Most of the celery sold in Omaha during the winter was obtained 
from truck farms in sections of Michigan and of Southern States. 
From these same sections no doubt other American cities, some of 
which did not have during the past winter any unusual occurrence 
of typhoid fever, also obtained a part of their supply of celery. Most 
of the lettuce sold in Omaha during the winter was leaf lettuce raised 
in hothouses, located in Iowa and Nebraska. Some—the head let- 
tuce—was obtained from truck patches in the South. Some of the 
other cities and towns using lettuce from the same sections of the 
country did not have typhoid outbreaks. From a consideration of 
the foregoing, it does not appear reasonable to believe that celery 
and lettuce could have been a very important factor in the production 
of the outbreak in Omaha. 
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BAKERY PRODUCTS AND OTHER GENERAL FOOD SUPPLIES. 

In view of the complex conditions under which the general food. 
supplies of the average city are prepared and distributed, the number 
of persons through whose hands they pass, and the readiness with 
which typhoid infection may be carried from the bedsides of patients 
and from the excreta of bacillus carriers, it is almost inconceivable 
that these food supplies do not play some part in the spread of infec- 
tion after the infection has been introduced into a city and widely 
disseminated among the people. But considering the general fea- 
tures of the outbreak and the fact that the conditions under which 
the food supplies were handled during the period in which the out- 
break was caused, were, so far as could be ascertained, either better 
or certainly no worse than in previous years, it does not seem rea- 
sonable to suppose that bakery products and other general food sup- 
plies could have played more than a secondary and relatively small . 
part in the production of the outbreak in Omaha. 

DUST. 

As the ground at Omaha was covered with snow from December 3, — 
1909, to February 1, 1910—that is, during the greater part of the time | 
in which the outbreak was caused—it does not seem possible that 
much of the infection could have been disseminated in air-borne dust. | 
Furthermore, if dust had. been abundant it would still be difficult to ~ 

conceive of any source from which infection sufficient to cause such — 
an outbreak could have been carried in the dust. 

SEWAGE DISPOSAL AND GENERAL SANITARY CONDITIONS.. 

The greater part of the city is provided with a water-carriage — 
sewerage system. Exact data on the subject were not obtainable, | 
but it is estimated that about two-thirds of the houses in the city” 
are connected with the city sewerage system. The main sewers 
empty the sewage entering the water-carriage system into the Mis- 
sourl River. Three of these main sewers discharge into the river at 
points along the city’s water front. One discharges into Papillion” 
Creek and thence into the river below (south of) the city, and one~ 

discharges into the river at a point above, (north of) the city and 

about 8 miles upstream from one of the intakes for the mye s water 
supply. (See Map No. 4, and p. 36 under head of ‘‘ Water.’ ”) Thus. 

Omaha, consistent with the practice followed by many other cities” 
on the Missouri River, uses this river both as a sewer and as a source” 
of water supply, even going so far, by having one of the intakes for its 
water supply below the outlet of one of its main sewers, as to partake” 
in its own drinking-water supply some of the sewage which it con- 
tributes to the general pollution of the river. 
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| In view of the rapidly increasing population along the great water 
courses of the United States, and the frequently demonstrated fallacy 
of the belief that running water adequately purifies itself of dangerous 
sewage pollution, it certainly seems time for action to be taken by 
interurban or interstate agreement to have the different streams 
used either as sources of water supply or as sewers, and not for both 
purposes. 

The Missouri-Mississippi River and the other great interstate water 
courses seem to present, at the present time, a large and very impor- 
tant field of action for the health forces of the National Government. 
The investigation of these water courses in respect to sewage pollu- 
tion and to their use as sources of water supply certainly could be 
conducted by the agents of the national health organization in such 
a way as to obviate any reasonable criticism that the methods fol- 
lowed and the conclusions reached were being influenced by local 
(or state) prejudice. 

Furthermore, if the different laboratories necessary to the investi- 
gation were equipped from the same national appropriation and their 
personnel were responsible to the same central head it is obvious that 
the work could be done more economically, more consistently, and, 
so far as expense to the different States affected would be concerned, 
more equitably than it could be done by the health organizations of 
the different States working either independently or cooperatively. 

As the pollution of these water courses affects the commercial 
welfare of the communities using these water courses as sources of 
water supply—particularly and specifically by affecting the health 
of personnel of vehicles operated by common carriers—and as the 
pollution in water supplies will certainly from time to time find its 
way into and dangerously contaminate.and render impure many of 
the various beverages and foods (dairy products particularly) such as 
are usually handled in the course of interstate traffic, the investi- 
gation and control of the sewage pollution of these water courses 
would appear to come thoroughly within the scope of the constitu- 
tional powers of the Congress of the United States to regulate inter- 
state commerce. 

All of the residences inspected in Omaha which were not connected 
with the water-carriage sewerage system were found to be provided 
with either cesspools or privies, cesspools (or “privy vaults’) being 
vastly in the majority. Very few of the cesspools were found to be 
water-tight, most of them being merely holes dug in the ground to 
a depth of about 6 feet. In a few instances there appeared to be a 
likelihood of seepage from the cesspool to nearby wells, but evidence 
was lacking that such seepage contributed much to the spread of 
infection during the outbreak. 



28 

The incidence of the disease appeared to be as great among persons 
living at residences connected with the city’s sewerage system as 
among those living at residences provided with cesspools. Of the 
103 cases investigated 68 were among persons living at residences” 
connected with the city sewerage system and at which there were 
water-closets, 34 at residences not connected with the city sewerage 
system and at which there were cesspools or privies, and‘’1 at a 
residence where the method of sewage disposal was not noted. Of 
the 68 cases at residences connected with the city sewerage system, 
58 were at residences having water-closets in the house only, and 10 
at residences having water-closets in the yard only. 

In the investigation of the 103 cases, nine instances were met with — 
in which two or more cases had developed in the same residence. 
Of these nine instances, six were at homes connected with the city 
sewerage system and three at houses provided with cesspools or 
privies; so it appears that secondary cases were not much, if any, 
more frequent among persons living at houses provided with cesspools 
or privies than among those living at homes connected with the city 
sewerage system. 

In the following table is given the general sanitary condition of 
the residences at which the persons who furnished the 103 cases 
investigated had lived at the time when the infection was presumably 
contracted: 

Number | Per cent aa : * 
Condition of residence of cases. | Of babes: 

MOO er Shia e oon oe sate eek AE ee ceed ein cee bedded toe gene =e 22 21.4 

CT INONRE oa 2. 2 «'4 a tke Raiunwie = Sa cee bE - Balan vind pietgu daosk) = scan gs oa 37| 86.0 

Tat fd) 07:16 hh eh a oan nS Se eae aoe ar SMe RE ee at Seas toe 5 29 28.1 

WS ee ec oc ee ces ce coeins oe eae ele Soe ak ae eee eee as ak ee ee eee ee 14 13.6 

Mop adetermined: oo. asc cose lik ee RN oe tarde ceed Se cae eee eee See 1 9 

MOUAN oo ooo. 5 Sc lar eis ah bte clove cs ayainia ela Sie emcee hole cite pais ~~ 2 9 oe eee 103 100.0 

a The definitions of the terms used in this table correspond to those used in Hygienic Laboratory Bulletin 

No. 35, Report No. 1, on the ‘‘ Origin and Prevalence of Typhoid Fever in the District of Columbia,” p. 46. 

From the foregoing data it is evident that the chief factor in the 
production of the outbreak was not dependent for its operation upon 
insanitary conditions at places of residence of persons affected. | 

CONTACT. 

Of the 103 cases investigated, 14 gave a history of association — 
during the thirty days prior to onset of illness with previous cases in 
the febrile stage of the disease, and were attributable to infection by — 
personal contact. . 

As the cases investigated were reported subsequent to February 
28 it is probable that the percentage of secondary or contact cases 
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was higher among them than it was among those occurring in the 
early part of the outbreak. 
_ Few facts in the epidemiology of infectious diseases have been 
‘more definitely established than has the fact that when typhoid 
‘infection is introduced into a community, no matter through what 
channels, and the disease continues to prevail extensively for some 
time, personal contact or contagion sooner or later will become, 
unless specific and rigid precautions be taken to prevent it, an 
important factor in the spread of the infection. 

The outbreak at Omaha was not exceptional in this respect and 
personal contact beyond reasonable doubt did operate to some 
extent as a factor in the spread of the infection; but in view of the 
extent and the explosive character of the outbreak, the percentage 
of cases among those occurring even toward the end of the outbreak 
which gave a history of association with previous cases, and the fact 
that without any extraordinary precautions having been taken to 
prevent infection by personal contact, the disease, after becoming 
widely disseminated over the community, suddenly began to decline 
and soon reached a point which may be called ‘‘normal”’ for the 
community at that season, it is evident that in the production of this 
outbreak personal contact operated only as a factor secondary to 
some other factor which was chief and primary. 



WATER. 

The general water supply of Omaha is obtained from the Missouri — 
River. It is estimated that about four-fifths of the houses in the 
city proper are connected with this water supply and that probably 
about 90 per cent of the population use the river water as the sole 
or’principal supply for drinking and culinary purposes. There are 
a number of wells and a few springs still in use, but these are for the 
most part in the outskirts of the city, and all of them, so far as was 
ascertained, are on private property. 

| 

Of the 103 cases investigated, 98, or about 95 per cent, gave a 
definite history of having used the unboiled Missouri River water , 
supplied through the regular city system as the sole, principal or | 
occasional source of water for drinking purposes during the thirty 
days prior to onset of illness. The following table gives the sources 
of water used for drinking during the thirty days prior to illness by 
the 103 persons affected and whose cases were investigated: 

Water: 

Raw tap— Number of cases. 
SOLELY. oars inc Spine wiche wre ate = cine © bie) tin ele ong et a a at 51 9 
Principally... 2-62. sawe odeise an bes ten Seine a ain na oneal 21 
PRPOREIODOINV: oc pee Dee pee oss ois Vote ek aie Leeds bbe ) Ce 26 a 

Occasionally(?)....-2.2. 222 cee cee nee ee obs + be eee san 3G 
Boiled tap— 

re) ol i a a OMEN 1 
Principally. oo. 6. eek eigen oe ob ee ent » 2 3. Sate ee 21 
Occasionally «as iain cect ics bw onic SEI o'Sie p= rm ym om mae eh ct 15 

Private wells or springs in Omaha— 

<0) i Emme er 1 
Principally... ,.. 2.22. feiss eee ew e+, - ohn be 3. ee 7 
Occasionally. .\...2. 20.8202 ee Se ae; lip s ~ e  elae ene 5 

Bottled and vended— 
2) ee ah mS MEM 0 
Principally 2. <oj2on'. ee oie n'o's See a vie eb oa. 8 bien sms == Pe 5 Ol 1 
Occasiotiallyy 00. 2. oss ecip twins cee te ee nibs vat © 2 wn oie ee rn 0 F 

Various sources out of Omaha— 
OMB 2 oan - wie wie oie SN bie hyn whlch erwin WAib a's >» shoe ble awe e » eine ee 0 
Principally. .'.¢s0c0- 0s cs sce see gs’ s 6 De ges: 0 = ieee eee 0 
Occasionally. . 2... s0seaseina'e shee de oe bom - Sw bee bee's ols nly pie 4 

Of the 30 cases which gave a history of having used solely or prin- 
cipally for drinking the boiled tap, well or spring, or bottled waters, 
9, or 30 per cent, were in persons who had been in the thirty days 
prior to illness in free association with previous cases in the febrile 

(30) 
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stage of the disease and were attributable to infection by personal 
contact. The relatively large percentage of contact histories in this 
group of cases is somewhat significant, in that it suggests that when 
the raw tap water as a possible factor in the distribution of the in- 
fection could be to some extent eliminated, other factors took a more 
prominent place. 

_ Of the cases listed as having used principally for drinking water 
other than the raw tap water, the vast majority were in persons who 
did use in considerable amount the unboiled tap water for drinking, 
many of them being school children and other persons who used for 
drinking boiled tap, well or spring, or bottled water at their homes, 
but who drank the raw tap water at the public schools or at their 
places of occupation. 

The school board did not see fit to take action at any time during 
the outbreak to provide water other than the raw tap for use in the 
public schools. If this water were the source of the infection which 
caused the outbreak it is almost certain that some of the cases in 
school children resulted from the use of unboiled water at the public 
schools. Furthermore it may be expected that certain families were 
influenced to discontinue or not to begin boiling the water for use at 
their homes by reason of the fact that their children were given the 
unboiled water to drink at the public schools. Several instances of 
this kind were learned of definitely in the course of visits to homes 
for the investigation of cases. 

The public water supply of the city has been owned and controlled 
for the past twenty years or more by a private company known as 
the ‘‘Omaha Water Company.” A year or so ago the city authorities 
took steps to take over from the water company the control and 
ownership of the water-supply system, but the terms of assessment 
of the property could not be agreed upon and the matter was taken 
before the courts for adjudication, and was still pending before the 
courts at the time of the outbreak. This circumstance added some- 
what to the complexity of the situation, particularly in respect to 
ihe adoption of measures for the improvement of the water supply.* 
The city’s water supply is taken from the river at two points (see 
ap No. 4), one, the north intake, being a few feet from the bank 
f the river at Florence, and the other, the south intake, being about 
50 feet out in the river nearly on a line leading east from the foot 

of Burt street. About 20,000,000 gallons of water from the river 
re supplied to the city daily; of this amount about 16,000,000 gal- 
ons are pumped from the north or Florence intake, and about 
[000,000 gallons from the south or Burt street intake. At each 
tation the water passes through several settling reservoirs, the 
sapacity of these reservoirs and the rate of flow through them being 

# See Appendix, p. 50. Het 
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such as to give the water storage for about six hours (estimated). 
the second reservoir of the series at each station a coagulant (alum) 
is applied to the water. The river water is very turbid, but the 
coagulant and the storage, even for such a short period, effect a 
marked reduction in the turbidity and also a considerable reduction — 

in the bacterial content of the water. The process can not be 
regarded, however, in view of the results of the bacteriologic exami- 
nations given below, as being sufficient to render the water reasonably 
free from whatever dangerous pollution it may contain. 

From the Florence reservoirs the water is pumped to the Walnut © 
Hill reservoir (see Map No. 4), which is located at a relatively high 
elevation in the western part of Omaha and serves as a standpipe 
from which pressure is supplied for distributing the water to the city. 
The main from the Burt street reservoirs extends to the Walnut Hill 
reservoirs. There appeared to be some difference of opinion among 
the local engineers as to whether any of the water from the Burt , 
street station was pumped during the period of the outbreak as far 
as the Walnut Hill reservoir, but the officials of the water company, 
who were certainly in a position to be correctly informed on that 
subject, positively asserted that none of the water from the Burt 
street station had reached the Walnut Hill reservoir at any time 
within the ten years preceding the investigation in April, 1910. 
These officials state that all the water taken in at the Burt street 
station is limited in its distribution to the relatively unelevated and _ 
eastern section of the city bounded on the north by Lake street, on — 
the west by Sixteenth street, and on the south by Lesreaaaas 
street. When the pump at the Burt street station is stopped, as i 
frequently is at night—this Burt street supply being used only 
an auxiliary to the principal supply from the Florence station—tHil 
mains in this section of the city are supplied with water from the 
Walnut Hill reservoir. Therefore, according to information received 
from the manager of the water company it is clear that while the | 
water from the Florence intake is distributed over all parts of the 
city connected with the water system, the water from the Burt street 
intake is distributed only to the eastern, relatively unelevated section 
of the city, referred to above. 

‘J 

BACTERIOLOGIC EXAMINATION OF THE MISSOURI RIVER WATER SUPPLY. 

The technique followed in making the bacteriologic examinations 
of the water was that recommended by the committee on standard 
methods of water analysis of the American Public Health Association 
on January 9, 1905. | 

The beboradory of the Creighton Medical College, where the bacterio 
logic work was done, did not have facilities for the use of gelatin” 
plates, so that in making the bacterial counts agar plates were used 
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The colonies were counted after the plates had been kept at 37° C. 
for forty-eight hours from the time of seeding. For most waters it 
_ is understood that agar plates kept at 37° C. will average considerably 
lower counts than will gelatine plates kept at 20° C. The press of 
other work made it impossible at the time to conduct a very exhaus- 
tive bacteriologic study of the water, but enough was done to form 
‘a satisfactorily definite idea of the bacterial content of the water and 
the degree of improvement of the water effected by the storage and 
use of coagulant at the two systems of reservoirs. The samples of 
water examined were taken from (a) the inlet to the first storage 

reservoir at the Florence station; this representing the water from 
_the river as it entered the Florence intake; (6) the outlet from the 
last in the series of storage reservoirs at Florence; this representing 
_the water after storage and treatment with a coagulant in the Florence 
‘system of reservoirs and just as it started to the Walnut Hill reservoir 
for distribution to the city; (c) the inlet to the first storage reservoir 

at the Burt street station; this representing the water from the river 

“as it entered the Burt street intake; (d) the outlet from the last in 
the series of storage reservoirs at the Burt street station; this repre- 
senting the water after storage and treatment with a coagulant in the 
system of reservoirs at the Burt street station and as it was delivered 
a the mains for distribution to the city; (e) the tap at the bacterio- 
logical laboratory of the Creighton Medical College located on the 
northeast corner of Fourteenth and Davenport streets; this repre- 
senting a mixture of the effluents from both the Florence and Burt 
‘street reservoirs after the water had traversed the city mains for 
‘some distance. 

- In the following tables, A, B, C, D, and E, are given the results of 
the bacteriologic examinations of these samples of water: 

A TaBLE A.—Samples of (river water) influent to Florence system of reservoirs. 

Fermentation in 
es lactose bouillon. B. coli in— 

Date of examination. Bae oe 

MPe.O.) ioe 'o. || Tee | tone} tae 

1910 

ST EES Sige ee 3.840) + a (2) (2) 
a) Se ASR Ae eee 4,600| + i (2) (2) 
I 3,600| + + (2) (?) 
=o cig nehG ete SHAS ES 3 SIS Se eee ee er DF20O0 HE SSeS 8 sis 3) ee pee a Pee ee et od SE Be 

AES CEE ESS soe ca ee 6,400: |, a: re 4 4 
ibe 11, 400 + 4 + + 

MPI ORR NIU eth sl RU 6,340} 100%+ | 100%+ | 100%+ | 100%+ ' 



Number 
of 

bacteria 
inic.c. 

304 

Fermentation in 
lactose bouillon. 

10 Ces 

++tt+4+4 

100% + 

a Plates overgrown; ‘‘spreaders.” 

TaBLE C.—Samoples of (river water) influent to Burt street system of reservoirs. 

Number 

Date of examination. ae eal M 

PHELICS Ch 

1910. 

DF Oe ae ER rE ee, A seer 4, 600 

5h 3 As ai amie = eS t-pain Sees 5, 800 

PRUIDUL GS Nes Sree = oe S - See Ee ciats = sinks SEE (a) 

JAUABENR PS... ochkise 2-6 Soth C2.5. Ee geal ees Bake Oe a oe (a) 

SAND RUE «2 ies) 2 ooh Geno See ent sek eee 4, 600 

OMSL oa onset oooh Aaa ee oe 11, 600 

YG) rot ee Reese eee ee RE MERE Sol mas Ben oh 6, 650 

a Plates overgrown from 0.005 c. ¢c. 

TaBLE D.—Samples of effluent from Burt street system of reservoirs. 

Number 

Date of examination. a 

viel ileret YOR 

1910. 

RMN eis ts fae foe ee oe Pe ee ee ee (?) 

1 Se eee TEE Dens. Hr aA Ae 240 

PARSER lc ERS o-oo oiskt sors + |e ie ee ee 240 

SOND ooo aos, o ee's oc poy ns hy = eee ae epee ee eee (a) 

UO Re oe Sos SES 2 Mh Sh ae eee ae 280 

oT) Se ye ee gS OPE ee ie ai. 1.700 

PRVCLDEO et 80 oS noes 1 os ce eee Se ee 615 

‘ 

il CAG: 

Bubble. 

ao 

+ 

66% + 

Fermentation in 
lactose bouillon. 

HOG nc. 

100% 

esc; 

100%+ |  4€%- 

(?) (?) 
(?) ¥ 
(?) z 
(?) 7 
+ + 

B. coli in— 

t 

10'c. c. lec. @ 

100% + 

Fermentation in 
lactose bouillon. 

10'c.¢- 

++++++4+ 

- 100% + 

a Plates overgrown; ‘‘spreaders.”’ 

Lene: 

66% + 

100%+ | 100%+ 

100% + 

(2) (2) 
(2) (2) 
() (2) 

+ + 
(2) (?) 

B.coliin— 

10 c. ¢. le. C. 

4 
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TasLe E.—Samples of water from tap at laboratory on corner of Fourteenth and Davenport 

. 

Number aga whee = lactose | B. eslf— 

0 
Date of examination hasteria | a este : 

in be. c. 160.0.) LCi ec, 0.1 c.¢. 10 ¢. ¢. 16. ¢. 0.1 6.'¢. 

1910 

Le Ee a es 160 ee ee Oe re (?) ae Eada dees 

CEM SORCLM PRU addon ok 5 5%. 220 + eet) Ah. dee + — | a Erakohepetahhbed 

A AE 320 + + _ + + - 

a 520 4 SU RO rons (?) a EE 

C1 a a a a 305 | 100%+ 50% + 0%+ | 100%+ 338% + 0% 

It should be noted that these examinations were made on and after 
April 1, which was subsequent to the period of causation of the 
typhoid outbreak. A number of samples of the water examined 
during January and February, when the outbreak was at its height, 
showed, according to the results of Doctor Langfeld, the city bac- 
teriologist, a considerably higher bacterial count than the average 
for the above. 

THE MISSOURI RIVER WATER SUPPLY AND ITS RELATION TO THE TYPHOID OUTBREAK. 

The Missouri River at numerous points north of Omaha receives 
the sewage from a large number of persons, and therefore can be 
reasonably regarded as a somewhat dangerously polluted stream. 
‘The nearest large city to the north of Omaha which discharges its 
sewage directly into the river is Sioux City, Iowa. Sioux City is 
about 90 miles upstream from Omaha and has a population of about 
50,000. Along the watershed of the Missouri between Sioux City 
and Omaha there are a number of towns and villages, from many of 
which sewage finds its way into the river, either directly from sewers 
‘or overhanging privies or indirectly by surface washings or through 
‘streams tributary to the Missouri River. The water of the Missouri 
presents a decidedly turbid appearance, and in popular parlance the 
Tiver i is frequently referred to as ‘‘Old Muddy.”’ The suspended mat- 
ter appears to be made up largely of loam, clay, and fine sand. It is 
comparatively heavy, and when the water is allowed to stand it settles 
rapidly. Accurate turbidity readings were not made, but in a liter flask 
filled with the water and violently agitated and then kept at rest for 
five to ten minutes about 90 per cent, at a rough estimate, of the 
suspended mud will settle to the bobéchin The high turbidity of the 
water, though objectionable from an esthetic standpoint, is probably, 
i a strictly sanitary standpoint, a considerable advantage, because 

seems reasonable to believe that the mud in streaming Astotieatla: 
through the water must carry down with it a considerable proportion 
4 
z ‘ 

} 
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of whatever pathogenic organisms chance to be suspended in the 
water. The process may be regarded as one of natural filtration; 
the sand in this instance streams through the water, and so is the 
reverse of the process in artificial filtration, where the water streams — 
through the sand. 

LOCAL SEWAGE POLLUTION OF THE OMAHA WATER SUPPLY. 

Besides the large volumes of sewage known to enter the river at_ 
points farther upstream, the investigation revealed evident and gross } 
pollution of the water with human sewage at points within 8 miles 
above each intake for the city’s water supply. The mouth of Mill 
Creek empties into the river at a point about 500 feet above the Flor- 
ence intake. This creek carries into the river the drainage from a 
number of cesspools or privies and from a number of stable-manure 
dumps, etc. (See Map No. 4.) About 12 of the cesspools or privies 
are located on the banks of the creek within half a mile—1 within 40. 
feet—of the creek’s mouth. Considering the proximity of the creek’s’ 
mouth to the intake and the evident direction of the currents in that 
part of the river, the contents of this creek undoubtedly constitute a_ 
dangerous source of contamination for the water entering the Florence 
intake. | 

Below the Florence intake and above (upstream one the Burt 

street intake the river was found to receive gross sewage pollutiong 
from several different sources. (See Map No. 4.) ; 

(1) The main sewer from Florence passes under the Florence stor 

age basins and discharges the sewage of several hundred persons into 

the river at a point about 1 mile Below the Florence and about 9 miles 

above the Burt street intake. 4 
(2) The North Omaha sewer, conveying the sewage from about 

5,000 persons, including the occupants of a hospital, living in the 
northwest section of the city of Omaha, discharges into the river at 
a point about 8 miles above the Burt street intake. Previous to 
June 8, 1909, this North Omaha sewer discharged into Florence Lake. 
On thet date a ditch (see Map No. 4) was completed, and since anal 

the sewage from this sewer has been conveyed through the ditch 
directly into the river. Hence the winter of 1909-10 was the first 

winter in which the water at the Burt street intake had been pol- 

luted with the discharge from this large sewer. 

(3) An extensive dumping ground of Coucil Bluffs, Iowa, on the 

east side of the river, drains certainly to some extent, and at times 

of heavy rains to a very considerable extent, into the river at points 

from a half to three-quarters of a mile upstream from the Burt street 

intake. This ground receives the usual dumpings from a city, such” 

as ashes, rubbish, etc., and also dead animals and the night-soil from 

a large number of privies. At one place in the dumping ground there” 

; 
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vas observed a large heap which partially hung over the bank of the 
river and which was composed in considerable part of unmistakable 
privy contents. In order to determine definitely if the drainage from 
this particular heap was carried to any extent to the point in the river 
at which is located the Burt street intake, floats, some on the sur- 
face, some partially submerged, and some entirely submerged, were 
‘placed in the river just under the dump heap and followed down- 
stream by several of us in a boat. Most all of the floats were carried 
by the current, with all the definiteness of a laboratory experiment, 
immediately over or within 100 feet of the Burt street intake. 

(4) A number of privies, about 10 or 12, are located on the Omaha 

side of the river within a few hundred feet of the Burt street intake. 

Th times of high water it is very probable that the contents of some 
of these privies contribute to the contamination of the water entering 
the intake. 

_ From these observations it was evident that the water received 
from the Burt street intake was at the time of the outbreak exposed 
to much greater sewage pollution from comparatively near-by sources 
than was the water received from the Florence intake. In this con- 
nection the fact that the disease appeared to be particularly highly 
prevalent among persons who habitually used for drinking the water 
in the section of the city to which the distribution of the Burt street 
supply was confined becomes of striking significance. According to 
information received from the manager of the Omaha Water Com- 
pany, practically none of the water from the Burt street station was 
supplied to any part of the city outside of the section, previously 
referred to, bounded on the north by Lake street, on the west by 
‘Sixteenth street, and on the south by Leavenworth street. This sec- 
tion contains a number of industrial establishments, but has less than 

one-tenth of the city’s population. Of the 103 cases investigated, 
65, or over 63 per cent, were among persons who resided in, had their 
place of occupation in, or both resided and had their place of occupa- 
tion in this section. Thus the 10 to 20 per cent or less of the popu- 
lation habitually using for drinking purposes the water supplied in 
this section of the city furnished over 63 per cent of 103 cases inves- 
tigated, in the order in which they were reported from the whole city. 

i ONDITIONS IN THE RIVER WHICH MAY HAVE AFFECTED THE AMOUNT AND DEGREE 

; OF INFECTION IN THE WATER. 

If the outbreak in Omaha was caused by the pollution of the 
‘Missouri River water, the question which naturally arises, since the 
people had been using the polluted river water for years, is, Why had 
fr ot similar extensive outbreaks occurred before? The answer to this 

question may be found in one, or, perhaps to some extent, in all of the 
following hypothetical conditions: 
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(1) The specific organisms which cause typhoid fever may have 
been introduced into the water in unusually large numbers. 

(2) The organisms when introduced into the water may have been 
of an unusually high degree of infectiveness, or they may have become > 
so after getting into the water. 

(3) The river may have afforded conditions which were unusually 
favorable to concentration in the water of such organisms as were > 
introduced. 

(4) Conditions in the river water may have been unusually favor- 
able to the viability of the organisms. 

In support of the view that the organisms were introduced in un- 
usually large numbers is the fact that a part of the city’s water supply 
(the Burt street station supply) was exposed during the winter of 
1909-10 to more sewage contamination (that from the North Omaha _ 
sewer having been added) than it had been in any other winter for 
certainly a good many years. 4 

In support of the view that the conditions in the river water were 
unusually favorable to the concentration and perhaps also the life of 
the causative organisms are the following facts: 

(1) The condition of the river during the winter of 1909-10 was 
very unusual. A heavy rain beginning on November 12 continued 
for three or four days; the fall during this period was over 4 inches. 
These heavy rains must have washed into the current of the river a 
large amount of sewage and other matter which had accumulated on 
the watershed of the river above Omaha during the summer and fall. 
Judging by the report of cases, the beginning of the unusually high 
prevalence of typhoid fever was (by onset of illness of cases) about 
November 25, or about twelve days (the usual incubation period) | 
after the occurrence of the heavy rains. 

Soon after the heavy rains the cold weather set in. By December 
10 the river at Omaha was practically covered with ice from side to side. 
The river continued frozen over until March 4, 1910, when the break- 
ing up of the ice at Omaha began. According to statements obtained 
from a number of observers, this was the first winter within the past 
fifteen or twenty years that the river at Omaha had remained frozen 
over for any considerable period. ‘Tremendous volumes of floating 
ice were going down the river from March 4 to about March 10, when 
the river became practically clear of running ice. 

During the freeze the volume of water coming down the river must 
have been reduced very considerably below the normal, so that what- 
ever sewage entered the current caused more concentrated pollution 
than it would have caused in the normal volume of water. As the 
thawing began, the volume of water in the river of course became 
increased. The flooding and overflow of the river banks began about 
March 15, and reached the maximum on March 22. By April 1 the 
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river was again well within its banks and had resumed what may be 
called its usual condition for the season. It is readily conceivable 
that during this marked increase in the volume of the river, whatever 
dangerous pollution was in the water became markedly diluted—even 
allowing for what was washed from without the banks by the over- 
flow—and was carried rapidly down the river. It is therefore reason- 
able to expect that with the beginning of the thaw and the rise in the 
river, there was a lessened concentration of dangerous pollution in the 
water. When the river subsided it may be readily conceived that in 
the reduced volume of water the pollution did not again become con- 

-centrated to the same extent as it had been before the thaw, because 
there was then less pollution to meet the reduced volume of water, the 
vast bulk of polluting matter having been washed away by the 

-freshets. 
4 Judged by the report of cases, the typhoid outbreak in Omaha 
rapidly declined from about March 25. Allowing for an incubation 
period of ten days or two weeks, this means that the chief cause of the 

outbreak became markedly diminished in its operation about March 10 
or 15, which was coincident with the floodings of the river. The 

unusual condition of the river being followed so remarkably by an 
unusual occurrence of typhoid fever among persons drinking the 
water strongly suggests cause and effect. 

(2) The reports showed that in other communities using water 
supplied from the Missouri River the typhoid fever rate was unusually 
high in the winter of 1909-10, while in communities neighboring these, 
_ but using water from other sources such as lakes, springs, wells, etc., 
the typhoid fever rate generally was not unusually high. 

In the following table is summarized the information received from 
the different health departments of the several towns and cities: 
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From the data in this table it appears that the disease in the winter 
of 1909-10 had an especially high prevalence in those towns and ities 

; 
which used the insufficiently purified Missouri River water, but not, 
so far as could be ascertained, in those which used other water. This — 

fact alone points strongly to the Missouri River as the source of the 
infection which caused the outbreak in Omaha, and suggests that dur- 
ing the winter of 1909-10 the germs of typhoid fever existed in the 
water of the Missouri River for a considerable part of its course 
either in unusually large numbers or with an unusually high degree 
of infectiveness. 

That the past winter was an unusually favorable one for typhoid 
infection in river waters somewhat generally is suggested by the 
fact that in the extensive territory to the north and east of Omaha 
a number of cities using water supplies from rivers other than the 
Missouri had pronounced outbreaks—Minneapolis,* Minn., using 
water from the Mississippi River, and Montreal,? Canada, using 
water from the St. Lawrence River, being striking examples. 

CONCLUSIONS. 

Prevalence.—In the period from November 25,.1909, to March 25, 
1910, typhoid fever prevailed in Omaha in epidemic form. The 
rate of occurrence during this period was 1 case to about every 225° 
inhabitants, and, so far as the records show, was over six times as” 
high as the average rate for corresponding periods of previous years. 
Age.—The disease was distributed quite generally through the 

population. Persons between 10 and 30 years of age furnished the 
majority of the cases. The disease was not especially prevalent 
among children. 

Geographical distribution.—The disease was generally distributed | 
over the city. The rate of prevalence was, so far as could be ascer- 
tained, somewhat higher among persons whose residences were con- 
nected with the city water, supplied from the Missouri River, than 
among those whose residences were supplied from other sources, and 
was particularly high among persons habitually exposed to con- 
ditions in an eastern section of the city in which practically all of the 
water from the Burt street station was distributed. 

Diagnosis.—The evidence is convincing that at least 85 or 90 od 
cent of the cases reported as typhoid fever during the outbreak were 
correctly reported as such, and that the number of actual cases not 
reported was fully as large as the number reported as typhoid feve 
under erroneous diagnoses. 

Imported cases.—Not over 5 per cent of the persons affecte 
contracted the infection while away from the city of Omaha. This 

i Pupineoriig Mowa, 1910, Wall 63, No. 14, April 7, p. 392. b Loc. cit. 
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number was probably more than offset by the number of cases in 
persons who contracted the infection in Omaha and developed the 
disease elsewhere. 

_ Ice.—Very few of the persons affected during the period of the out- 
break gave a history of having used ice in foods or beverages during 

the thirty days prior to onset of illness, and ice may therefore be 
eliminated as having been a considerable factor in the production of 

| gene outbreak. But as a considerable proportion of the ice to be used 
in Omaha during the summer is that which was harvested from the 
river and other polluted water, this ice may become, upon the advent 
of warm weather and the consaqumnt increased use ot: ice in foods and 
_beverages, an important source of infection. 
_ Milk and ice cream.—The evidence is convincing that milk, ice 
cream, and other dairy products were not a considerable factor in 
the production of the outbreak. 
Raw shellfish.—As only a small proportion of the cases gave a his- 

tory of having eaten raw oysters or clams within the thirty days prior 
to onset of illness, these shellfish could have played but a small part, 
if any, in the spread of the infection. 
Raw vegetables.—The evidence is convincing that neither lettuce 

nor celery could have played a major part in the production of the 
outbreak. - 

Bakery products and other general food supplies.—In view of all 
the evidence, it is not reasonable to believe that bakery products and 
other general food supplies played more than a secondary and rela- 

tively small part in the production of the outbreak. 
~ Dust.—In view of the fact that the ground at Omaha was covered 
with snow during the greater part of the period in which the outbreak 
was caused and in view of the general epidemiologic features of the 
outbreak, it is not reasonably conceivable that such an outbreak could 
have been caused by infection disseminated in air-borne dust. 

Sewage disposal and general sanitary conditions.—As the majority 
of the cases investigated were found to be among persons living at 
residences connected with the city sewerage system and at OT the 
general sanitary conditions were good or fairly good, it appears that 
whatever factors were concerned in the production of the outbreak 
were not dependent for their operation upon insanitary conditions at 
place of residence of persons affected. 

Contact.—About 13 per cent of the cases investigated gave a his- 
tory of association during the thirty days prior to onset of illness with 
previous cases in the febrile stage of the disease and were attributable 
to infection by personal contact. It appears, therefore, that in 
Omaha, as is generally true for other places where typhoid fever pre- 
vails, personal contact was an important factor in the spread of the 
infection, but the evidence is abundant and convincing that in this 



46. 

outbreak personal contact operated as a feb secondary to some 
other factor which was chief and primary. 

Water.—The unusually high rate of prevalence—or outbreak— 
of typhoid fever in Omaha es the period extending from about 
November 25, 1909, to about March 25, 1910, was beyond reasonable © 
doubt caused by infection in the water supply obtained from the 
Missouri River. Some of the points in the evidence on which this 
conclusion is based are as follows: | 

(a) The river water obtained at both intakes was polluted to a 
dangerous extent with sewage. 

(b) The results of the bacteriologic examinations show that during 
the period in which the outbreak was caused the treatment of the 
water, previous to its distribution to the city, by storage and by the 
use of a coagulant was not efficient to render this water reasonably 
free from dangerous pollution. . 

(c) The vast majority, over 95 per cent of the 103 cases particularly , 
investigated, were in persons who during the thirty days prior to 
onset of illness used as the sole, principal, or occasional source of 
water for drinking purposes the unboiled and unfiltered tap water 
as supplied from the river through the city water system, and besides 
this water there was no factor common to the majority of the cases 
which could reasonably be considered as having been concerned in 
the production of the disease. 

(d) There was a parallelism between the occurrence of certain. 

unusual climatic conditions which particularly affected the river 
water and the unusual prevalence of typhoid fever, which very 
strongly suggests a relationship of cause and effect. 

(e) Reports from a number of other cities for the period in which > 

the outbreak at Omaha occurred showed that in those cities which 
were using water from the Missouri River.the typhoid fever rates — 
generally were unusually high, while in cities neighboring these 
but using water from other sources such as wells, springs, lakes, etc., 
the typhoid fever rates generally were not unusually high. 

(f) Among persons who habitually used for drinking the water 
distributed from the Burt street station—which water in the winter 
of 1909-10 was exposed to greater sewage pollution than it had bee a 
in any other winter for certainly many previous years and to rela- 
tively more sewage pollution from near-by sources than was the water 
distributed from the Florence intake—the disease appeared to pre- 
vail at a rate which was disproportionately high. | 

(7) The time of occurrence and the extent of the outbreak point 

to the water supply as the source of the infection. i 
(h) The results of the investigation eliminate, beyond reasonable | 

doubt, all possible sources of infection other than the water supply 
which could have been responsible for an outbreak of such character, 
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RECOMMENDATIONS. 

1. The improvement of the water supply obtained from the Missouri 
iwer.—Of the measures required to make this water reasonably 
e from dangerous pollution, the following are indicated: 

_ (a) The abandonment of the intake at the Burt street station as 

soon as practicable. This is particularly advisable, even if the water 
supply is to be subjected to purification processes much more efficient 
than those which have been and are now in operation, because the 
c 
J water at this intake is polluted not only with sewage in the river 
from more distant sources, but also with the sewage from Florence 
and from a northwest section of the city of Omaha, having a popula- 
tion of several thousand, and at times of high water with the contents 
of privies located within a few hundred feet of the intake. There is 
also contamination of the water at this point by drainage from the 
dumping ground of Council Bluffs, Iowa, on the east side of the 
river. None of the processes usually adopted as practicable for the 
improvement on a large scale of polluted surface river water should 
be relied upon to remove absolutely all disease-producing organisms. 
Therefore the water to be treated should be protected as thoroughly 
as practicable from pollution, particularly near-by pollution, with 
sewage. If it is not practicable to abandon the intake at the Burt 
street station, measures should be taken to prevent dangerous pollu- 
tion of the river between the Burt street and the Florence intakes. 
Among the measures necessary to accomplish this would be the 
changing of the course of the Omaha and the Florence sewers so that 
their sewage would not empty into the river above the Burt street 
intake. 

_ (b) The protection of the Florence intake from pollution entering 

the river through Mill Creek. This could be accomplished either 
by moving the intake to a point above the mouth of the creek or by 
changing the course of the creek so that it would empty below the 
intake. If it is not feasible at present to secure protection of the 
water at the Florence intake against the contents of Mill Creek by 
changing the present relative positions of the creek’s mouth and the 
intake, a considerable safeguard could be accomplished by proper 
disposal of the sewage on the watershed of the creek for 2 or 3 miles 
upstream, so that the contents of privies and cesspools would not 
empty or drain into the creek. 
(ce) The treatment of the water supply by some purification 

process or processes which will render it free from dangerous pollution. 
Judging from an inspection of the watershed on each side of the river 
for a distance of about 10 miles above Florence and from reports as to 
amounts of sewage entering the river at points farther north, it 
appears probable that water taken from the Missouri River at any 
point between 200 and 1,000 feet north of (or upstream from) the 

4) 
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present mouth of Mill Creek would average little, if any, higher in 

content of disease-producing organisms than would the water taken 
from the river at any points north of Omaha and south of Siou 
City. The self-purification of a river of the character of and bein 
polluted as is the Missouri should not be depended upon. . This i 
particularly true in the time of thaws, when floating ice may 
carry for long distances organisms, which when so carried are not 
exposed to the same conditions of sedimentation, etc., as when free 
in the flowing water. Therefore if the Missouri River is to be con- 
tinued as the source of water supply for the city of Omaha, this water 
should be treated in such a way as to make it at all times wholesome 
and safe before it is delivered to the city. 

In this connection the contemplated application to the water of 
the hypochlorite of lime treatment is to be commended as a step in 
the right direction. If it be found that the hypochlorite treatmen 
will not effect an improvement to a point which may reasonably be 
considered one of safety, other processes of purification in the place 
of or in addition to the hypochlorite treatment should be applied. 
The efficiency of the hypochlorite treatment should be determine 
by a thorough bacteriologic study of the water before and afte 
treatment. 

The other processes recommended for consideration are (1) in 

creased storage by installation of additional sedimentation reservoi 
and (2) filtration. 

What processes are best suited to meet the local conditions can be 
definitely determined only by experimentation. It is suggested that 
steps be taken as soon as possible to have such experiments conducted 
under the supervision of persons skilled in engineering and in the 
bacteriologic and chemical examination of water. On general prinet 
ples and from such detailed study as has been made, a combinatio 
of the following processes for the improvement of the water supply 
of Omaha is recommended for particular consideration: 

(1) Protection, as thorough as may be practicable, of the watershed of the Missouri 
River against sewage pollution from sources—particularly near-by sources—upstream 
from the intakes. 

(2) Installation of additional storage reservoirs. 
(3) Use of adequate amount of coagulant. 
(4) Mechanical filtration. 
(5) Treatment of effluent from filters with hypochlorite of lime. 

(2) Until some method or combination of methods of demonstratec 

efficiency for the purification of the water supply is in operation, th 
boiling by the people generally of all river water to be used for drink 
ing purposes, or in any other way liable to resilt in swallowing by 
persons of organisms contained in the water. The boiling of th 
water for use in public schools and other public institutions is pal 
ticularly advisable, 
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_ 2. Ice.—The adoption of measures which will prevent, so far as prac- 
ticable, the use of natural ice collected from the Missouri River or 
ther polluted sources in drinking water or any foods or beverages 
subsequently to be consumed without cooking. 
_ 3. Cesspools and privies.—The immediate abolishment of all faulty 
cesspools and privies. All cesspools and privies should be abolished 
as rapidly as the extension of the sewerage system will permit. On 
premises not having sewer connections, cesspools which are not 
known to be water-tight, and which are not so maintained as to 
obviate any reasonable likelihood of leakage of contents occurring, 
with resulting pollution of surroundings, should be replaced with 
privies having water-tight tubs, pails, or boxes, placed above ground, 
for the reception of sewage. The privies should be screened so that 
flies will be prevented from having access to the contents. The tubs 
or boxes should be emptied before they become more than two- 
thirds full of sewage. The use of an efficient germicide, such as a 
solution of carbolic acid or chloride of lime, so as to keep the privy 
contents disinfected, is advisable at all times, and particularly in the 
summer time. The disposal of the privy contents through septic 
tanks connected with the sewerage system is suggested. All cess- 
pools, whether to be maintained or abolished, should be disinfected 
as thoroughly as possible. This is particularly indicated for those 
which have received the dejecta from typhoid-fever patients. 

4. The exercise of rigid precautions at the bedside to prevent the spread 
of infection from typhord-fever patrents.—As soon as a case is reported 
a representative of the health office should visit the residence of the 

patient and make an investigation to determine if possible how the 
infection was contracted and to see that the proper precautions are 
being exercised to prevent the spread of infection from the patient. 
The employment of visiting nurses to aid in the carrying out of pre- 
cautionary measures at homes of typhoid-fever patients is strongly 
advised. Provision should be made for the free distribution of disin- 
fectants to families unable to purchase them. 

5. The improving of general sanitary conditions and the exercise of as 
ngid santary supervision as possible over all places where foods or 
beverages are prepared for sale or offered for sale.—These general sani- 
tary measures are, of course, always advisable, but, they are par- 
ticularly so in Omaha at the present time, when the city has just 
passed through an extensive outbreak of typhoid fever and has, in 
consequence, an unusually large number of foci of infection in typhoid- 
fever patients and probably in typhoid-bacillus carriers, and with the 
warm weather season approaching, when the conditions are usually 
most favorable for the spread of prosodemic typhoid fever. 

60700°—Bull. 72—10——-4. 



APPENDIX. 

An ordinance relating to the water supply of Omaha, passed April 
26, 1910, and approved April 28, 1910: 

ORDINANCE. No. 7113. 

An ordinance providing for the preservation of the public health of the residents of the city of Omaha, to | 

prevent disease, to guard against epidemics of disease, to fix a standard of purity and quality of water | 

brought in the city through pipes or other means and delivered, sold, or distributed to the residents 

thereof to be used for drinking, household, or domestic purposes, and of all water so used or intended to 
be used in said city. 

Be it ordained by the city council of the city of Omaha: | 

Section 1. That on and after thirty days from the passage and approval of this 
ordinance all water furnished or offered for sale or sold in the city of Omaha for drink- 

ing, household, or domestic uses and pusposes and all water brought into the city 
through pipes or otherwise for such purposes and uses and so offered for sale, delivery, 

or distribution by any person, firm, company, or corporation shall be of the standard 
of purity, both chemical and bacteriological, as follows: It shall not contain more 
than one hundred bacteria per cubic centimeter, examined according to the stand. 
ard methods adopted by the American Public Health Association, and shall exhibit 
fermentation in not more than thirty per cent examined when ten cubic centimeters 
or less of water is used in such examinations, standard lactose bouillon being the 
medium used. 

The chemical water factors must never exceed the following proportions: 

Parts per 

million. 

Total solides so: h 28a nd eee es ULE oe Oo 500. 00 
Free ammonia: 2.52 07 gad see o/s ve Se Re 06 

Albuminoid ammoniay./2..25 .) 29) A 2 Ae 08 
Oxygen absorbed in ten minutes at 100° C.......-......-....... 3. 00 
Nitrogen: as nitrites... as: et aeh,- ee apd ereeiee See None. 

Provided, That after fifteen months from the approval of this ordinance all water 
shall be of the standard of purity, both chemical and bacteriological, as follows, to wit: 

It shall be free from any gas-producing bacteria, colon bacilli, or other pathogeni 
bacteria. The number of bacilli must not paoed fifty per cubic centimeter. 
chemical water factors must never exceed the following proportions: 

Parts per 

million. 

Total polids.)..oos cer see. bade be Le eee ie 475. 00 

BTCC AUUMONIA 2.5 4 geracen's ce 4 oes ap Sidi San ana . 04 

Albuminoid ammonia!) oS osoe. ss. bee ee. Ge en . 05 

Oxygen absorbed in ten minutes at 100° C...............2...-2. 2. 00 
Nitrogen. as nitrites: 6.35.2: o.25.0.. 0s ee None. 

And water must be clear without suspended matter. 

(50) 
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No person, firm, company, or corporation shall hereafter furnish for sale, or sell, 

eliver, offer to deliver, or distribute in the city of Omaha any water or waters for 
lrinking, household, or domestic purposes that is not of the standard of purity, both 
hemical and bacteriological, hereinabove required. 
Sxc. 2. The commissioner of health of the city of Omaha shall have the right to 
nspect any and all reservoirs, tanks, or other receptacles from which water is fur- 

lished to the residents of the city and to inspect any and all intakes, pumping sta- 
ions, water plants, and all bodies of water from which any portion of the supply of 
vater for the city is obtained for the purpose of making such tests and examinations 

is he may deem necessary for the protection of the public health; and he shall require 
, bacteriological and chemical test of the water from any water plant or system and 
ll reservoirs from which water is furnished, sold, or distributed to the residents of 

he city at least once each month, and such report in detail shall be submitted to the 
mayor and city council. And the commissioner of health may cause to be made 

whenever he may see fit an examination of any and all water from any source sold, 
lelivered, furnished, used, existing, or kept within the city for drinking or other 
lomestic purposes, including the water from any well within the city, to determine 
he standard of purity of such water. 
Sec. 3. For all purposes and in any suit in court where the provisions of this ordi- 

iance or the quality of the water provided for herein may be material or involved, 
whether on account of violations of the provisions of this ordinance or otherwise, all 
ests made by the bacteriologist or chemist appointed by the commissioner of health 
i the city of Omaha of water furnished, sold, distributed, or offered for sale to con- 

umers within the city by any firm, person, company, or corporation, when certified 
(0 or supported by the oath of such bacteriologist or chemist employed, appointed, or 

ttherwise authorized by the commissioner of health shall be deemed and accepted 
8 prima facie correct, and all instruments used by said bacteriologist or chemist in 
making such tests, where such tests are made, shall for all such purposes be deemed 
und held to be prima facie correct. . 

Sec. 4. If any person, firm, company, or corporation shall furnish to consumers 
within the city of Omaha for drinking or other domestic. or household purposes water 
below the standard of purity required by this ordinance such person, firm, company, 
or corporation shall forfeit and pay to the city of Omaha for such violation of this 
ordinance the sum of one thousand dollars ($1,000) per week for each and every week 
during which such person, firm, company, or corporation shall violate the provisions 
of this ordinance by furnishing to the residents of the city of Omaha and selling or 
offering for sale and distribution for drinking or other household or domestic purposes 
water below the standard of purity herein required, and said amount may be recovered 
im a civil action in any court at law having jurisdiction thereof: Provided, ‘That the 
rity of Omaha shall, through its mayor and council, deduct from any amount due to 

y firm, person, company, or corporation engaged in supplying water to the resi- 
lents of the city of Omaha in said city an amount equal to all sums which by the 
erms of this ordinance have been forfeited to the city by reason of a violation of the 
rms and provisions hereof; and before any appropriation shall be made by the 
ayor and council in favor of any such person, firm, company, or corporation for 
iy purpose the amount so forfeited to the city under the provisions of this ordinance 
hall be deducted by the comptroller from the amount due any such person, firm, 
‘ompany, or corporation under contract or otherwise. 
Src. 5. In case any person, firm, company, or corporation shall, after receiving 

1otice of the result of any test as provided for herein, continue to furnish, sell, dis- 

ribute, or offer for sale and distribution to the residents of the city of Omaha water 
elow the standard of purity fixed by this ordinance such person, firm, company, or 
orporation and the managing officers and agents thereof shall be deemed guilty of a 
aisdemeanor and upon conviction thereof shall be punished by a fine of not more 
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than one hundred dollars ($100) or by imprisonment for a term not exceeding ninet; ' 

days in jail, and each day that such person, firm, company, or corporation. L 3 | 

continue to furnish, sell, or distribute to the residents of the city of Omaha for ¢ rink. 

ing, household, or other domestic purposes water below the standard of purity fi cec 

by the terms of this ordinance shall be deemed a separate offense and punishable as_ 

such. 
; 

Src. 6. This ordinance shall take effect and be in force from and after its passage 

Louis BURMESTER, 

President City Council. — 
Dan B. BUTLER, 

City Clerk. 

Passed April 26, 1910; approved April 28, 1910. 
JAMES ©, DAHLMAN, 

Mayor. — 
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]. THE WATER SUPPLY OF WILLIAMSON, W. VA., AND ITS 
RELATION TO AN EPIDEMIC OF TYPHOID FEVER.’ 

By W. H. Frost, 

Passed Assistant Surgeon, United States Public Health and Marine-Hospital Service. 

INTRODUCTION. 

: The excessive prevalence of typhoid fever in the town of William- 

‘son, W. Va., during the fall and winter of 1909-10 aroused the citizens 
of the town to a realization of the ever increasing danger from their 
present water supply, which is derived from the Tug Fork Branch of 
the Big Sandy River. Accordingly a bond issue was voted for im- 
provement of the public water supply and other municipal i improve- 
ments; and a request made through the West Virginia state board of 

health to the Surgeon-General of the Public Health and Marine-Hos- 
pital Service to detail an officer for the purpose of making an investi- 
gation and giving advice as to the best means of so purifying the 
town’s water supply as to prevent typhoid fever. 

In response to this request the writer was directed to proceed to 
Williamson, confer with the representatives of the state board of 

health and make such investigation as might be required. 
_ On arrival at Williamson a conference was held with Dr. H. A. 
Barbee, secretary and executive officer of the West Virginia state 
board of health, and Dr. Tunis Nunemaker, health officer of William- 

son, and a brief preliminary survey of the situation made in their 
company. : 

' It was ascertained that the town had suffered during the winter 
of 1909-10 from a serious outbreak of typhoid fever, which was gen- 
erally ascribed to the use of water from Tug River, the pollution of 
this stream being so gross that its danger as a source of drinking 
water was evident to the most casual observer. Even a brief survey 
of the town, however, showed conditions other than pollution of the 
water supply which must necessarily be favorable to the spread of 
typhoid fever, and it was evident that for a successful campaign 

against typhoid fever these factors must be appreciated, the experi- 
ence of many cities, especially in the southern section of the United 

« Manuscript submitted for Gisbiecation Avene 19, 1910. 
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States, having shown that the reduction in the typhoid rate follow- 
ing an improvement in water supply without a coincident campaign 
against other factors in the spread of the disease is often, if not usually, 
disappointing It was determined, therefore, while the laboratory 
investigation of the water supply was in progress, to devote such time 

as could be spared from this work to a field study of typhoid fever in 
Williamson, to determine its prevalence and causes. | 

The investigation, begun May 27, 1910, and continued until June 189 
included: 

(1) A study of sanitary conditions in general at Williamson. 

(2) A study of the water supply of the town and of Tug River, with 
the object of ascertaining the degree of pollution and the available 
means of purification. 

(3) The collection of data concerning the cases of typhoid fever 
occurring in Williamson since November 1, 1909. 

(4) An investigation of the acute Ainenee locally prevalent. 
~The necessary laboratory outfit was supplied from the Hygienic 

Laboratory; and a temporary laboratory established in Williamson. 
Upon completion of the investigation a verbal report was made 

to the town council and board of health, and a written report with 
recommendations, forwarded to the Surgeon-General, Public Health 
and Marine-Hospital Service, embodying in slightly briefer form the 
substance of this report. | 
It isa pleasure to acknowledge my indebtness for cooperation and 

assistance in this investigation, to Dr. H. A. Barbee, secretary and 
executive officer of the state Bound of health, to pe Tunis Nune- 
maker, health officer of Williamson, to Mr. Alba Pinson, mayor of 
Williamson, to the members of the town council and board of health, 
and to many other citizens of Williamson. I am especially indebted | 
to Doctor Nunemaker for the devotion of much of his time to assisting 
in the investigation. The courtesy of the medical profession of 
Williamson and vicinity in supplying information and opportunities 
for clinical studies is gratefully acknowledged. To the Norfolk and 

Western Railway Company, especially Mr. W. H. Lewis, superintend- 
ent of motive power, Mr. James H. Gibbony, chief ofnean and Mr 
D. G. Cunningham, superintendent of machinery and repairs at the 
Williamson yards, I am indebted for their cooperation and for infor- 
mation which would not have been available from other sources. 

ee ee) ee ee 

TOPOGRAPHY AND GENERAL SANITARY CONDITIONS. 

Williamson, the county seat of Mingo County, W. Va., is situated 
on the east bank of the Tug Fork of the Big Sandy River, on the 
southwestern border of ‘the State. It is a thriving town whos 
present population is locally estimated at between 4,000 and 5,006 
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habitants. Its growth has been very rapid, the population in 1900 
aving been only about 600. 

_ The town is situated on the main line of the Norfolk and Western 
Railway, and is the terminus of a division of this road. The Norfolk 

d Western Railway Company has here a large yard, which furnishes 
employment to a considerable proportion of the population. East 
Williamson, the section of the town adjacent to the Norfolk and 
Western avaitway Company’s yard, is made up almost entirely of this 
company’s employees and their families. 

Although situated in a productive portion of the Tug River coal 
fields, Williamson is not properly a mining town; there are, however, 
two coal mines in operation within the town Line, both situated upon 
asmall stream which empties into Tug River bide Kast Williamson, 
and just above the main portion of the town. The population on the 
upper portion of this branch is largely composed of employees of the 
larger of these two mines above mentioned, operated by the Wilhtam- 
son Coal Company. 

Williamson is fairly distinctly divided into three sections. The 
larger portion of the town, comprising the business section and the 
better residences, is situated below the Williamson Branch, on a tract 
of flat ground, rising on all sides in steep slopes, forming a kind of 
amphitheater. The Williamson Branch section of the town, a narrow: 
row of houses along the banks of this small stream, is separated from 
the main portion of the town by a high ridge. At the head of this 
branch is the Williamson Coal Company’s mine and a settlement of 
employees and their families. East Williamson, separated from this 
section by a second ridge, extends east, parallel to the river, from 
which it is separated by the Norfolk and Western Railway Com- 
pany’s yard. Williamson proper and East Williamson are shown on 
the accompanying map. The settlement at the Williamson Coal 
Company’s mine is not shown on this map, being located above the 
upper margin. 

The town is at present only partially provided with a closed sewer 
system, consisting of a 41-inch brick main, and smaller branch 
sewers of tiling. This system, constructed in 1907, and gradually 
extended since that time, connects now only with the main portion 
of the town, and some sections of even this portion of the town are 
still without sewer connections, notably some outlying blocks and 
many of the houses which are situated directly upon the river bank. 
The main sewer terminates in an open ravine about 100 yards distant 
from the river, and through this ravine empties into Tug River about 
opposite the center of the town below the intake for the water supply. 
There are several criticisms to be made of this sewer system. It is 
not sufficiently extensive. It is in many places in bad repair. It is 
designed as a combined system, but is of insufficient capacity to carry 



58 
off the large volume of surface water following a heavy rain, with the 
result that flooding is by no means infrequent. The termination of 
the closed sewer in an open ravine more than 100 yanday from the 
river is highly objectionable. | 

The Williamson Branch section of the town has no closed sewer 
system. Some of the houses on the lower portion of this branch 
have sewers which empty directly into the stream. Their openings 
are often high in the bed of the stream, far above the average water 
level. The remainder of the houses in this section are provided with 
open privies of the most insanitary kind as regards construction, 
location, and care. The privies are practically all within 100 yards 
of the stream and within less than that distance of their respective 
houses. They are almost invariably situated above the houses to 
which they belong, often on sharply sloping ground. Every rain must 
wash a large portion of the contents of these privies through the yards 
of the residences and into the stream, which thus becomes an open 
sewer. This stream, usually of small volume, in its passage downto 
the river several times crosses the street, is at all times in close: 
proximity to the houses along this street, and often passes through 
yards within a few feet of residences or even directly under them. 
In dry seasons the stream goes dry, at which times the volume of 
sewage being insufficient to flow through the bed of the stream must. 
accumulate there. This stream empties into Tug River about 200 
yards above the present intake for the town water supply and upon 
the same side of the river. The water of Williamson Branch, As 
extremely black from coal washings, forms a marked contrast wit 
the water of Tug River at times when the latter is laden with clay, 
and at such times it can readily be observed that the water from 
Williamson Branch passes over the town’s intake before ees 
thoroughly mixed with the water of the river. 

The third section of the town, East Williamson, with the exception 
of the large Y. M. C. A. building, has no sewers. The houses in this 
section of the town are provided with open privies, very rarely with 
cesspools. The privies are invariably situated within a few yards 
of the residences—often less than 20 feet from a kitchen—and in a 

large proportion of cases are on a hillside above the houses. They 
are open privies, badly cared for, and at this season swarming with 
flies. The Y.M.C. A. building in East Williamson, which receives the 
sewage from 100 to 200 persons, has a private sewer emptying into 
the river above the opening of the Williamson Branch. The surface 
washings of the whole of East Williamson are carried into the rive 
within a mile above the intake for the city water supply. | 

Upon request, the board of health of Williamson authorized ¢ 
sanitary survey of the town under the direction of the health officer. 
This survey, owing to several unfavorable circumstances, had not. 
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been completed at the time of my departure, but from a compilation 
f the inspection reports from ten representative blocks of the main 
ortion of the town, the following figures were obtained: 

Number. 

NPIL AOS ae 5 5S 5 2 ay hfe dada’, cna 0 doce dcdcccacasacwhpalas tueke 105 
mummmences having water-closets.........ccccccccecscccacccccecccccccececccaces 79 
EM IM OTE] UTVIOS... . sc cc bwin es cc eseccnncnunenadcctsoncese nas 33 
Residences in good sanitary condition............. BLAU. Fe AE eee 33 

@uesidences in fair sanitary condition. .................0.00 2. cece sence eee eeeee 40 
@esidences in bad sanitary condition................22022-ceece cee cseceeceeree 32 
MINS OVO TORIGCNCES. £2.52. 2b ol 2 oe ee ce nee ne nce domener cane 544 
Occupants nee Water LOW VOFIN KIN, Afi. 2002 3 ile po dlc. Sede e ced endepe s 367 
@eeanants using well water for drinking.................2-.---2-cee cece eeeees 130 
Occupants using safe (deep well, boiled, distilled) water for drinking...........- 47 

These blocks include some of the poorest as well as some of the 
best of the main section of the town. All of these premises are 
within a short distance of sewers, yet nearly one-third have open 
privies. Almost one-third of the residences are reported as in bad 
sanitary condition, while more than a third are reported as in “‘fair”’ 
condition. Taking into consideration the fact, omitted in these 
reports, that premises otherwise in the best of sanitary condition are 
often rendered dangerously insanitary by proximity to other prem- 
ises in bad condition, it is safe to assume that fully one-half of 
these residences are, by reason of neglect or location, in a bad, really 
dangerous sanitary condition. 

WATER SUPPLY. 

_ The water supply of Williamson is obtained from Tug River. 
Water is pumped from the river to all sections of the town. East 
Williamson, however, has been thus supplied only since the summer 
of 1909. 

The Tug Fork branch of the Big Sandy River rises in the eastern 
part of McDowell County, W. Va., and, flowing in a general north- 
west direction, joins the Louisa Fork at Louisa, below Williamson, to 
form the Big Sandy River. Above Williamson this river drains 
practically all McDowell County, W. Va., and the western portions 
of Wyoming and Mingo counties, W. Va., Tazewell and Buchanan 
counties, Va., and Pike County, Ky. This watershed is moun- 
tainous, with very steeply sloping ridges, generally wooded, for the 
most part sparsely inhabited, little cultivated, and but little used 
for grazing. 

_ Inthe absence of any hydrographic data, no definite statement can 
be made as to the area of this water-shed and the volume and dis- 

charge of this river. It is evident, however, from the contour of the 
country and from local information that the volume of the river is 
‘subject to extreme fluctuations. Following heavy rains its rise is 
very rapid and extreme, while in dry seasons it is said to become so 
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small that one can cross it dry-shod at Williamson; and its tributary 
streams at such seasons are often completely dry. The flow of the 
river is very rapid. Except after heavy rainfalls its water is natur- 
ally fairly clear, but in this respect, as in volume, it shows great and 
sudden variations. The large amount of coal dunt discharged into 
the stream throughout its course gives it a very dark color and adds 

considerably to its turbidity. A deposit of coal dust in the river 
bed adds to the apparent dark color of the water, giving it an 
extremely dirty and displeasing appearance. , 

The population on this watershed has increased so rapidly within 
the last ten years that no approximate estimate can be given of 
it. It is probable that the number of inhabitants per square mile 
is very small as compared with the watershed of many rivers whose 
waters are used for municipal supplies; but even if the population 
per square mile could be stated it would be misleading in an estima- 
tion of the pollution, owing to the concentration of population upon . 
the banks of the river and some of its larger tributaries. | 

The Norfolk and Western Railroad follows Elkhorn Creek from Coal 
dale, W. Va., to the junction of this creek with Tug River at Welch, 
W. Va. go EES the railroad follows the river closely to a point below 
W atte 4 From Coaldale to Williamson (a distance of about 92 

miles) the banks of the river are lined with an almost continuous 
chain of coal camps and mining towns, varying in population from a 

few score to 4,000 or 5,000. In these towns the population is almost 

invariably spread out along the banks of the river or one of its 
tributaries, probably 90 per cent of the population being within 200 
yards of these streams. Welch, at the mouth of Elkhorn Creek, 
Matewan, at the mouth of Mate Creek (about 9 miles above Wil- 
liamson) and very probably other towns along the river have closed — 

sewers discharging into Tug River. In the smaller towns and coal 

camps, however, open privies are in general use. These are situated — 
almost invariably near and often overhanging the stream, so that | 

heavy rains must invariably wash a large part of their contents directly — 

into the stream. Hogpens, mulepens, and stables are very commor y | 

seen immediately upon the banks of the river. Add to this the gar 

bage from hundreds of squalid back yards on the river banks and 

the refuse from scores of coal mines, all going into this small stream, 

and the result is a pollution peculiarly offensive to the eye and dan- 

gerous to health. Lewis, in a publication of the Geological Survey, 
in 1906, says of this river: 

Tug Fork of the Big Sandy * * * probably carries more offensive pollution 

than any stream in West Virginia, which is SATB a great deal. 

a Lewis, Samuel James, Guatity of water in the upper Ohio ‘Rivet Basin and at Eri 

Pa., U. S. Geological Survey, Water Supply and Irrigation Paper, No. 161, 1906, p 

101. 
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Since 1906 the population on the banks of the river has increased 
very considerably, with a corresponding increase in the pollution 
f the stream. 
Several factors add to the dangerous nature of the pollution of 
@ River. The sudden rise and rapid run-off after rains wash into 

the river the filth which has accumulated upon its banks. On the 
other hand, the small volume of the river in dry seasons increases 
the concentration of such sewage as gets into it. Whether the degree 
‘of pollution is greater at high or at low stages of the river could be 
determined only by investigation, and would depend, of course, on 
various factors. The rapid flow of the river decreases the natural 
purification by sedimentation and diminishes the effect of unfavor- 
‘able environment upon pathogenic organisms by decreasing the 
time during which they must be exposed to such environment. 
From such reports as were available, typhoid fever seems to be 
excessively prevalent along the river, and the insanitary condi- 
tion of the residences certainly warrants the inference that careful 
disinfection of typhoid excreta is by no means universal. 

The coal dust which finds its way into the stream and which 
adds so greatly to its appearance of pollution can not be considered 
as rendering the water more dangerous for drinking, although it 
certainly renders it less fit for other domestic purposes, and, by 
Increasing the sulphates, less suitable for use in boilers. 
_ The present intake for the water supply of Williamson, constructed 
in 1907, consists of a cement caisson, open at the top, 4 feet in depth, 
sunk below the bed of the river. This caisson is filled with coke, 

‘gravel, and sand to a depth of about 4 feet. The intake pipes, 
passing through this material, open at the bottom of the caisson. 
The suction of the pumps forces the water through the rough filter 
bed of the caisson into the intake pipes. When the filter becomes 
clogged it is cleaned by reversing the pumps. This has to be done 
at intervals varying from two to twelve hours. While this arrange- 
ment removes a considerable part of the coarser suspended matter 
from the water, it is an extremely crude and inefficient process of 
filtration, more properly speaking, only a ‘‘screening process.”’ 

This intake is situated about opposite the central portion of the 
town, above the outlet of the main sewer, but below the points at 

which the sewage from Williamson Branch and from East Williamson 
(aggregating about 1,500 people) enters the river. The water of 
Williamson Branch, as mentioned above, passes over the intake before 
being thoroughly diffused into the river, and is therefore especially 
dangerous. . 
_ From the pump house, situated on the bank of the river at the 
intake, water is distributed directly to the town. <A reservoir of 

about 250,000 gallons capacity is situated beyond and above the 

* 
Mi 4 ‘ 

’ 

? 

i 
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town; this reservoir, however, serves only to receive the surplus 
of water pumped over water used from the mains, and has no func- 
tion as a distributing or storage reservoir, serving chiefly as a “safety 
valve” to equalize the pressure in the mains. ! : 

The water supplied is of very displeasing appearance, as is to be | 
expected from the nature of its source and the crudity of the filtration 
process. It is frequently too black to be fit for bathing and laundry 
purposes, and often has an offensive odor. The water pipes appar-— 
ently contain a considerable accumulation of sediment, as it fre- 
quently happens that there is a large amount of dirt and coal dust 
forced out when a tap is first turned on. 

Owing to the dangerous and unpleasant character of the city water 
supply, a considerable proportion of the population of Williamson — 
use other water for drinking purposes. A distilling plant in the 
town furnishes distilled water to the small number of people who are 
willing to bear the expense of such a supply. Comparatively little — 
bottled water from distant springs is sold; a few people use water 
from nearby country springs, usually safe from dangerous pollu-— 
tion. The only deep well of importance in the vicinity furnishing 
water of good potable quality is one 330 feet deep at the Williamson 
Coal Company’s mines, which supplies the employees at the mine and — 
is piped to the houses in the immediate vicinity, where, however, it 
is, unfortunately, little used. The well at present in use failed to 

supply sufficient water during the dry weather of the fall of 1909. 
A new well 500 feet deep has been bored near by, but not yet put_ 
into use. 
A very small proportion of people boil the river water before use. — 

From a canvass of over 500 people it was ascertained that less than — 
10 per cent were at that time using water which might be considered | 
assuredly safe, and it is certain that many of these people were not 
consistent in the practice. : 

The town has numerous shallow wells, which are almost without 

exception subject to gross pollution, but are nevertheless used by a _ 
considerable proportion of people on account of the clearness of the | 
water. Probably 20 per cent of the population of the main portion — 
of the town use water from shallow wells. : 

Water from shallow springs, subject to dangerous pollution, is 
largely used, especially by the people living on the Williamso 
Branch. So far as could be ascertained, the majority of the people 
in East Williamson have been, and still are, in the habit of using 
well water for drinking purposes. The wells in this section of the 
town are mostly pipe-lined driven wells, sufficiently deep to be pro 
ably safe from pollution. | 

The Norfolk and Western Railway Company, having been unable 
to obtain from driven wells sufficient water of suitable quality fo 
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se in their boilers, have constructed an infiltration gallery opposite 
heir roundhouse above Williamson. Perforated brass pipes are laid 
orizontally several feet below the bed of the river, covered with 
avel and sand. The water obtained is fairly clear and is satisfac- 

tory for steam purposes, but by no means. safe bacteriologically. 
‘he company, realizing the importance of a safe water supply, has 

recently installed a distilling plant to furnish drinking water to the 
employees i in the yard, and allows the men to take home, without 
charge, sufficient of this water to supply their families. 

EXAMINATIONS OF THE WATER SUPPLY. 

Bacteriological examinations of water were made at Williamson 
from May 30 to June 15, 1910, as follows: 

Samples. 

meemuver ae Williamson intake..... 2.52.22. s00:. o202ee.- 2s. ceee 7 
SEITE Pil te TOWN... 6c) Ss kl ee eee 9 
mummenmpove Fond Creek.../............--....--00e een eee en’ 10 
I AL co ce ha. oled oe Bins ois eka et eine Shae « BIA A on oom 6 
Se Sot a ee ae a in Kang ook te heats Ae ude an 1 
I etc oe ue Sa Sd eg = rman Buea “sooo a so 3 
Infiltration gallery, Norfolk and Western yards..................-. 4 

40 

- Bacterial counts were made from standard agar plates incubated at 
room temperature from forty-eight to seventy-two hours. <A few 
counts were made from plates incubated at 38° C., but results at this 
temperature proved less satisfactory than at room temperature. 

Tests for B. coli were made mostly with lactose bile; gas formation 
in this medium within forty-eight hours was taken as presumptive 
evidence of the presence of B. coli. In seven instances these presump- 
tive tests were confirmed by plating on lactose-litmus-agar or Endos’s 
medium, obtaining in all these cases plate colonies characteristic of 
B. coli. In a few instances, owing to shortage in supply of lactose 
bile, lactose bouillon was used in the fermentation tests. In these 

eases gas formation within twenty-four hours was considered pre- 
sumptive evidence of the presence of B. coli. 

Additional quantitative estimations of B. colt were made by a 
plate method advocated by Marmann,? which, with slight modifica- 
tion, has been used with very satisfactory results in the Hygienic 
Laboratory. One cubic centimeter of water was spread upon a plate 
of Endos’s fuchsinagar, the plate placed uncovered in the incubator 
until dry, then covered, incubated fourteen to twenty-four hours, 
and the red colonlike colonies counted. Control plates with sterile 
water showed no growth. 

@Marmann Centralbl. f. Bakt. etc., I Abt., Orig., 1909, Bd. 50, pp. 267-282. 
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The following tables give in detail the results of turbidity von n: 
and bacteriological examinations of water made at Williamson: “4 

TaBLe No. 1.— Water from Tug River above Williamson. 

. B. coli (presum \p 
Bacteria | tive) present in— 

Date. Turbidity. ancy (48-72 

hours) i 0.1 c. ¢. le. eC 

1910. 

Li gs ie ao ce ee ee a a i eS (a) 420 4 +° 

Cl ae? Ere i mre: 8 Se Bl ie 2 we Bo he Uae De Sie so ee | (a) 1,900 + + 

PUTED LE peat A PART Tap Os a oo RN. ATOR ah a ea 20 380 4. +e 

Tere yes TO ie ers eit | oe Ses ae ee. ee 20 310 ot ~ a 

Ae eT ce Ge Wy Wer ee ley RR NEA Re a oo). oe aes) 15 480 — + 

7 Sa NE ARS ae cal nl gree se pe oh oO pa tee? 15 145 + ait 

USITT Tey e ahah SS Soe SOROS hs opted a Ses Ree a ne 6 Sly UT ae ne Pah ee 200 6, 100 + 9 

LI TUG ae Seat en aie i Re React ety GN mpd | Ss Me os PRR as 200 10, 000 + + 

SRLTTO WS ie. eae. Eph ten Le ae Be er aE ks gs SM ras oh a 160 5, 200 -F + 

Lh En RY eee 2 ke pe, alle Gh 2 Tn Reade rr ne (?) 4, 200 he + 

a Turbid. 

TABLE No. 2.—Water from Tug River at Williamson intake. 

B. coli (presump.: 
Bacteria | tive) present in 

Date. Turbidity. | Pe scy2 3 
hours). | o1¢c.¢ | Dom 

1910 

ATE GN Oa ed ete a al Se aT) ete MH Lsad. ites Ge (?) 1,450:[-° +i 
ALG Ni ol eee el Ih eine SORES apie gence” PY ns Rete cp acta. nl AM gee oy 20 1,075 + 4 

Faee ALES UY Be. ee SU BT a 20 3,600; + + 
TR sees ari AS. an iuce re CE ed enc ee 130 9, 200 + + 
Mwe ge Lo)?! 5. ok Juha 22 sos Ree aD he Seg 200 ~~ 10,000 rs + 
MOMS as, eyeing cos AEE. age dee ke: ae aee ae 50 3, 000 + + 

TaBLe No. 3.— Water from taps in Williamson. 

Bacteria Bo) preent ia 
Date. Turbidity. i (48-72 |— 3 

asian 0.1 ¢. c. 1c. ¢. 

1910. 

ET RE oie tide tn ceer epee rere ne “8 2% he kanye. bop Ione 9a ees eas 530 + +3 

eh oo daw nd weg oo tie ea to Bede ek te eed FES: 2 oe 600 + + 

EM San erga i ata Paws Si vie woiy hy adn Pewee Blige edo» b ven 20 480 + + 

tk a ae eee ee Dee eet oe AEDS |S Sees ree 18 1, 200 + +4 

SES SR ie OG Se Ge Oe ee eer 10 1,170 fe +. 
On ad pal Sy ti ERS i, 3 Cpe Eo a a 15 690 + + 

NE ERE cra endo etet cas Lol tous a 6 ockvs ned se dev spav ene 25 1, 400 4 + 

RPP die gitar ees rect Ch eh ee et cites’ o> che ve gepnn og mae A 35 1,600 f- + 

es Jepeliaaplamtien, papa actin lila is Satta Mina hie Sts 9-9 10+ 550 + + 
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TaBLeE No. 4.— Water from pump 

Date. 

es 

i ed 

i 

(infiltration gallery). 

| B. coli (presump- 

Bacteria tive) present in— 
Turbidity. Js be al OVA ae 

O1ec. | lec. 

8 ve Le “4 

10 ial 7 

18 1,800} + 7 

(?) 710} + : 

TaBLE No. 5.—Water from wells and springs in Williamson. 

B. coli (presumptive) 
present in— 

Date. Source. aed eee | 

0.1¢c.c.| lec. |10¢. ¢. 

1910. 
fay 31 | 230-foot driven well (W. C. C.).................. Turbid.. Oe less 2 an - + 

a I oe oe eo Pu ass 2 520d Ohne ds oe Clear... .. rt os eee _ — 

Smet RepeMm wells. 1. :A.). os... sec e ee ec enn cence PE eee Be pout eaee +(?) | +(%) 

See) eialow due well (J. R.).....-.....----.222-.006 FEA! eae 700 + + + 

ne 10 | Shallow dug well, tile-lined (G. R. C.)@........)... Gore soe 000) (ee + + 

men 14) shallow well; tile-lined-..........5.00ss5c05--0-2/es0 dose: 4 ~ _ — 

Se LIME SPINE. So ec ee eee tenes Ai eae 80 _ — 7 

aan ouallow well (W.C. ©.)o..................-.--.)..- Ose? Cale aks os ey oe Seer 

mieevor slallow well)(A. B.)¢@..0... 002-00 5.02. ecaccaeese Randonee. . CONE? [SAL ae a3 =fa five eee 

a B. colion Endo plate=20 per ec. ¢. ec No count. 
b B. coli=25 per c. c. dB. coli=15 per ec. c. 

TaBLE No. 6.—Summary of the results of the examinations of Tug River water. 

Pereen ieee: of geaples Number of 
: showing B. coli in— A 

Number | Average é pays te 
of sam- | Number estimated Source of samples. aes of bac- haalete 

a§ ‘ ciaed teria per ecthod 
q 3 (CA Oe Cale EC Cane Cac (Endo’s 

medium) 

Mug River above Williamson..............-.. 10 2,900 90 11) Seen OO pee ok Sone 
Tug River at Williamson intake.............. vi 4,700 100 POO} se a50+ 
Seem illiamson.....-.....:.-2--.--.------ 9 895 100 (i ow a16 
Pap at Norfolk and Western pump house..... 4 690 50 POU) eG aw Uae Yet 

a Two Samples. 

60700°—Bull. 72—10——5 
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From these figures it is seen— 4 
(1) That Tug River, even above Williamson, is highly polluted, 

per cent of 0.1 ¢. ¢. extaples and 100 per cent of 1 c. c. samples sho 
ing the presence of B. coli, indicating an average number of at le 
9 B. coli per c. c. for the samples examined. j 

2. That the water at the Williamson intake is very considerak 
more polluted than at a point above the town, showing a bacter 
count almost twice as high, with B. cola constantly present in ( 
c.c. Quantitative estimations of B. coli on two occasions indicatec 
that 50 B. colt per c. c.—an extreme pollution—is not an excessiy 
estimate. : 

3. That the present ‘teks filter, though considerably decreadl ng 
the turbidity and removing a ccenieasnls proportion of bactel 
from the water, is altogether inadequate as a means of purificatic 
4. That the Norfolk and Western Railway Company’s well, sit 

~ ated below the bed of the river above Williamson, gives an effluen 
of considerably better quality, but that this water is still very | 
from being bacteriologically safe. . 

4. OF the siz shollow wells examined, five were found to be grossh 
polluted; one showed no evidence of pollution. This is prob | 
accounted for by the fact that the bottom of this well is in a ven 
dense layer of clay, probably impervious, and that the well is til 
lined to the bottom. ) 

6. The two deep wells examined both showed doubtful eviden e 
of slight pollution at the first examination, these wells having be 
stagnant for some time previous to the collection of the samples. 
second sample from one of these wells proved to be of good quali 
according to bacteriological standards. 

The one spring examined, situated on a hillside outside of the te 
showed B. coli in 10 ¢. c., not in 1c¢.c¢.nor0.1¢.c. This slight pol 
tion was probably due re animal excreta, washed in by recent hea 
rains. 

The conditions at Williamson from May 30 to June 15, 1910, 
unfavorable for obtaining an accurate idea of the variations 
bacteriological quality of the water under various conditions. 
river during this time was uniformly high and the weather moderat 
cool, so that no information could be obtained as to the effect of 
water and high temperatures on the bacterial content of the wate! 
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PHYSICAL AND CHEMICAL EXAMINATION OF TUG RIVER WATER. 

From the limited observations which could be made on this point 
it isinferred that Tug River does not show the constant high turbidity 
characteristic of many southern and western streams. Following is a 
‘summary of the turbidity readings taken: 

: Above Wil- | At William- | Taps in Wil- 
liamson. son intake. liamson. 

ee i! emg: ad i 

| 1910 | 
EO user ov njnipinieiee'tja, 4d dd.e ome pepwed paisa ys} AO Not POLE BAS nd N aa 5s bee ee 

I MN ho aaah «ana os owe own eee ab eloia ema ecw ape sae 20 | 20 | 20 

et cae deeb eneaacee Sr. Taer coe 18 
eS) OE A cea Sane 15 20 10 

i ee ae oe eee eee er ae Oe Ee eren ey ee LS EDS. nll abt ee eee ieee 

RN MRM Ne dls chee wcbsate'w ubbuelbta'g aww ep odo 200 130 15 

SEMIN ENT Pers oe kal. dine ew cee coe maleiad sbeess 200 200 25 

RII MIMBCE ero Asal o eo. see Neck ees IO OS cide ws S Sete 35 

Myerage. ........... Seite CE ACE Rey ene Ee 90 | 92.5 20.5 

MI Cero sh kN ees eae: 200 | 200 | 35 
Dulin ne Bide @ 8 99 E89 2 SS aa ra ae ey gee eee es AE ea 15 | 20 | 10 

The occasional high turbidity, due to suspended clay, and the 
‘usual dark color, indicate the necessity of a coagulant to satisfac- 
torily clarify the water. 
_ Samples were collected June 1, 1910, and sent to the Hygienic 
‘Laboratory for chemical examination. Following is an abstract of 
the report of Passed Asst. Surg. Norman Roberts on the chemical 
examination of these samples: 
4 

Sample from Tug River. 

Above Wil- At William- 
liamson. son intake. 

ES a ae 6 Re eee ee at ye a Omer es ge ah oe Very slight..| Very slight. 

ee eee od Lika Sw dlmas ede Sep ere cige tele s Decided, | Faint, aro- 

/ aromatic. matic. 

| 

“a Parts per million. 

mma (Cxclusive of sediment). .......-.:.-. /.e.---0.00.cc2e-.- see cee 71,000 99, 000 

NEE CE Sed ee ee ae Sn ee | 19,000 | 26,000 

a a tk ala an Ny ee ene eae 52,000 | 73,000 
RE tere eye kat. oP Pe hp hp 1, 000 10,000 
Nitrogen as— | | 
oe, oT a A AOS rae a gn eR en Oe 030 | -018 

PRINT RTSCITED IVURNOTUNE soo oo cn ew a een ese eee ta ee ete sep ene es 058. || . 042 

SN EG Me ee a .001 . 001 
ENS ORES a) ae ee eae ee puree mens Aiek Teg 8 . 400 . 400 



68 

PREVALENCE OF TYPHOID FEVER. 

There are no records from which information can be gathered as 
to the number of cases of typhoid fever in Williamson or deaths there- 
from in previous years. I was informed that about 1900, when the 
population of the town was approximately 500, there was an epidemic 
of more than 60 cases of typhoid fever. This epidemic occurred it 
the summer and fall. The water supply at the time was from shallow 
wells and springs, and, it being prior to the construction of a sewerage 
system, privies were then in general use. The mortality of this 
epidemic is unknown. 

Since 1900 there had been no epidemic of typhoid fever in William 
son until the winter of 1909-10. The disease had, however, been 
constantly endemic; and while no approximate estimate can_ be 
given of the average annual case rate, it must have been excessive. 
This is inferred from the knowledge that conditions have been favor- 
able for its spread and measures for its prevention extremely lax. 
The inference is further justified by the large proportion of people in 
Williamson who give a history of having had typhoid fever, as wel 
as by the general statements of local physicians and others. It is 
the impression of the physicians in Williamson that there is usually 
no marked seasonal variation in the prevalence of typhoid fever there 
it being about as common at one season as at another. 

Prior to January 1, 1910, no attempt had been made to have case 
of typhoid fever or even deaths reported; in fact, for some two year 
prior to that time the town had been without a board of health or ¢ 
health officer. Since January 1, 1910, physicians have been required 
to report to the health officer all cases of typhoid fever, but it we 
ascertained that less than half of the cases diagnosed by the attend. 
ing physician as typhoid fever had been so reported, and that th 
death records were equally deficient. . 

The health officer had on his records reports of some 50 cases of 
typhoid fever occurring since January 1, 1910; but was certain tha 

there had been many more than this, patanetnte the number as 125 
since November, 1909, about which time typhoid fever commenced 
to be unusually prevalent. 

A request was made of each physician in town to furnish a memo 
randum of all cases of typhoid fever seen by him since November 
1909, giving the address, sex, race, and age of patient, date of ons 
of symptoms, duration and termination of illness. From the 
reports, courteously and promptly supplied, it was ascertained th 
from November 1, 1909, to June 1, 1910, 152 cases had been vise 
and treated as typhoid fever, with 11 deaths. Two other fatal ca 
as to the diagnosis of which some doubt was expressed, may be ce 
sidered as possibly typhoid fever. 

; 
| ; 
| 
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DIAGNOSIS. 

‘The low death rate (7.29 to 8.5 per cent according as deaths are 
stimated at 11 or 13) is more remarkable in view of the unfavorable 

ircumstances under which many of the cases had to be treated. It 
was reported by all the local physicians that a considerable propor- 
tion of their cases were of mild type and short duration, some being 
3 onfined to bed not more than two to three weeks. The low death 
a and the number of mild cases suggest that a considerable pro- 
portion of the cases may have been paratyphoid infection, this suspi- 
cion being strengthened by the reported frequency of onset with 
gastro-intestinal disturbances. Unfortunately no _ bacteriological 
nor serological examinations of any of the cases had been possible. 
A few blood cultures and Widal tests were made during my stay in 
Williamson, and since that time Widal tests have been made with 
two specimens of blood sent to the Hygienic Laboratory by Doctor 
Nunemaker. In making blood cultures, 5:c. c. of blood, withdrawn 
from a vein of the forearm, were planted in ox bile, incubated twenty- 
four hours, at 38° C., then plated out on lactose litmus agar. The 
organisms isolated have been fully identified at the Hygienic Labo- 
ratory by cultural and agglutinating tests. 

TaBLE No. 7.—Summary of the results of blood cultures and agglutination tests. 

| 

ey Duration of | | | 

' Patient. Age. re dein bl Seep eam Agglutination. | Clinical course. 

; taken. 

d vo (on Dee get ca ar 

LE Beene ee 50 | Second week..| B. typhosus..| Positive 1-40 B. ty- | Mild, convalescent 

phosus. within 3 weeks. 
A. ene 5 | First week....| None made...|..... CS IAhs foe EN Do. 

a Soe (aa B. paratypho- | Negative B.typhosus.| Mild, defervescent 

Sus OAR 1-40. within 3 weeks. 

ee | do... J) Neeative. jocsote. 33. rte hel a ae ee Me Mild, short duration. 

«ee (2) | Fourth ae a None made. ..| Positive B. typhosus, | Severe hemorrhage. 

| 1-40. 
ee 0) 0 Se ee eas Ci EO oe ae UO Mer ei. gee kaeee Unknown. 

a Adult. 

~ Four of the above cases may be considered as satisfactorily demon- 
strated to be typhoid fever and one paratyphoid, A. In the sixth 
case (L. J.), where the tests made were negative, the diagnosis is 
doubtful, but the clinical diagnosis of typhoid fever is justified. It 
is to be regretted that more clinical and bacteriological studies could 
10t be made, but from the above it is evident that the majority of 
the cases prevalent in May were true typhoid infections, while 
aratyphoid infection was also present. 
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While it is probable that in this, as in all epidemics, there was a 
certain percentage of error in the clinical diagnosis of typhoid fever, 
there is no reason to suppose that this error was excessive or more 
than would be counterbalanced by mild, unrecognized cases. 

EXTENT AND DISTRIBUTION OF EPIDEMIC. 

The 152 cases of typhoid fever occurring in a population of 5,000 
are equivalent to a case rate of 3,040 per 100,000, or one case among 

every 33 people. An epidemic of only 152 cases can hardly be called | 
extensive; the figures, in fact, are very small as compared, for 
instance, to the number of cases occurring annually in many large 
cities where the disease is not epidemic. Considering, however, that 
one out of every 33 inhabitants of the town was attacked within 
seven months, the epidemic may well be called intensive. 

Although the mortality was low, the eleven deaths among a popu- 
lation of 5,000 constitute a death rate of 220 per 100,000 for a period : 
of only seven months. This is just double the highest death rate | 
from typhoid fever in any registration city of over 100,000 popula- 
tion, included in the Census Report of Mortality Statistics for 1908 
(Columbus, Ohio, 110.5 per 100,000), and was equaled in 1908 in 
only two of the smaller towns included in this report, Mankato, 
Minn., 276 per 100,000, and Sharon, Pa., 244 per 100,000.¢ 
The 152 cases ae Fvehnid fever in yall ageastsah bal their onset by 

months as nearly as could be ascertained, as follows: 

Taste No. 8.—Onset.of cases and onset of fatal cases by months, from November, 1909, 
lo May, 1910, inclusive. 

Date. pate terminsti | ; 
‘ fatally. 

1909. | 
Vp Veribite WE) Ses SNE ors Res oF RES FOR te De ee ah Asn e atte ee / 20: |...) oe P| 

Pence... Bee eae ce Ae ck tele cte bene Saat oees baie: oe A NE Ay nes ! 23 

| 
1910. 

APTN, Ais ho \fenk Sos ayo sale te mins emai mete Tapia Stk ae ae wa irael btahe (AMaramlig ont ae et! Bn at ae 53 

WPODMUBDY camice che re ete = oe cae oe ep Bietlele abe ao oes bs ete Senin chia Once ere 21 

Marewtc: beet eo chee on bee ie ee ais) Ss Poe Saas Pel ee ietes pn ae 14 

EE ies so nt bein GA bh o> beck tenes £ od ob See bne pas «Sues Wis eee aglb> ocean 12 | 

Ee eee Whe sas a he Dalat ar MED teas cin Sade aN oil aie ae Slane ee Sule 2 cee eee 0. | .sso5e cee 

We 7: | AOE he eae LEE Re Te oe ee ee etre ee ee Re 152 

aNinth Annual report, Bureau of the Census, Washington, 1910, Mortality Statistics, 1908 (p. 36). ~ 
it } 
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The epidemic began quite explosively in November, reached its 

me in January, and from that time declined quite steadily. It 

n hardly be said, however, that the epidemic had altogether sub- 

Jed at the time of investigation, for the incidence of nine cases in 

e month of May corresponds to an annual incidence of 108 (2,160 

x 100,000), a very excessive, if not epidemic rate. The fatal cases 

‘the above summary are tabulated according to date of onset. It 

rather striking that none of the cases having onset in November 

rminated fatally, and only two (3.8 per cent) of the 53 cases occur- 

ng in January were fatal, while of the cases having onset in Decem- 

r, a high percentage (17.4 per cent) were fatal. 

Cuarr No. 1.—Showing onset of cases by months. 

As many cases as possible were located and platted on a map of 

e town. Very considerable difficulty was experienced in the 

ation of cases. The town has not yet reached the stage at which 

reet numbers are in use for locating houses, yet it is already of such 

e that even those residents with the most extensive local knowledge 

e unable to locate all the residences. The difficulty was greatly 

creased by the large transient population. Of the 152 reported 

ises, 38 were known to have moved away from Williamson, and at 

‘ast 18 others had changed their residence in the town since their 

Iness. Eleven cases could not be located at all, and were therefore 

ecessarily omitted from the map. Nine more Cases, occurring on 

1e upper portion of Williamson Branch can not be shown on the 

ap, as this settlement is above the limits of the map. 
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The 141 located cases were distributed in the three sections of th 
town, Williamson proper, East Williamson, and Williamson Branch 
as follows: | 

Number of | 
Estimated | Number of| people to | 
population.| cases. ach case 

of typhoid 

Williamson proper...............-- Shp Pr he's Ge ae Se ae ae 3, 500 112 + 

Witiiamson Brangh. .. «>. <:. ic/ hehe ence ae ede Bes ee ae 500 9 + 

Mast WiiMIAMISON. 3. Uo oe ss eR on re ee ia ee a eee | 1, 000 20 

From these figures it appears that the incidence of typhoid fever 
was greater in Willemsen proper than in other sections. It i 
probable, however, that a large proportion of the unlocated case 
belonged in East Williamson or on Williamson Branch, as the popu- 
lation of these sections is more transient and less known locally 
than the population of Williamson proper. Taking into consideration 
also the roughness of the estimates of the relative populations of 
these sections, it can not be said that any marked regional prevalence 
of typhoid tee has been demonstrated. The appended map is 
somewhat misleading in this respect, as many of the blocks sho 
upon the map have very few or no residences upon them. In general 
the distribution of cases seems to have been roughly proportionate 
to the distribution of population, with notable exceptions in several 
well-marked foci. 

AGE. 

The age was satisfactorily determined in 112 reported cases, from 
which the incidence at various ages has been computed. 

TaBLE No. 9.—Jncidence of typhoid fever in persons of various ages at Williamson, W. Va 

Number of | Percentage | 
cases. of total. 

WDGCL DR VORTB Soo. i ance cielew eo et twit, come soos Ame le etre ee eee ee 8 7. | 

6 to'B years, inclusive: 0. {24 5.22... 22001. O90 13 1 

10 to'l4. years, inclusive). :...2.52-.4j0- weds ts cng ote rae eenes oe oe 14 12.1 

15.40 19 years, Inclusive: . - 5 2-05 <-52taecs5 seh ac pt eee eee gine ee 13 113 

COTe ee Pemie, UOUM Ye... .-. 5. os 5 ee eee os ant i a ere cts onan ee 14 125 

25 to 20 years, inclusive . . iwi 23.5.022.0013 Bes SRA a 23 20. 

30\to:34 Years, duclugive. —. 26. -.56-5 <<. s2det tas leegec sc. bee 13 11. 

B5.ta.89 years, inclushye i . ceo ees <'- wsic's agile ales oho ow noe eee ee ee 9 8 

M0t044 years, Inclusive. oc. coon enn oon ate eee sen 2 case can Ree oe eee ee 3 2a 

45 to 40 years, inclusive... . fits. ALU Lee oe 2 Ff 

Over 49 years. ......... er 
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The above table shows that the distribution of the epidemic 
umong the various decades was quite usual, the maximum number of 
yases occurring in the third decade. The proportion of cases occur- 
ing among children (31.2 per cent) is not exceptional. It is higher 
han in the epidemic in Omaha, investigated by Lumsden (29 per 
sent), and less than the average in Washington, D. C., where milk 
s considered an important factor in the spread of typhoid fever. 
As many cases as possible were visited personally for the purpose 
f obtaining epidemiological data. An effort was made to visit a 
‘air proportion of cases in each section of the town, and at the same 
ime a fair proportion of the cases occurring in each month, but it 
vas impossible, on account of the inaccessibility of many cases, to 
ollow out a definite system in selecting cases for investigation. 
Altogether 72 cases were visited. The number and percentage of 
zach is shown in the following summary: 

TaBLE No. 10.—Number of each month’s cases investigated. 

: Total cases | Number of | Percentage 
occurring | cases inves-| of cases in- 
in month. tigated. | vestigated. 

ETRE a ole eene ae edbcewceuedens 20 11 55.0 

were ee ee ree | 93 13 56.5 
SE a 53 22 41.5 

MrUery.....¥.3...:... 2 3) RR BARS Ree das clap 2 nee Se ae 21 7 33.3 

i | eee ae de cM ats. 20 abate 14 6 42.0 
I a aa 12 7 58. 0 
Perea ts 2 oo ee ae. 9 6 66.6 

The case card used in the investigation of these cases was identical 
with the one used in the investigation of the origin and prevalence 
ft typhoid fever in the District of Columbia in 1907 and 1908,% and 
sssentially the same as the one described by Lumsden elsewhere in 
this bulletin. 

@ Bulletin No. 35, Hygienic Laboratory, Public Health and Marine-Hospital Service, 
908, p. 13, and Bulletin No. 52, Hygienic Laboratory, Public Health and Marine- 
Lospital Service, p. 11. 

ase 
: 
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The information so obtained is presented 3 in summarizec 
Table No. 11 following. 5 ee 

Taste No. 11.—Summary of ysihenisisctee histories of cases of ieee 
Wilkamson. 

ee ee Milk within 30 | Contact within 30 30 days — Drinking water within 30 days 
‘days prior to onset. cave ae to | prior to onset bigger , 

Number 
Date. of cases J 

investi- az “ 

gated. : Safe : Persons in “persons | = 
City. | Well. | (boiled or| Used. ere paves: ie who , 

distilled). P of typhoid. {had typhoid — 
\fever within — 
| lmonth. — 

1909. 

Novemben? -: 2 is. sas20% il ll Adc. Soke Biles. ae ee ee 

Decenther 4.0 Aes 13 12 2 1 LO ee oe ee panty Da! i. eed: 

Ap SEG A ae eile ee, ee 

WebruUary be. os. ee TT 9 PROS Walang Oan etete te ae 

Sanitary condition of premises. Sewage disposal. Disinfection of excreta. 

Date. i Prob- 
, ; Un- ater P Un- | ably |Ineffi- Un- 

Good.) Fair.) Bad. |; nown,| closet. | P“!VY- | known. effi- | cient. None.) nown 

1909. 

INOW GIDDY 5. -250<.=5 2 os ya me We) ks > Se | me YO es ee || ee yal Pee a 

December = eo Fs. 2p Be a tes Se Sei econ eer 

1910 

DOTTY EM neo eon cae BS NP VO Fe SL aS eee ee 

EDOUYE DISS eee a. a Diy Del ee Be ss yi UO a ete 

MATCR ES iitoe hoo eaters Bill ll Sie iS erences 

DTU Peer ood ee Silasa loc \ adescce slg, ORS Tile e Seer eee 

ERG ere oR BE eta 7 es es: ere eee ner tis Sy liners Seo. 

Ova es oc sous, a 16 

A consideration of the data obtained from the 72 cases investi- 
gated, together with other data presented, warrants some conclu- 
sion as to the probable origin of the typhoid fever in Williamson. 

The sources of infection to be considered are: 
(1) Foodstuffs, especially milk. 

(2) Water. a 

(3) Contact with cases of typhoid fever, either direct person ul 
contact or less direct contact with their excreta, through the agency 
of flies, dust, leaky sewers, ete. 
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DISCUSSION OF EPIDEMIOLOGY. 

IMPORTED CASES, 

—_——— a a0 a ee Of the 72 cases investigated, four, railroad employees, had been 
Brent from Williamson almost daily within thirty days prior to 
ynset of illness. 
Three other cases had been absent for periods of one to ten days 
luring the thirty days prior to onset. Two cases developed between 
ifteen and thirty days after coming to Williamson. In none of the 
oregoing cases was there any known exposure to infection outside of 
Nilliamson, while in several exposure in Williamson was definitely 
hown. ‘There is no strong probability of any of these cases having 
een contracted outside of Wiliamson. On the other hand informa- 
ion was obtained from various sources of persons who undoubtedly 
ontracted typhoid fever in Williamson but developed it elsewhere. 
\ few of such cases, whose residence and history in Williamson were 
mown, have been included among the Williamson cases, but most 
f them have not been so included. On the whole, no deduction 
eed be made for cases imported into Williamson, their number 
eing in all probability more than balanced by the number of ex- 
yorted cases. 

MILK. Al 

The only milk supply common to more than one or two score of 
yeople in Williamson comes from Portsmouth, Ohio, and is said to 
4 pasteurized. This milk is used at the Norfolk and Western 

M. C. A., where meals are served to about 150 people daily. A 
imited Byiaber of families also purchase this milk for home use.. 
Nothing was found in the course of the investigation to cast suspi- 
ion upon this milk supply as a source of infection. 

- Many of the families in Williamson keep one or two cows, for home 
upply, and usually sell small quantities of milk to neighbors. Ped- 
llers bringing milk from the nearby country sell small quantities to 
rarious families. Those who buy milk, however, either from neigh- 
ors or peddlers usually do so very irregularly, often having no regu- 
ir source of supply and getting their milk from perhaps half a dozen 

erent sources in the course of amonth. Under such circumstances 
he role of milk in the spread of typhoid fever is very difficult to 
ace. Since scarcely any source of milk supply is common to more 
han half a dozen families, usually living close together, milk can 
eadily be excluded as the cause of a sudden outbreak of 20 widely 
cattered cases, such as occurred in November, the first month of. 

> epidemic. In 50 of the 72 cases investigated, milk had been 
sed either as a beverage, on cereals, or in coffee within thirty days 
tior to the onset of illness. In Bfisert of these cases the milk was 

iy 
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obtained from cows owned by the patient’s family. In 6 of the 
cases investigated the milk used within thirty days prior to onset of 
illness had come from premises on which a case of typhoid fever was 
under treatment at that time, and must therefore be reckoned as a 

possible source of infection. In three of these cases milk is consid- 7 
ered the most probable source of infection, no other probable source 
being discovered. . 

No license is required for the sale of milk in Williamson, and there 
is no sanitary supervision over this traffic. Considering the facts that 
milk is often sold from premises on which a case of typhoid fever is || 
being nursed, that it is not infrequently handled by the nurse, with 
little or no precautions, and that the attendant dangers are seldom) 
realized by either vendor or purchaser, it must be admitted that raw) 
milk is in general a dangerous foodstuff under present conditions ny 
Williamson, and it may be suspected that it plays a considerable 
part in maintaining the endemic prevalence of typhoid fever there. 

ICE CREAM. 

The ice cream sold in Williamson is mostly obtained from Ports-~ 
mouth, Ohio, said to be made of pasteurized milk. From cases of) 
typhoid fever occurring in the fall and winter months, no reliable™ 
histories could be obtained as to their consumption of ice cream prior 
to illness. The majority of patients thought it improbable that they 
had taken ice cream within a month prior to illness and were quite) 
certain that within that time they had not taken any which came 
from the drug stores—the only source of supply common to many) 
people. 

OTHER UNCOOKED FOODS. 

It appears that raw shellfish are very little used in Williamson, anc 
they can be definitely excluded as an important source of infection 
No satisfactory information could be obtained as to the use of ray 
fruits and vegetables. During the fall and winter months, when the 
epidemic was at its height, very few raw vegetables were being eatens) 
The ultimate sources of the raw fruits and vegetables were so variou 
that simultaneous infection of all these sources is highly improbable 
such foodstuffs may therefore be excluded as important factors i 
the causation of the epidemic. 

WATER. 

The water supply of Williamson, with its known pollution, whiel 
has already been discussed, suggests itself at once as a most probable 
cause of the epidemic of typhoid fever. 

It was found that 61 out of the 72 investigated cases (81.3 pe 
cent) had used raw city water for drinking more or less constantl 
within thirty days prior to their illness. 
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Considering separately the investigated cases occurring in various 
months, it was found that of the cases occurring in— 

1909. Per cent, 

ES ene De Renee egret Ca ete ay 100 

Ns eo. asin ois eae inl ny rece ou odie SRE aes eae 92. 6 

1910. 

EPIL Thos as. ae oa CE Ee ee 90.9 

CTS ay attet to Adu. tet ke aude etl dee PES SEO eae 85. 6 

ER AL ibe as ie a iatarwiiped eS g bage beck, area y 83.3 

April. , 42.7 
May aio ore big, = nh, etn Rae we ejaae aan Pa ee aes eed 66. 6 

had used city water for drinking more or less constantly within 
thirty days prior to onset of symptoms. 

Hight patients (11 per cent) had used only boiled or distilled water 
for drinking. Sixteen had used water from various wells, mostly 
shallow; but thirteen of these had also occasionally drunk city water, 
and are therefore included among the number given as having used 
city water. . 

For the cases occurring in the month of November, the drinking 
water is the only probable source of infection which could be shown 
to have been common to all cases; and the sudden outbreak of twenty 
cases scattered widely over the town strongly indicates the operation 
of some widespread, common cause. 

The late summer and fall of 1909 were unusually dry and the 
volume of Tug River is said to have been smaller than it had been in 
many years. The precipitation in inches at Williamson, from 
August 1, to December 31, for the years 1901-1909, as given by the 
Weather Bureau, is shown in the following table, compiled from a 
publication of that bureau’ and from additional data furnished for 
the period from July 1, 1909, to July 1, 1910. 

TaseE No. 12.—Total precipitation from August 1 to December 31 for the years 1901-1909. 

ae “lation. bad tation. 

fel. ...... RE TR a a eichein we ode 2998 We ROOG 42 2 E34 ys sa <a. sake gs a bt: 21.88 
EE I Re or Sn 2S a Sea see i 8618 
aa (oh aa 5 | Sonn Ae tae, Bees RN Oe b. 7 326 
EE TR20G? 1000 423 ciety es le Rt A ee F 8. 80 
RR Peete as) nS 2 wa 16. 40 | 

_ From this table it is seen that the rainfall for these months was less 
in 1909 than it has been in any year since 1903, and far below the 
average. 

% @Summary of the Climatological Data for the United States by Sections, Section 
No. 74, Southern West Virginia and Southwestern Virginia, U. 8. Department of 
Agriculture, Weather Bureau 

= 
& 

i 
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Chart No. 2, constructed from data from the same source, sho 
the monthly precipitation from July 1, 1909, to June 1, 1910, co 
pared with the mean monthly prectoHtAnon from 1901 to 1% 
inclusive. 

Under these weather conditions it may be inferred that the amot 

of sewage pollution entering Tug River was less than usual, as pre 

ably a large proportion of the pollution of this river comes from s 
face washings, carried in by heavy rains, but on the other hand th 
dilution of such sewage as continued to be discharged into the ri 

“was certainly much less than usual. Whether or not the result y 

n 

CHART No. 2.—Showing monthly precipitation from July, 1909, to June, 1910, as joie with 9 

monthly precipitation for previous years. 

rl WwW, | 

=Mean monthly precipitation in inches, 1901-1908, inclusive. 

wane een = Monthly precipitation, in inches, July, 1909, to June, 1910, inclusive. 

a greater degree of pollution than usual can not be definitely ste 
in the absence of any bacteriological examinations made at that ti 

It is certain that from the two nearest, and therefore most dang 
ous, sources of considerable pollution the amount of sewage dischar 
into the river during this period of excessively low water was 
diminished in proportion to the diminution of the river’s volut 
Matewan, a town of about 1,000 population, 9 miles above Willia 
son, has a closed sewerage system. This sewage would therel 
continue to be discharged into the river independently of raini 
The other important nearby source of pollution is Williamson Brat 
It has already been shown that this little stream, carrying the sew 
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of some 500 people, empties into Tug River only a few hundred yards 
above the intake for the Williamson water supply, and that the direc- 
tion of flow is such that the water of this branch passes over the intake 
before becoming thoroughly mixed with the water of the river. 
During the dry season, the volume of Williamson Branch was 
kept up to some extent by the water used in washing coal at the 
Williamson Coal Company’s mine, the water used for this purpose 
being obtained partly from a deep well and partly from the municipal 
supply. Tug River being greatly diminished in volume, and William- 
son Branch, while also diminished, being proportionately less so than 
the river, it is obvious that at the intake there would be a larger pro- 
portion than usual of water from Williamson Branch, which is much 
more highly polluted than is Tug River. 

The exact sources of typhoid infection entering Tug River at this 
time can not be given. It is known that during October there was 
at least one case of typhoid fever in the settlement at the head of 
Williamson Branch, and there is good reason to believe that a part of 
‘the excreta from this patient must necessarily have found its way 
into the stream without adequate disinfection. Typhoid fever was 
present also at Matewan, 9 miles above Williamson, and undoubtedly 
at various other points along the river 

Evidence strongly suggesting that infection of Tug River water 
was the primary cause of this epidemic is furnished by the history of 
the epidemic in the settlement of mine employees at the head of Will- 
iamson Branch. This settlement was supplied with drinking water 
from the company’s deep well until some time in December, 1909, 
when the well failed and city water had to be used for drinking. 
With the exception of one case in October, no typhoid fever is known 
to have occurred in this settlement during the fall and early winter 
of 1909. InJanuary, within two to six weeks after the use of William- 
son water was begun, seven cases developed among the 150 people in 
this settlement 

_ Additional evidence is furnished by the experience of the two 
settlements nearest to Williamson. 

Chattaroy is the town next below Williamson on Tug River. It 
is about 3 miles below Williamson, at the mouth of Buffalo Creek. 

Extending up the creek some 2 miles from Chattaroy are settlements 
of employees of several coal mines located there. The aggregate 
population of these settlements and the village of Chattaroy is about 
1,000 to 1,500. All these people get their water supply from pipe- 
lined, driven wells, averaging about 100 feet in depth. Doctor Price, 
who has the practice of these mines, stated that there had been but 
one-case of typhoid fever among these people since July, 1909, and 
that this patient had visited Williamson frequently within a month 
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prior to illness. At Borderland and Hatfield, mining settlement 
near Chattaroy, likewise supplied with deep-well water, there wer 
no cases of typhoid fever during the winter. At Goodman, a settle 
ment of about 150 persons on the bank of Tug River just above th 
mouth of Buffalo Creek, there had been four cases of typhoid feve 
during the winter of 1909-10. ‘Doctor Price stated that two of thes 
cases were imported from Williamson, and the other two had use¢ 
the river water for washing and perhaps for drinking. Altogether 
in the settlements of Chattaroy, Borderland, Hatfield, and Goodman, 
with an aggregate population of 1,500 to 2,000, there were but 
cases of typhoid fever during the seven months in which there wer 
152 cases in Williamson, and 3 of these.5 cases are suspectet 
to have been imported from Williamson. The population in thes 
settlements is somewhat less dense than in Williamson, and sanitary 
conditions generally better. The difference in this respect is, how 
ever, apparently not sufficient to account for the great difference in 
the typhoid rate. 

About 9 miles above Williamson, on Tug River, at the mouth ¢ 
Mate Creek, is Matewan, a town of about 1,000 population. The 

public water supply here is obtained from Tug River, below th 
town’s sewer outlet and without purification. I was verbally informed” 
by Doctor Turner of Matewan that there had been 30 to 35 cases of 
typhoid fever in Matewan during the past winter—more in January 
than in any other month. At Redjacket, a mining settlement of 
possibly 900 people, a few miles above Matewan, on Mate Creek 
there had been about 30 cases of typhoid fever during the winter 
Deep wells supply water to this camp, but Doctor Turner was of th 
opinion that on account of the mineral impregnations of the deep 
well water many people preferred to drink water from the near-by 
creek. The incidence of typhoid fever in Matewan and Redjacke 
60 to 65 cases among 2,000 population, is so near that in Williamson” 
as to strongly indicate the operation of a common cause, most prob= 
ably water. 4 

If infection of the water of Tug River was the cause of the unusu: 
prevalence of typhoid fever in Williamson, there must have been som 
unusual condition of the water operative during the fall and winte 
of 1909-10 to increase the infectiousness of this water, since wate 
from the same source had been used for several years without causit 
such very excessive prevalence of typhoid fever. 

Information as to the prevalence of typhoid fever on the Tu 
River watershed during the months immediately preceeding Noven 
ber, 1909, is wanting. There is, however, no evidence of very ul 
usual prevalence during these months; consequently no reason 
suppose that an unusual number of typhoid germs found their we 
into the river at that time. The only unusual condition ascertaine 
is the extremely small volume of the river during this period, resul 
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ing, presumably, in unusual concentration of its sewage pollution, 
It is rather striking that the epidemic should have commenced to 
subside in February, when in all probability the amount of typhoid 
excreta emptied into the river immediately above Williamson was 
preater in January and February than in any other months of the 
year. The possibility of the existence of other conditions affecting 
the virulence or viability of typhoid bacilli in water suggests itself. 
What constitutes such conditions, however, is not known. Some 
ight may perhaps be thrown upon this point by a careful compari- 
son of the climatological conditions existing at various places during 
and prior to water-borne epidemics of typhoid fever and by careful 
studies of the biology of surface waters under varying climatological 
conditions. 

‘ 

CONTACT. 

The 141 located cases of typhoid fever occurred in 99 houses. In 
54 of these houses there was but 1 case in each house. In 32 houses 
there were two or more cases, and in 3 more houses, one case, 

with one or more suspected cases. Altogether, then, in approxi- 
mately one-third of the houses affected there was more than one 
ease. A study of the accompanying map will show that in the ma- 
jority of instances where two or more cases occurred in a house, the 
interval between cases was such as to make contact infection of the 
later case from the earlier seem very probable. 
The houses having more than one case apiece may be tabulated 

us follows: 

Houses with— Number.) Cases. 

EP ETE B52 5 ck is ee eee eo ee otis Seb cen eset encosa ssl 23 46 

TSS eo a ee 2 2 

an 2 A is Sn 6 18 

2 cases and 1 suspected case.....- eT Ace Sane ere oe ape ear een ee a here = ee 1 2 

DS on oy ee) een ke race den he easd ftom davedewhas 1 1 

Pen mm arse roe a Ff 50s sss Ao cabs oe PLSa SE esos eh ek dae seesaw 1 4 

oP SISTSEUIEG LENO Eo a ee oe ee ae ee eer ea 1 4 

eee tenant. ed MR lo eS SAS oa Ned ek ek Lek ee 35 77 

In the 35 houses where there was more than one case in each 
house the total number of cases was 77—approximately one-half of 

60700°—Bull. 72—10—6 
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all reported cases. These figures are in sinticine contrast to the 
corresponding figures for the District of Columbia in 1906,% 1907," | 
and 1908.° 

| 

| Number of Percentage of 
Total num-| C2SeS Aig cases occurring 

ber of cases| _12 houses in houses 
investi- where there where there 

was more than | was more than 
gated. onecaseina | onecaseina 

house. house. 

District of Columbia: 

DOR Ree er eae Ue gee Rep srede. hee ata 747 103 13. 
DOT es Shae hoete See ae SS > roe es 523 73 13.9 

DOOR Fin. Pas Fy GS PPE eee NS Nae Sh EE 9 hs ee ee 542 81 14.9 

W lHamson 1000-10. Ssh sts G2 cas bes ea Use eek oes Se 141 | 77 54.6 

Phas Pacts sae eee Seale frome: a study of the dates and 
locations of cases, weule indicate that a high percentage of the cases” 
were probably due to contact with previous cases, an assumption 
which is supported by the results of the investigation of individual 
cases. | 

It was found that 21 (29.4 per cent) of the 72 cases investigated 
gave definite histories of contact usually constant and intimate within 
the thirty days prior to the onset of their illness with previous cases. 
of typhoid fever in the febrile stage. | 

Ten more cases gave histories of contact with persons who had 
recovered from typhoid fever less than one month previously, or of 
presumable contact with the excreta of such persons. For instance 
in two cases, the patient had developed the disease within a month 
after moving into a house just vacated by a typhoid convalescent. 
Other cases included under this head are those occurring in houses 
less than 200 yards distant from privies into which the undisinfected” 
excreta of typhoid-fever patients had been emptied within a month 
prior and when the direction of drainage or the prevalence of flies” 
was such as to make conveyance of infection easily possible. Alto 
gether 37 cases (51 per cent) gave a history of contact with person 
who had had typhoid fever within six months prior. 

The contacts determined among the 72 investigated cases, tabil 
lated by months, are as cacas 

a Report on the origin and prev alence of typhoid fever i in the District of Columbiz 
by M. J. Rosenau, L. L. Lumsden, and Joseph H. Kastle (including articles con 
tributed by Ch. Wardell Stiles, Toso Goldberger, and A. M. Stimson), Hygieni¢e 

Laboratory Bulletin No. 35. | 

b Report No. 2 on the origin and prevalence of typhoid fever in the District 6 
Columbia, 1907, by M. J. Rosenau, L. L. Lumsden, and Joseph H. Kastle, Hygient 

Laboratory Bulletin No. 44. 
¢ Report No. 3 on the origin and prevalence of typhoid fever in the District ¢ 

Columbia, by M. J. Rosenau, L. L. Lumsden, and Joseph H. Kastle, Hygienic Lak 
oratory Bulletin No. 52. 
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TABLE No. 13. 

——— _—-—— 

Cases giving history of contact within thirty 
days prior to onset, with— 

Persons who had had 
Number | Persons in febrile typhoid fever within 

. Date. of nye rye stage of typhoid 1 month or theexcreta 
4 investi fever. : ' : gated. of such persons. 

2 beat! ay AAs Cee eS 

; Num- Pe . ; | her. er cent. | Number. Per cent 

1909. | | 
SS | Pie els oy ata cigars chi oe 3 | 27.0 
NG | 13 4 BOG | ot tomo e a AIL aah one ee 

1910. | 

ee 22 9 40.9 | 2 | 9.0 
kt eee ee 7 2 7. ESE DSPs PE eee ee pores eA 

I 6 3 50.0 1 16.6 

Ee 7 | 1 14.2 3 | 42.8 

EC OE A 6 2 33.3 1 | 16.6 

OO SE re 72 | 21 30.0 | 10 | 14.0 

Especially noteworthy in this table is the absence of traceable con- 
tacts to account for the cases occurring in November, contrasted 
with the increasing percentage of cases in subsequent months giving 
a history of contact. Chart No. 3 shows graphically the percentage 
of contacts traceable in different months. 

SHART No. 3.—Showing percentage of cases in various months, giving history of contact with previous 
cases of typhoid fever. 

=Cases giving history of contact within thirty days prior to illness with case of typhoid in febrile 
Stage. 

-----=The above, plus cases giving history of contact with persons or the excreta of persons conva- 

lescent from typhoid less than one month, 
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In drawing inferences from these facts it is necessary to consider 

(1) That it is more difficult to trace contacts when histories ar 

taken several months subsequent to recovery; (2) that during the 

months of November, December, January, and February there were 
progressively more cases of typhoid fever under treatment in William 
son, and consequently more chances for well persons to come into con 
tact with such cases; (3) that nearly 3 per cent of the total popula: 

tion of Williamson had typhoid fever at some period between Novem 
ber, 1909, and June, 1910, and that considerably more than this per. 
centage must therefore necessarily have been thrown into as 
with febrile cases of typhoid fever. 

There can, however, hardly have been more than 75 cases unde) 
treatment in any one month. Allowing an average of ten contact: 
for each case, there would be 750 out of 5,000 people (15 per cent 
who would give a history of contact eth cases of typhoid fevel 
within that month. There were an average of 22 cases under treat 
ment each month and on the above basis of calculation 220 contacts 

It is probable, too, that five contacts for each case of typhoid feve) 
in the febrile stage is a more nearly accurate estimate than ten (4.4 
per cent of the total population) each month. As compared, then 
with this percentage of the total population who may be presumed t 
have been in contact with cases of typhoid fever within one montl 
the high percentage of cases of typhoid fever (30 per cent) giving 
such a history clearly indicates that contact played a very considerabk 
causative part in the prevalence of the disease. 

BACILLUS CARRIERS. 

In two instances where the epidemiological evidence strongly sug 
gested a bacillus carrier as the source of infection in a household, thy 
stools and urine of the suspected persons were examined a singh 
time with negative results. In another instance the simultaneou 
infection of two members of one household seemed most probabh 
due to a recent convalescent who aided in preparing and serving th: 
food, but no examination of stools or urine could be made in thi 
case. In a community where typhoid fever has been so constanth 
endemic as in Williamson it may be accepted as reasonably sure tha 
there are a certain number of permanent bacillus carriers, and tha 
the number of both permanent and temporary carriers must hay 
been considerably augmented by the recent epidemic. The réle 0 
bacillus carriers in the causation of typhoid fever is, however, m 
difficult to trace in a community where there are numerous c 
probable sources of infection than in a community where typho 
fever is rare and other sources of infection more readily excluded. : 
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FLIES. 

Where open privies are so numerous as in Williamson there is 
ery reason to suspect that flies play a considerable part in the spread 
ff typhoid fever in summer, and in three of the investigated cases 
yecurring in April and May flies were considered the most probable 
arriers of infection, all of these cases being within 100 yards of the 
ame open privy, which, during March and April, had received the 
indisinfected excreta of two typhoid fever patients. 
It is to be borne in mind that in the later months of the epidemic 

here were very numerous foci of infection, and correspondingly 
lumerous avenues of contact, many of them unrecognizable, especially 
he fairly constant percentage of permanent bacillus carriers, the 
arger percentage of convalescent temporary carriers, and probably 
mrecognized ambulant cases. Especially in the warmer months, 
vith increased prevalence of flies and other insects and increased 
onsumption of uncooked foods, the avenues of infection must obvi- 
sly have been multiplied and must at the same time have become 
nore difficult to trace. In view of these facts, while water can not 
ye excluded as a continued cause of the prevalence of typhoid fever 
n the later winter and spring months, contact alone, under existing 
onditions of sewage disposal and other prophylaxis in Williamson, 
night easily explain the continued prevalence of typhoid fever. 

SANITARY CONDITION OF PREMISES ON WHICH TYPHOID FEVER OCCURRED. 

The sanitary condition of the premises on which the 72 investigated 
ases of typhoid fever occurred was found to be good in 17 cases, fair in 
7, bad in 33, these terms being used chiefly with regard to sewage 
lisposal, general cleanliness, and such other conditions as would have 
, bearing upon the spread of typhoid fever. 
The percentage of cases occurring under bad sanitary conditions 
s, so far as can be judged by the results of a sanitary survey of a part 
f the town, disproportionately high. The sanitary conditions of 
11 premises, on each of which more than one case of typhoid fever 
ecurred, is known. The conditions were bad on 14 of these prem- 
s (67 per cent), with an aggregate of 33 cases; fair on 3 (14 per 

ent), with an aggregate of 6 cases; good on 4 (19 per cent). This 
isproportionately high percentage of insanitary conditions in prem- 
es where typhoid fever was unusually prevalent indicates very 
learly the effect of such conditions with the attendant poverty, igno- 
ance, and neglect of prophylactic measures in maintaining a focus of 
yphoid fever. 

, PROPHYLAXIS. 

In the investigation of cases the prophylactic precautions exer- 
ised in nursing the case were ascertained whenever possible. This 
ormation was satisfactorily obtained with regard to 56 cases. The 
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measures used in disinfection of the excreta were probably efficient in 
9 cases (16 per cent), certainly inefficient in 23 (41 per cent), whi 

in the remaining 24 (43 per cent) no disinfection had been attempted. 

Altogether, then, in 84 per cent of the cases investigated disinfectior 
of excreta was, according to the statements of the nurse, either not 
attempted or was carried out in such a way as to be certainly inet 
cient. Prophylactic measures other than disinfection of excreta wer 
found to have been even more neglected. ' 
This is probably the most significant fact brought out in the inves: 

tigation. Taken in connection with the faulty methods of sewage 
disposal it fully explains the succession of cases in the same house and 
the large number of other contact infections. And if from the prac 

tice at Williamson any inference can be drawn as to other towns far. 
ther up the river, the probable degree of typhoid infection of the 
water of Tug River becomes appalling. 

SUMMARY. 

Typhoid fever became unusually prevalent in Williamson in Novem: 

ber, 1909, from which time until January, 1910, the number of cases 
increased monthly. From January to June, 1910, the number o 
cases decreased monthly, but the rate of prealetn remained exces 
sive. Evidence derived from a study of the epidemic indicates 
that this unusual outbreak was due to infection of the municipa 
water supply obtained from Tug River; and it seems highly probable 
that unusual weather conditions, resulting in extremely low water in ; 

the river were important contributory causes. The heavy rainfall 
in January was followed by a sharp decline in the number of case 
occurring in the next month, notwithstanding that during Januall 
the total amount of typhoid excreta washed into the river at William- 
son was certainly greater than in previous months. The same may 
be assumed as true of Matewan, just above Williamson, and probably 
of many other towns on the river. The decline in the epidemic indi 
cates a decrease in the amount or virulence of infection in the water. 
during January. Whether this can be explained altogether by 
tion, due to increased volume of the river, is not determined. 

Infection by direct contact with cases of typhoid fever was ui 
doubtedly responsible for a large proportion of the cases occurrin 
subsequent to November, 1909. There is good reason for supposini 
that infection by direct contact and less direct contact, as througl 
flies and through uncooked foods, has been the chief factor in me ; 7 
taining the prevalence of typhoid fever since January. While wa 
can not be excluded as a factor in the causation of typhoid fev 
since January, there is no direct evidence that it has been a fact 
since then; and there are enough other probable sources of infecti 
to reasonably account for the continued prevalence of typhoid fevei 
in Williamson. 
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PREVALENCE OF DIARRHEAL DISEASES. 

A severe choleraic diarrhea, affecting persons of all ages, is, accord- 
ing to the statements of local physicians and other residents, unusu- 
ally prevalent in Williamson. The infant mortality rate could not 
be ascertained, and it is therefore not known whether this is in 

excess of the average death rate for other localities. No fatal cases 
of diarrhea in adults were reported, but the local physicians gave 
accounts of many cases so severe as to be alarming. In the more 
severe cases of diarrhea the temperature is subnormal, there are 
general muscular cramps, extreme prostration, and rapid emacia- 
tion, with profuse and frequent watery stools, seldom if ever con-- 
taining blood. In the more common, less severe cases the only 
symptoms are diarrhea, weakness, and sometimes nausea. Eleva- 
tion of temperature is unusual and never great. The economic 
effect of such a common and disabling malady is obviously very 
considerable. 

This diarrhea is generally believed to be due to drinking the river 
water. A number of observations tend to confirm this view. In 
the investigations of cases of typhoid fever I was told quite often 
that a whole family, on first coming to Williamson and drinking 
river water, had been affected within a week by severe diarrhea, 
which ceased when the use of raw river water was discontinued. 
During the period of increased prevalence of typhoid fever in the 
winter of 1909-10 severe diarrhea was also unusually prevalent. 
The superintendent of machinery and repairs of the Norfolk and 
Western Railway Company’s yard stated that since the installation 
in the yards of a distilling plant to supply drinking water to the 
employees there had been a very considerable increase in efficiency 
of the employees, due to decrease in the number of cases of diarrhea. 
A stool from an acute case of diarrhea was examined by plating 

out on Endo’s medium. The plates showed clear colonies resem- 
bling the typhoid or paratyphoid bacilli, almost as numerous as the 
red colon colonies. Several of the clear colonies were identified and 
found to be culturally identical with B. paratyphosus, B, B. enteritidis 
Gartner, and others of the so-called “Enteritidis” group of bacilli. 
The organism was not agglutinated by specific typhoid agglutinating 
erum, paratyphoid — B serum, or paratyphoid — A serum. 
Unfortunately no other case of acute diarrhea could be studied. 

A stool from a case of chronic diarrhea, plated out on Endo’s medium, 
gave only typical colon-bacillus colonies. From the single case exam- 
ned no conclusion is justified as to the relation of the organism 

isolated to the etiology of the local diarrhea. A causative relation is 
strongly suggested, however, by the abundance of this organism in 
the stool examined, the rarity of such organisms in normal stools, 
and the known relation of many bacilli of the Enteritidis group to 
acute enteritis. 

s 

5k ee 
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MEASURES RECOMMENDED FOR THE PREVENTION OF TYPHOID FEVEI 

IN WILLIAMSON. 

The measures recommended for the prnven ge of typhoid fever ir 
Williamson include: 

(1) Improvement of the public water supply. 
(2) Improved methods of sewage disposal. | 
(3) More careful disinfection and other prophylactic precautions 

in the care of typhoid fever patients. 
(4) Supervision by the board of health over the sale of milk and 

the management of places where food is served to the public. 

WATER SUPPLY. 

It is of prime importance to obtain a water supply that will be free 
from sewage contamination. The supply must also be abundant 
suitable for laundry and other domestic purposes, of good appear 
ance, and palatable; otherwise its use will be supplemented by the 
use of unsafe water from shallow wells and springs, and the full 
sanitary benefits of a pure water supply will not be realized. 

The ideal source of water supply, from a sanitary standpoint, is a_ 
deep well, and the practicability of obtaining a sufficient and satis. 
factory Jae from such a source should be carefully considered by — 
competent experts. The very slight dip of the strata in this sectior " 
of the country, and the frequent occurrence of strata strongly im- 
pregnated with iron, sodium chloride, and other objectionable salts 
render the practicability of deep wells as a satisfactory source 0 
water supply very doubtful. 7 

There are said to be no mountain springs available for water 
supply. Small streams, draining practically uninhabited areas, ar 
quite common in the icity. of Williamson, but these streams ar 
all said to fail in dry seasons and could not be used as a constan 
source of water supply without the construction of large and exper 
sive impounding reservoirs. It would also be necessary to protec 
the catchment area from future pollution, and this would po 
necessitate the purchase of valuable coal lands. 

In the event that Tug River proves the only available source 
water supply, purification processes of the very highest efficiency w. : 
be necessary to render its water safe according to modern bacteri 
logical standards, and unless measures are taken to prevent furthg 
pollution of this stream, a wide margin must be left for the inevitabl 
future increase in its pollution. 7 

t is quite obvious that the intake should be moved to a poy 
above the town to escape local sewage pollution. Bacteriological a1 
physical examinations indicate that the pollution both with sewag 
and with coal washings is very considerably greater at iis prese 
intake than at a point above the town. 
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- Some process of filtration will be necessary to clarify the water 
and to remove as many as possible of the bacteria. The present 
rough intake filter is altogether inadequate, as is also the infiltration 
gallery of the Norfolk and Western Railway Company. 

All things considered, the mechanical (American) system seems best 
adapted for the filtration of this water. The amount and kind of 
coagulant necessary will have to be determined by experience. 
Preliminary sedimentation before filtration would certainly improve 
the sanitary quality of the effluent, but it is believed that this point 
ean be left to be settled on the basis of economy. 
Any filtration system which is installed should be supplemented 

by a sterilization process, on account of the high degree of dangerous 
pollution of Tug River. The examinations of Tug River water showed 
B. coli constantly present in 0.1 c. c.—that is, at the rate of 10 per 
e. c. or 100 per 10 c. c. Quantative estimations of B. coli by Mar- 
mann’s plate method showed 50 B. colt per c. c., which is probably 
not an excessive average estimate. Granting for a filtration plant a 
constant efficiency of 99 per cent, the effluent would still contain from 
1 to 5 B. coli per 10 c. c., thus falling far below the standard of purity 
for a satisfactory filter effluent. For partial sterilization of the filter- 
effluent either the hypochlorite of lime or ozone may be used. Hypo- 
chlorite of lime is reeommended as the more practicable because of 
the lesser initial cost of constructing the necessary plant and its 
simple and cheap application. 

Pending the establishment of a safe water supply it is recommended 
that the people of Williamson be frequently warned by the board of 
health of the dangers of the present water supply, and urged to boil 
not only all drinking water, but also all water used for washing fruits 
and vegetables which are eaten raw, and for washing vessels which 
are used for milk. 

If it is decided to adopt the hypochlorite treatment subsequent to 
filtration of the water, it is recommended that the plant for this pur- 
pose be installed at once, in such a location that it can subsequently 
be used for treatment of the filtered water, and that pending the 
completion of the filtration plant the water be treated with hypochlo- 
rite, as a temporary expedient. 

SEWAGE DISPOSAL. 

_ The present sewerage system should be overhauled, repaired, and 
extended as rapidly as possible to those sections of the town not at 
present provided with sewers. The use of Williamson Branch as an 
open sewer should be discontinued and a closed sewer laid for that 
section of the town. Adequate provision against flooding of the 
sewers should be made, either by enlarging the sewers sufficiently to 
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carry off the surface water following heavy r rains or eat diverti ng 
this water from the sanitary sewers. 

All houses within a reasonable distance of a town sewer should be 
required to have closets connecting with the sewer. All privies on 
such premises should be condemned, and their contents safely dis- 
posed of. Where sewer connections are for the present impossible, all 

open privies should be replaced by privies of an approved sanitary 
model. Fly-proof can privies would be a great improvement. Dry 
earth or lime could be used in the cans. The care of all privies and 
the disposal of their contents should be under municipal control. 

CARE OF TYPHOID FEVER PATIENTS. 

Adequate provisions should be made for: 
(1) Prompt reporting of all cases of typhoid fever. : 
(2) Careful instruction of the families of typhoid fever patients i in 

the necessary prophylaxis. This should be done by a representative 
of the board of health. | 

(3) Supplying of disinfectants free of charge to the poor. 

SUPERVISION OF FOOD SUPPLIES. 

The sale of milk should be under some supervision by the board of 
health, at least to the extent of prohibiting its sale by persons living 
on insanitary premises or premises on which a case of typhoid fever r 
or other infectious disease is under treatment. 

The board of health should also have supervision over the publi 
restaurants of the town. Some of these were found to be in a con- 
dition which must necessarily be a menace to the health of those who 

eat there. } 

In order that the above measures may be carried out, it is obviousl 
necessary that the town should recognize the importance of its health 
department and make an adequate appropriation for the maintenance 
of an efficient organization. 
A safe water supply may be expected with reasonable certainty 

to greatly reduce the prevalence of typhoid fever in Williamson, but 
it is to be expected with equal certainty that even with a pure wate 
supply, if other preventive measures are neglected, the disease will 
remain constantly and excessively prevalent and will doubtless at 
times become epidemic. Compared to the cost of providing a pure 
water supply the cost to the town of the other measures recommended 
is insignificant, while their importance is, perhaps, equal to the im: 
portance of obtaining pure water. 



LIST OF HYGIENIC LABORATORY BULLETINS OF THE PUBLIC HEALTH 

AND MARINE-HOSPITAL SERVICE. 

The Hygienic Laboratory was established in New York, at the Marine Hospital 
on Siaten Island, August, 1887. It was transferred to Washington, with quarters in 

the Butler Building, June 11, 1891, and a new laboratory building, located in Wash- 

ington, was authorized by act of Congress March 3, 1901. 

The following bulletins [Bulls. Nos. 1-7, 1900 to 1902, Hyg. Lab., U. S. Mar.-Hosp. 
Serv., Wash.] have been issued: 

*No. 1.—Preliminary note on the viability of the Bacillus pestis. By M.J. Rosenau. 
No. 2.—Formalin disinfection of baggage without apparatus. By M. J. Rosenau. 
*No. 3.—Sulphur dioxid as a germicidal agent. By H. D. Geddings. 

*No. 4.—Viability of the Bacillus pestis. By M. J. Rosenau. 
No. 5.—An investigation of a pathogenic microbe (B. typhi murium Danyz) applied 

to the destruction of rats. By M. J. Rosenau. 
*No. 6.—Disinfection against mosquitoes with formaldehyde and sulphur dioxid. 

By M. J. Rosenau. 
No. 7.—Laboratory technique: Ring test for indol, by 8S. B. Grubbs and Edward 

Francis; Collodium sacs, by S. B. Grubbs and Edward Francis; Micro-photography 
with simple apparatus, by H. B. Parker. 
By act of Congress approved July 1, 1902, the name of the ‘‘United States Marine- 

Hospital Service” was changed to the ‘‘ Public Health and Marine-Hospital Service 
of the United States,’’ and three new divisions were added to the Hygienic Laboratory. 

Since the change of name of the Service the bulletins of the Hygienic Laboratory 
have been continued in the same numerical order, as follows: 

*No. 8.—Laboratory course in pathology and bacteriology. By M. J. Rosenau. 
(Revised edition, March, 1904.) 
_*No. 9.—Presence of tetanus in commercial gelatin. By John F. Anderson. 

No. 10.—Report upon the prevalence and geographic distribution of hookworm 

disease (uncinariasis or anchylostomiasis) in the United States. By Ch. Wardell 
Stiles. 

*No. 11.—An experimental investigation of Trypanosoma lewisi. By Edward 

Francis. 
*No. 12.—The ee etonteal impurities of vaccine virus; an experimental study. 
By M. J. Rosenau. 

*No. 13.—A statistical study of the intestinal parasites of 500 white male patients 
at the United States Government Hospital for the Insane; by Philip E. Garrison, 
Brayton H. Ransom, and Earle C. Stevenson. A parasitic roundworm (Agamomermis 

culicis n. g., n. sp.) in American mosquitoes (Culex sollicitans); by Ch. Wardell Stiles. 
The type species of the cestode genus Hymenolepis; by Ch. Wardell Stiles. 

No. 14.—Spotted fever (tick fever) of the Rocky Mountains; a new disease. By 

John F. Anderson. 
No. 15.—Inefficiency of ferrous sulphate as an antiseptic and germicide. By Allan 

J. McLaughlin. 
- *No. 16.—The antiseptic and germicidal properties of glycerin. By M.J. Rosenau. 
*No. 17.—Illustrated key to the trematode parasites of man. By Ch. Wardell Stiles. 

~ *No. 18.—An account of the tapeworms of the genus Hymenolepis parasitic in man, 
including reports of several new cases of the dwarf tapeworm (H. nana) in the United 
States. By Brayton H. Ransom. 

(1) 
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*No. 19.—A method for inoculating animals with precise amounts. By M. R 

Rosenau. | 
*No. 20.—A zoological investigation into the cause, transmission, and source of 

Rocky Mountain ‘‘spotted fever.’’ By Ch. Wardell Stiles. 
No. 21.—The immunity unit for standardizing diphtheria antitoxin (based on 

Ebrlich’s normal serum). Official standard prepared under the act approved July 1, 
1902. By M. J. Rosenau. 

*No. 22.—Chloride of zinc as a deodorant, antiseptic, and germicide. By T. B. 
McClintic. a 

*No. 23.—Changes in the Pharmacopeeia of the United States of America. Eighth 
Decennial Revision. By Reid Hunt and Murray Galt Motter. 

No. 24.—The International Code of Zoological Nomenclature as applied to medicine, 
By Ch. Wardell Stiles. 

No. 25.—Illustrated key to the cestode parasites of man. By Ch. Wardell Stiles. 
No. 26.—On the stability of the oxidases and their conduct toward various reagents, 

The conduct of phenolphthalein in the animal organism. A test for saccharin, and a 
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THE EFFECT OF A NUMBER OF DERIVATIVES OF CHOLINE AND 
ANALOGOUS COMPOUNDS ON THE BLOOD PRESSURE.’ 

By Retry Hunr and R. pr M. Tavrav. 

INTRODUCTION. 

Certain derivatives of choline are, as was shown ina preliminary 
ymmmunication,® extraordinarily active in causing changes in blood 
ressure; one of them (acetyl-choline) was found to be more active in 
lis respect than any compound of any kind previously investigated. 
hese preliminary investigations also showed that it was possible to 
odify the action of choline in definite directions by the introduction 
f certain chemical groups. Hence it seemed not improbable that a 
ther study of these compounds might lead to the discovery of sub- 
ances having distinct therapeutic value.° 
Accordingly a large number of derivatives of choline and certain 
zalogous compounds not hitherto prepared or studied were made 
id the degree of their toxicity determined ? preparatory to an inves- 
gation of their effects upon the circulation. 
In the present communication it is proposed to report on experi- 
ents made to determine the general effects of certain of these com- 
ounds upon the circulation; it is our purpose to investigate later, in 
stail, the pharmacological action of certain of the more active of them. 
Methods.—The present investigation was limited largely to a deter- 
ination of the effects of the compounds under investigation upon 
1e heart rate and blood pressure as determined by the mercury 

@Manuscript submitted for publication August 19, 1910. 
6Hunt and Taveau, Brit. Med. Jour., 1906, ii, p. 1788. 
¢Choline and its derivatives are of considerable interest in pharmacology and 
1ysiology from other standpoints also. Thus it is one, perhaps the chief, of the 
ood pressure lowering bodies in the suprarenal glands (Hunt, Amer. Jour. Physiol., 
99, 3, p. xviii, 1901, 5, p. vi; Lohmann, Pfltiger’s Archiv, 1907, 118, p. 215) and 

me other organs. It is closely related to, and easily converted into, neurine and 
uscarine and other powerful poisons. It is found in the galenical preparations of 
me important drugs (ergot, for example). Since it probably occurs (in combi- 
stion) in all cells, both plant and animal, and is comparatively easily converted 
to other and more active compounds, it has long been recognized as a possible 

urce of danger in foods, etc. 
@ Hunt and Taveau, Jour. Pharmacol. and Exper. Therap., 1909, 1, p. 303. 
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manometer in the usual manner. This method, of course, permits o 
but a very imperfect analysis of the action of a substance upon the 
circulatory organs, but it suffices to indicate which of the compounds 
have properties which render them worthy of further investigation. 

In order to further simplify the problem the experiments were per 
formed for the most part upon curarized animals. The latter were 
invariably anesthetized, usually with urethane and chloral or ether. 

The blood pressure was usually recorded from the carotid. The 
compounds, almost always in the form of their chlorides dissolved in 
normal saline solution, were injected into the saphena vein unless it is 
otherwise stated. Care was taken to make the injections at a uniform 
rate. Since the injection of small amounts of normal saline solution 
sometimes causes rather considerable changes in blood pressure, espe: 
cially in curarized animals, control injections of this were made a 
frequent intervals in every experiment. | 
A summary of the action of each of the compounds studied will first 

be given, and then the influencé of certain groups upon the physio- 
logical activity discussed. 

I. SUMMARIES OF THE EFFECTS ON THE BLOOD PRESSURE. 

Z(CHs), 

CIN CH,CHLOH 

CHOLINE CHLORIDE. 

Historical.—Al\though the action of choline upon the circulation has | 
been the subject of many investigations, it is still but imperfectly 
understood; this is due largely to the fact that the action is ve y 

complex. | 

No attempt will be made to review the literature in this place; only _ 
a few of the investigations bearing more directly upon our own work 
will be cited. | 
One of the most complete investigations of the action of cholin | 

upon the circulation is that of Mott and Halliburton.? These investi 
gators found that the injection of a 0.2 per cent solution of cholin | 
into dogs and cats caused a fall of blood pressure and usually a slow- 
ing of the heart; subsequent injections had less effect; they state that 

the heart was somewhat weakened, but that the output was increased, 
They found the blood vessels of the intestines to be dilated, wherea 
there was no effect upon those of the kidneys or limbs; the dilatation 
was of peripheral origin. They attributed the fall of pressure in part 
to the action on the heart, but mainly to the dilatation of the vessels ¢ 

aThis has recently been done by Modrakowski, Pfliiger’s Archiv, 1908, 124, f 

601, and by Abderhalden and Miiller, Zeitsch. f. physiol. Chemie, 1910, 65, p. 42 

b Mott and Halliburton, Phil. Trans., Royal Society, London, 1899, 191, B, p. 211, 
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the intestinal area. These writers made the interesting observation 

that after the administration of atropine choline no longer caused a 
fall of pressure, but usually caused a rise; they stated that this effect 
was due mainly to action on the heart. 
Formanek® stated that choline caused first a fall of blood pressure 

and an acceleration of the heart; he attributed both of these effects to 

an action upon the heart. Later there was arise of pressure and a 
slowing of the heart; he attributed the former to a stimulation of 
peripheral vaso-constrictors and the latter to a stimulation of the 
eardio-inhibitory center. Busquet and Pachon ° stated that the effect 
of choline upon the blood pressure depends upon the size of the dose 
injected: 1 or 2 mgm. per kilo animal causing in a chloralosed or cura- 
rized dog a fall of pressure, whereas 4 or 5 mgm. caused a rise of pres- 
sure; the large doses caused marked constriction of the kidney. 
Larger doses sometimes had an effect on the heart which masked the 
yaso-motor effect. In atropinized animals these authors‘ found a 
summation of the effects of epinephrine and choline. 

Deserez and Chevalier? state that the fall of pressure is accompanied 
by cardiac acceleration with a diminution of the amplitude. 
Modrakowski¢ believes that those investigators who report that 

choline causes a fall of pressure have worked with impure or dete- 
riorated preparations; he maintains that pure choline causes only a rise 
of pressure. ‘The results of Modrakowski were discussed at the meet- 
ing of the German Physiological Society.’ Boruttau stated that he 
had fully confirmed Modrakowski’s result that choline chloride when 
freshly crystallized and protected from air and especially from light 
causes only a rise of blood pressure. R. Miiller also stated that a 
pure preparation of ‘‘synthetic” chlorine showed no or but a very 
brief and slight fall of blood pressure, whereas older preparations 
obtained from organs caused a marked fall of blood pressure. Von 
Firth stated that pure choline obtained from the gold salt caused a 
fall of blood pressure. Lohmann stated that he had been unable to 
confirm Modrakowski’s work; after passing choline through both the 
gold and platinum salts and recrystallizing these several times he 
obtained choline causing a fall of blood pressure. 

The question was also investigated by Abderhalden and Miller.’ 
These authors used two preparations, one from Merck (source not 
stated) and one prepared according to the method of Kriiger and 

“Quoted from Biochemisches Centrallblatt, 1903, 1, p. 368. 

6 Busquet and Pachon, Comptes rend. de la Soc. de Biol., 1909, 67, p. 218. 

¢ Busquet and Pachon, ibid., p. 277. 

@ Desgrez and Chevalier, Comptes rend. de la Soc. de Biol., 1909, 67, p. 251. 
- €Modrakowski, Pfliiger’s Archiv., 1909, 124, p. 601. 

f Zentrbll. f. Physiol., 1909, 23, p. 291. 

g9 Abderhalden and Miller, Hoppe Seyler’s Zeitsch., 1910, 65, p. 420. 
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Bergell.* (Preparation of trimethylamine-bromethylium-bromide by 
passing dry trimethyl-amine into ethylenebromide heated to 110°-120° 
and converting the former into choline by heating its aqueous solu- 
tion in a sealed tube for three to four hours at 150°-160°.) They 
reached the conclusion that the typical effect of choline is to cause a 
fall of blood pressure; they state that a rise is obtained only as a result 
of accessory factors, such as fibrillary contractions of striated mus 
cles, ete. 

Pal,’ using a synthetic preparation from the Héchst Farbwerke and 
experimenting on cats, stated that choline causes a short depressior 
followed by a rise of blood pressure; the latter he attributed to 
peripheral vaso-constrictor action in the splanchnic area. 

With deep curarization there was no rise of pressure. eee 
curare, as after section of the medulla oblongata, for example, small 
doses were strongly pressor. He found the action on the heart to be 
inconstant. 

The most recent investigation on the subject is that of F. Miiller® 
who states that the fall of pressure is due (a) to an effect upon the 
heart; the latter is slowed and the slowing is not prevented by section 
of the vagi or by atropine. The volume of the heart is increased 
(Stauung); (4) to a peripheral vasodilatation; this dilatation occurs 
chiefly in the extremities and not in the splanchnic area. After 
atropine choline no longer caused a dilatation of the peripheral vessels, 
but caused a contraction; atropine thus abolished the effect of choline 
upon the dilators and allowed its effect upon the constrictors to appear. 
Experimental.—We have used choline? from the following sources: 

(1). From the suprarenal gland; the choline was obtained from 
extracts of the glands after the epinephrine had been removed ‘by 

Doctor Abel; it was precipitated with mercuric chloride and purified 
by repeated crystallizations of the platinum or gold salt; as the char- 
acter of the chief blood-pressure lowering body of the suprarenal was 
at the time of the earlier of these experiments (1899) unknown, the 
substance was purified with special care, and the preparations used for 
animal experiments were frequently passed through both the gold 
and platinum salts and their identity determined by determination of 
the platinum and gold as well as by the solubilities, melting points, 
etc.; (2) from egg; the lecithin was decomposed in the usual manner 
and the choline precipitated either by mercuric chloride or phospho- 
tungstic acid and afterwards purified by means of the platinum saif; 

a Kriiger and Bergell, Ber., 1903, 36, p. 2901. 

6 Pal, Zentrbll. f. Physiol., 1910, 24, p. 1. 

cF, Miller, Medzin. Klinik, 1910, No. 22. 
din most cases the choline was injected in the form of the chloride. The 

glycerophosphate, sulphate, lactate, camphorate, and nitrite were also prepara 

their action was the same as that of the chloride. (Exper. 218.) 
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(8) synthetic from trimethylamine and ethylene chlorhydrine 
(Wiirtz’s” method) and from trimethylamine and ethylene bromide 
(Bode); (4) Kahlbaum’s preparation; (5) Griibler’s preparation; (6) 
choline made by what we shall call the ‘“‘methyl-iodide process” (to 
be described later). 

The effects of the last preparation differed in certain respects from 
that of the others; they will be discussed later. With these excep- 
tions all of the above preparations had the same effects. These were 
practically those described by Mott and Halliburton; that is, they 
caused a fall of pressure before atropine, the effect often diminishing 
with successive injections, and either no effect or a rise of pressure 
after-atropine. 

_ Sometimes, before atropine, the fall of pressure was followed by a 
‘rise (Exper. 243° for example); in such cases there were frequently 
slight movements as described by Abderhalden and Miiller. In other 
cases, however, curare seemed rather to increase the tendency to 
cause a rise,’ especially if it had itself caused a fall of pressure. This 
was the case for example in Experiment 232. 

Nicotine did not prevent the fall of pressure. (Exper. 278, 284.) 
We did not observe that the size of the dose had a constant effect 

upon the result; that is, a large dose did not seem to more constantly 
cause a rise than did asmaller one. The condition of the blood pres- 
sure seemed to have more influence. Thus, when the blood pressure 
was very high, very small doses seemed especially efficacious in caus- 
ing a fall. (Exper. 256.) 

The heart was frequently slowed (Exper. 238); section of the vagi 
often, but not invariably, prevented this (Exper. 210 and 240). 

Stimulation of the depressor was sometimes able to completely 
overcome the rise of pressure caused by choline after atropine. 
(Exper. 214.) 

Many of the experiments were made with solutions prepared from 
the platinum salts immediately before their use. No difference was 
observed between the effects of such solutions and those prepared 
several days previously and kept in a cold (15°C.) and dark room 
(Exper. 268); a solution which had been kept for three years under 
these conditions gave the typical choline effects, although it was not 
So very active (Exper. 272). 

As to the cause of the changes in blood pressure, we are inclined to 
attribute more importance to the changes in the heart than has been 
done by several of the previous writers. This is especially the case 

«Wirtz, Liebig’s Annalen, Spl. 6, p. 116. 

6 Bode, ibid., 267, p. 272. 

¢See the protocols of experiments at the end of the text. 

@This is probably due to a partial paralysis of the endings of the inhibitory nerves 
in the heart, 
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as regards the rise of pressure which frequently occurs after atropine; 
here myocardiograph tracings showed a marked stimulation of the 
heart, i. e., the heart contracted much more completely and there was _ 
little or no increased dilatation in diastole. The tracing was very 
similar to that obtained with epinephrine. Before atropine the oppo 
site occurred; the systole was less complete. 

As stated above, we obtained with one preparation of choline results 
which differed markedly from those just described. This preparation | 
was made as follows: | 

Dimethylethylalkine was prepared according to the method of. 
Ladenburg % (from dimethylamine and ethylene chlorhydrine: 

CH, 

N—CH,+ CH,Cl CH,OH =CIHN@ 

NH 
methyl! iodide in the manner described by this author® in connection 
with diethylpropylalkine; the iodide was converted into the chloride 
by digestion with silver chloride. A portion was converted into the 
platinum double salt. This melted at 238-239° (corr.) and gave the 
following figures for platinum: 

AACHS), 
CCH, CH,OH and this treated wie 

I. 0.1219 om. salt gave 0.0385 gm. platinum. 
II. 0.1391 gm. salt gave 0.0440 gm. platinum. 
Calculated for: 

(cine ZICH), ee | Found. 

\CH,CH,OH i Il. 

31.63 per cent platinum. 31.58 per cent. 31.62 per cent. 
The choline used in the experiments was freed from the platinum 

salt by treatment with potassium chloride or hydrogen sulphide. Ag 
is shown by the Experiments 262, 264, 266, 267, and 268, this prepa- 
tion had, before atropine, the same effect and about the same degree 
of activity as the others, except that in one case it was slightly more 
active in causing a fall, and in another case, after repeated injections, 
when the effects of all had become less, the effect from it diminished 
most rapidly; also in one case where the others had no effect, this 
compound caused a rise of pressure. After atropine, however, this 
compound was far more active in causing a rise than were the others 

It was quite active in causing a rise of pressure after this-had been 
lowered by the injection of peptone; the rise of blood-pressure was” 
accompanied by an acceleration of the heart. 
We are unable to explain these peculiarities. The substance, from 

a chemical standpoint, certainly corresponded to a very pure prepara 
tion of choline. Possibly some extremely active substance, present 
in too small a proportion to influence the platinum content, was_ 
responsible. It seems more probable, however, that there is some 

4 Ladenburg, Ber. 1881, 14, p. 2408. 

b Ladenburg, ibid., 1882, 15, p. 1145. 5) 
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hemical difference, for we were unable to obtain an acetyl derivative? 
rom this preparation, and the benzoyl derivative of it differed to 
ome extent both chemically and physiologically from the benzoy]- 
tholine obtained from egg choline. One suggestion would be that 

A(CH;); 

\CHOHCH, 
yay, been produced. This compound, however, is not known,? and, 
noreover, it is difficult to see how it could have been formed under 

he conditions. 

ome of the hypothetical iso-choline HON had, in some 

ZA(CHs)s 

atat sh: 

TRIMETHYL-BROMETHYL-AMMONIUM BROMIDE, 

This compound was prepared by the direct addition of trimethyla- 
nine and ethylene bromide.° , 
Summary.—This compound caused a fall of blood pressure or a fall 

ollowed by a rise or simply a rise of pressure before atropine (Exper. 
138); there was usually a slowing of the heart. After atropine there 
vas a rise of pressure; this was completely overcome by stimulation 
yf the depressor (Exper. 214). Its action did not differ very mark- 
dly from that of choline; as a rule, however, it was more active than 
his both in causing a fall and a rise of pressure. 

“a Z(CHs)s 

ONS CHLOE 

FORMOCHOLINE CHLORIDE (OXYMETHYL - TRIMETHYL - AMMONIUM 
CHLORIDE). 

Preparation.—This compound was prepared by the method of Hof- 
nann@ (boiling iodomethyl-trimethyl-ammonium iodide with silver 
yxide). 
- Summary.—This compound caused a fall or a fall and a rise of 
lood pressure before atropine and a rise after atropine. It was dis- 
inctly more active than choline especially in causing a fall of pressure 

@(Note during proof reading.) On repeating this experiment there was obtained 
acetyl derivative the platinum salt of which contained 28.23 per cent platinum 

calculated: 27.82 per cent) indicating, perhaps, incomplete acetylation. On recrys- 
llization, a salt with 28 per cent platinum was obtained; this differed in appearance 
rom the platinum salt of the acetyl derivative obtained from egg cholin, under pre- 
isely the same conditions, in that it was yellow whereas the latter was red. 

bOf. Schmidt, Liebig’s Annalen, 1904, 337, p. 46. 
¢Hofmann, Jahresbericht iiber die Fortschritte der Chemie, 1858, p. 338. 

@Hofmann, Jahresber. iiber die Fortschritte der Chemie, 1859, p. 377, cf. Litter- 

heid, Liebig’s Annalen, 1904, 337, p. 74. 

64552 °—11——2 
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before atropine (Exper. 290). It was about nine times as toxic fo 
mice as choline. 

A(CHs)s 

CINS GH,OCH, 

METHYL ETHER OF FORMOCHOLINE. 

Preparation.—This compound was prepared according to the method 
of Litterscheid and Thimme? (by combining chlormethyl ether and 
trimethylamine). It was not obtained in pure form; the platinum salt 
contained 82.72 per cént platinum (calculated : 31.65 per cent). 
Summary.—This compound caused a fall or a fall and rise of pres- 

sure before atropine and a rise after atropine. It was about one-half 
as active as formocholine before atropine and about as active as this 
after atropine (Exper. 290). It was twice as poisonous for mice ¢ 
formocholine.? 

can | 
\CH,COOH | 

BETAINE CHLORIDE. | 

Kalbaum’s preparation was used. 
Summary.—This substance had no effect upon the blood pressure 

when injected in doses of 1 or 2 cc. of a 1 per cent solution (Expe | 
290). The results thus agree with those already reported by Mott 
and Halliburton. | 

Z(CHs), 

\CH,CH,0(CH,CO). 
CIN 

ACETYL-CHOLINE CHLORIDE. 

{ 
j 
; 
: 
j 
4 

Preparation.—This compound was prepared by the method describect 
by Nothnagel.¢ The sirupy product, obtained by heating acetyl chlo 
ride and dry choline chloride in a sealed tube in the water bath, wa: 
poured into anhydrous ether, allowed to stand a short time, the ethe 
decanted, and the product washed, by decantation, with dry ether 
After long standing in the dessicator the product became crystalline 
A small quantity was converted into the platinum double salt, the s 
recrystallized from hot water and analyzed. } 

0.2657 om. salt contained 0.0739 gm. platinum. 4 

Calculated for: : 
(CIN(CH,), C,H,O. CH,CO), PtCl, rn 

27.82 per cent platinum. 

aLitterscheid and Thimme, Liebig’s Annalen, v. 316, p. 166, and v. 384, pp. 
and 63. 

bMeyer (Liebig’s Annalen, 1904, 337, p. 50) compared the toxicity of the etl 
ether of formocholine with that of the ethyl ether of choline; the former 
slightly more toxic than the latter. Both were much more toxic than choline. 

¢ Nothnagel, Archiv der Pharmazie, 1894, 232, p. 266. 
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The other acyl derivatives of choline and analogous compounds dis- 
ussed in this paper were prepared in a manner similar to the above 

he acetyl and similar derivatives by heating the chloride of the base 
ith acetyl chloride in a sealed tube or by boiling it with acetic 
nhydride in a flask fitted with a reflux condenser; the benzoyl! deriv- 
tives by heating the chloride of the base with benzoyl chloride in an 
vaporating dish, covered with a watch glass, on the water bath, or by 
eating it with benzoic anhydride in a beaker in a paraffine bath at 
50° for six hours and treating the reaction product as described 
bove). 
With the exception of acetyl-choline, which underwent some hydroly- 

is by the treatment, all of the acyl derivatives of choline and a number 
f those of the other compounds were converted into the platinum or 
old double salts; the chloride of the base was freed from these for 

1e physiological experiments by the action of hydrogen sulphide. 
In decomposing the gold and platinum double salts with hydrogen 
ulphide it was found advantageous to add the calculated amount of 
»dium bicarbonate to the solution or suspension of the metal salt in 
ater to neutralize the hydrochloric acid resulting from the decompo- 
ition of the salt, since this acid tends to hydrolyze the acyl derivatives. 
he metal sulphide was filtered off, the solution slightly warmed, and 
2c hydrogen sulphide displaced by a rapid stream of carbon dioxide. 
Summary.—This compound is extraordinarily active in causing a 

ull of blood pressure before atropine; after atropine it has little, if 
ny, effect upon the circulation. It sometimes causes a slight slowing, 
ometimes a slight acceleration, of the heart. 
Injected subcutaneously into mice it was about three times as toxic 

s choline; injected into rabbits and cats intravenously it was far more 
»xic than choline, but the difference between the dose producing a 
varked effect upon the blood pressure and the fatal dose was extraor- 
inarily great, the latter being at least several hundred times as 
irgeastheformer. After atropine very large doses could be injected 
ithout causing death. 
In one experiment (220) 1 cc. of a solution 1 to 5,000 caused a rapid 

ull of blood pressure and in about thirty seconds final stoppage of the 
eart. In another experiment a still smaller amount seemed to cause 

eath. Different animals showed great differences in their response 
9 this drug. This is shown in the protocols of the experiments (214, 
or example). Comparisons (on the same animal) of the activity of 
etyl-choline and that of certain other drugs having a marked action 
the circulation gave interesting results. In experiments 248 and 
2, for example, it was found that acetyl-choline was about 100,000 
mes as active in causing a fall of pressure as was choline and hun- 
eds of times as active as nitroglycerine. It was hundreds of times 
ore active in causing a fall of pressure than was epinephrine in 
ising a rise of pressure. 

! 
{ 
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The above experiments also show what minute amounts of acety 
choline suffice to cause a fall of pressure. Thus in some cases o 
two-hundred millionth of a gram (0.000,000,005 gm.) sufficed to ca 
a distinct effect upon the blood pressure of a large rabbit. In oth 
words, 1 cc. of a solution containing but one mgm. in 200 liters 
saline solution (or one sixty-fourth of a grain in 50 gallons) was di 
tinctly active.% 

Experiment 252 was one of the few experiments in which a secon 
ary rise of pressure followed the fall caused by acetyl-choline. 
curare had been given, and it is possible that the rise of pressure 
the result of slight muscular movements. The usual absence of a ri 
after curare supports this suggestion. 

Experiment 248 was somewhat unusual in that the injection ¢ 
acetyl-choline, in comparatively small doses, caused a very consid 

able slowing of the heart after section of the vagi. In experiment 2¢ 
there was an acceleration (vagi intact). 

Experiment 252 (quoted above) well illustrates the action of atropi 
in preventing a fall of pressure from a small dose of acetyl-choli 
Thus, before atropine 1 cc. of a solution 1 to 200,000,000 caused a fa 
of pressure; after 6 mgms. of atropine a solution of 1 to 250,000 (8 
times as strong) had no effect. A solution ten times as strong as th 
latter, however, caused a marked fall, which was, however, completel 
abolished by a dose of 4 mgms. of atropine. When, however, a sti 
stronger solution of acetyl-choline was injected there was again a f 
of pressure.? 

aWe have shown elsewhere (Brit. Med. Jour., 1906, ii, p. 1791) how a test 

choline, by which 0.01 and probably 0.001 mgm. of it may bedetected, may be bas 
upon this great physiological activity of acetyl-choline. 

6The effect of atropine in abolishing the action of acetyl-choline upon the blo 
pressure seems to take a somewhat different course from its effect upon the slow 
of the heart rate from stimulation of the vagus. Thus in an experiment (303) uf 
a dog of 6.8 K. 2 cc. of a solution of acetyl-choline 1 to 1,000,000 caused a fall of pa 

sure of 16 mm.; 2 ce. of a solution 1 to 100,000 caused i afallof 38mm. After 

injection of 0. 002 mgr. of atropine sulphate these solutions had no effect, where: 
there was no detectable impairment of the ability of the vagus to slow or stop # 
heart upon electrical stimulation of this nerve. 2 cc. of a solution of acetyl-cholir 
1 to 10,000 caused the pressure to fall 51 mm.; this effect was completely abolis 
by a second injection of 0.002 mgr. atropine, although this again had no dota 

effect upon the electrical stimulation of the vagus. 2 cc. of a solution of acetyl-chol 
1 to 1,000 now caused a fall of pressure of 68 mm.; a third injection of 0.002 

atropine sulphate reduced this fall to 28 mm., but still had no effect upon the 
trical stimulation of the vagus. Thus, after 0.006 mgr. of atropine sulphate, ab 

2,000 times as much acetyl-choline was required to produce a given effect upon 

blood pressure as before, yet there was no apparent change in the effect of stimu 

ing the vagus electrically. After an injection of 0.02 mgr. atropine sulphate sti 

lation of the vagus caused a slight acceleration of the heart; strong solutio 

acetyl-choline still caused a fall of pressure. Of course, it is possible that with mo 
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Similar results were obtained in experiments 243 and 257. Experi- 
jents 221, 235, 246, 248, and 257 illustrate how the rise of pressure 

aused by epinephrine may be overcome by acetyl-choline. 
After repeated injections of epinephrine or homorenon, acetyl- 

holine seemed to become less effective in causing a fall of pressure, 
ut the experiments were not sufficiently numerous to permit of a 
efinite conclusion. | 
Nicotine, in large doses, had no effect upon the fall of pressure 

Exper. 278); we found this to be true also for the fall of pressure 
rom choline, as was also observed by Mott and Halliburton. 
Several illustrations have been given in the above protocols of the 

ffect of acetyl-choline upon the heart rate. In by far the larger num- 
er of experiments, in which doses having but a moderate effect upon 
2e blood pressure were employed, there was no effect upon the heart 
ate unless the latter was unusually slow or unusually rapid. In the 
ormer case (if the vagi were intact) there was frequently a slight accel- 
ration, in the latter aslowing.* Sometimes, after section of the vagi, 
, {or some reason, the heart was beating very slowly an injection of 
eetyl-choline having a very pronounced effect upon the blood pressure 
aused an acceleration. Thus in one experiment the heart rate had 
ullen to fourteen beats in ten seconds as the result of the injection of 
n extract of brain; acetyl-choline caused the pressure to fall from 152 
> 36 mm. and the heart rate to increase to forty beats in ten seconds. 
n another case a small dose of acetyl-choline caused a slowly beating 
eart to double its rate, probably as a result of removing a heart block. 
Large, toxic doses sometimes caused a slight long continued slowing 

f the heart after section of the vagi and alsoafter atropine; this effect 
ras overcome by stimulation of the accelerator nerves. (Exper. 258.) 
ery large doses caused great slowing (Exper. 223) and extreme irregu- 
iity and not infrequently complete final stoppage of the heart. 

wrefully graduated electrical stimuli a diminution of the vagus effect could have been 
etected after these small doses of atropine. 
Results similar to the above were obtained with hyoscyamine, eumydrine, and 
opolamine; the latter was, however, more active than the others. Homatropine 
semed to diminish the effect of acetyl-choline and of electrical stimulation simul- 
ineously, but large doses were necessary. Euphthalmine seemed to abolish the 
fect of vagus stimulation before that of acetyl-choline; comparatively large doses 
ere necessary (perhaps 40-80 times as much as of scopolamine). 
The marked action of minute amounts of atropine and related compounds in reduc- 

ig the effect of acetyl-choline upon the blood pressure might be of value in detecting 
ese alkaloids in medico-legal and other cases. Their effect on the fall of blood 
ressure caused by muscarine is similar. 
Caffeine, calcium chloride, and sodium oxalate, injected intravenously, had no 

ifect upon the fall of pressure caused by acetyl-choline. 
0.1 gm. of acetyl-choline injected subcutaneously into a dog weighing 6.4 K. had 

0 distinct effects beyond causing considerable salivation. 
4The condition is analogous to the results of the stimulation of a sensory nerve; 

the heart is beating slowly, an acceleration usually results; if it is beating rapidly, 
Slowing. (Hunt, Amer. Jour. of Physiol., 1899, 2, p. 451.) 
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Acetyl-choline was fairly active when injected subcutaneousl 
(Exper. 264.) 

We propose to investigate in detail the action of this substance upo: 
the circulation. From the results so far obtained we are inclined to th 
view that the blood pressure lowering action of acetyl-choline is du 
largely to an effect upon the heart, probably due to a stimulation 
those structures in which the ‘‘ weakening” fibers of the vagus en 
the fact that an amount of atropine suflicient to abolish the effect upo 
the heart rate of electrical stimulation of the vagus does not com 
pletely abolish (although it very greatly diminishes) the effect of th 

acetyl-choline, suggests that the action is on a ‘‘ receptive substance 
rather than upon ‘‘nerve endings;” larger amounts of atropine paralyze 
more and more of this substance until finally the effect of acety 
choline is completely abolished. Support for this hypothesis wag 
afforded by experiments with the myocardiograph: Before atropine 
there was a lessening of the systole, after atropine there was no effect. ; 

cunZ 8s 
\C,H,O(C,H,CO). 

é 

PROPIONYL-CHOLINE CHLORIDE. 

0.1827 gm. of the platinum compound contained 0.0490 gm. pat 
num. ¢ 

Calculated for: 
(CIN(CH,), C,H,O(C,H;CO)), PtCl, Found 

26.76 per cent platinum. 26.82 per cent, 

Summary.—This compound caused a fall of blood pressure before 
atropine and arise after it. (Exper. 218, 221, 223, 243.) It was more, 
perhaps 100 times, active than choline in causing a fall of pressure, 
but of about the same activity in causing a rise of pressure. In some 
cases there was a considerable slowing of the heart (Exper. 223); thi 
was abolished by section of the vagi (Exper. 222); the fall of pressu 
occurred independently of the slowing of the heart. The rise, afte 
atropine, was overcome by stimulation of the depressor. (Exper, aang 

4 
wa 

cunZ CBs 
\C,H,O(C,H;CO) 

NORMAL BUTYRIL-CHOLINE CHLORIDE. 

Preparation.—The platinum salt of the compound (obtained from 
choline chloride and the anhydride of the acid) gave the following 

results on analysis: ¥ 

4 Dr. Schultz found no effect upon the outflow when comparatively strong solution 
of acetyl-choline were added to Ringer’s solution which was being perfused through 

the vessels of a guinea pig. 
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0.1716 gm. of the salt gave 0.0443 om. platinum. 
Calculated for: 

CIN(CH,), C,H,O(C,H,CO)), PtCl, Found 
25.77 per cent platinum. 25.81 per cent. 

Decomposition of the platinum salt by means of hydrogen sulphide 
esulted in the decomposition of the substance. The salt was there- 
ore decomposed by adding a solution of potassium chloride to the hot 
olution of the platinum salt and allowing the solution to evaporate in 
, vacuum desiccator and extracting the residue with absolute alcohol; 
art of this solution was precipitated with platinum chloride and the 
latinum content again determined.@ 
—Summary.—The most frequent effect of the injections of normal 
uutyril-choline was a fall of pressure followed by a rise (Exper. 236, 
46); sometimes there was only arise. There was usually a marked 
lowing of the heart if the vagi were intact (Exper. 236); section of 
he vagi prevented or diminished (Exper. 254) the slowing, but it did 
ot prevent the fall of pressure. After atropine there was a rise of 
ressure. ‘The compound was more active than choline both in caus- 
ng a fall and arise of pressure. (Exper. 256.) It was more active 
han propionyl-choline in causing a rise. (Exper. 2438.) 

ISO-BUTY RIL-CHOLINE. 

Preparation.—This compound was prepared in the same manner as 
he normal compound. The platinum salt gave the ferme figures 
n analysis: 

0.1709 gm. of the salt gave 0.0443 gm. platinum. 
Calculated for: 

CIN(CH,), C,H,O(C,H,CO)), PtCl, Found 
25.77 per cent platinum. 25.92 per cent. 

Summary.—This compound usually caused a fall of pressure before 
tropine and a rise after it. Occasionally it caused a rise before 
tropine. It caused a slowing of the heart when the vagi were intact, 
ut we have only a few experiments on this point. 
It usually caused a somewhat greater fall of pressure than did the 

ormal compound and sometimes caused only a fall when the latter 
aused a fall and a rise or had no effect. (Exper. 240, 246.) After 
tropine it was usually somewhat less active in causing a rise of pres- 
ure than was the normal compound. (Exper. 256.) 
The normal compound was, as a rule, more active in causing a rise 

f pressure and the iso in causing a fall. 

cinZ Z(CH,)s 
\C,H,0(C,H,CO) (iso). 

“A better method of purifying this compound would doubtless be the ether 
1ethod described under acetyl-choline. 



24 

ISO-VALERYL-CHOLINE CHLORIDE. 

Analysis of the platinum double salt gave the following figures for 
platinum: 

0.1706 gm. of the salt gave 0.0424.0m. platinum. 
Calculated for: 

(CIN(CH,), C,H,O (C,H,CO)), PtCl, Found 
24.85 per cent platinum. 24.85 per cent. 

Summary.—This compound had a marked action in slowing the 
heart; this was prevented by atropine (Exper. 225) and prevented ot 
ate diminished (Exper. 254) by section of the vagi; after sectior 

of the vagi (Exper. 222) and after atropine (Exper. 991) there was 
sometimes an acceleration of the heart. Small doses caused a fall 
(Exper. 255, 256) or a fall followed by.a rise (Exper. 222, 225) or 
only a rise (Exper. 218) of blood pressure. The fall of pressure was 
due largely, but not entirely, to central vagus stimulation. After 
atropine, and usually after section of the vagi, there was a marked 
rise of pressure. It was far more active in causing a rise of pressure 
than was choline (Exper. 256). In some cases there was a marked 
rise of pressure notwithstanding a marked slowing of the heart 
(Exper. 225). 

ACH ) 614 (00), 
Chien : 

SUCCINYL-CHOLINE CHLORIDE. 

Analysis of the platinum salt of the compound gave the following 
figures for platinum: 

0.1047 om. of the salt gave 0.0290 gm. platinum. 
Calculated for: 

(CIN(CH,), C,H,O. COCH,), PtCl, ‘Found 
27.91 per cent platinum. 27.70 per cent. 

Summary.—The most marked effects of succinyl-choline were slow- 
ing of the heart (from central vagus stimulation) (Exper. 222, 228) 
and (after section of the vagi (Exper. 221) or atropine) a marked and 
Jong continued rise of blood pressure. With intact vagi there was 
usually a fall of blood pressure, due apparently to the vagus effect. 
Occasionally, after section of the vagi, injections of the compound 
caused a halving of the ventricular heart rate. The compound over- 
came, to a very considerable extent, the fall of blood pressure from 
acetyl-choline (Exper. 221). Stimulation of the depressor caused a 
diminution of the rise from succinyl-choline (Exper. 221). Valeryl- 
choline, which has an effect similar to the succinyl compound, was 
several times (15 to 25) as active. 

A(CHs)s 
CIN, CH,CH,0(C,,He,CO) 
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PALMITYL-CHOLINE CHLORIDE. 

Preparation.—This compound was prepared by heating dry choline 
chloride with an excess of palmityl chloride for three hours at 100°. 
The reaction product was poured into cold alcohol, filtered, precipi- 
tated with alcoholic platinic chloride, filtered, washed with alcohol 
and with ether, the platinum double salt finally being boiled up with 
a considerable volume of water in which the double salt is difficultly 
soluble. Analysis of the salt, dried at 110°: 

0.2281 gm. salt gave 0.0406 gm. platinum. 
Calculated for: | 

=, H1,,NO,), PtCl, Found 
17.84 per cent platinum. 17.80 per cent. 

Summary.—This compound was very active in causing a fall of 
pressure before atropine (Exper. 297, 298); in one case it caused a 
very slight rise after atropine (Exper. 297). It seemed to be from 
10 to 20 times as active as choline in causing a fall of pressure but was 
much less active than this in causing a rise. 

cunZ CU H)s 

\CH,CH,O(C;H,,BrCO) 

Q&-BROM-ISO-CAPRONYL-CHOLINE CHLORIDE. 

Preparation.—This compound was prepared in the same way as the 
palmityl, using a@-bromisocapronylchloride. 

Analysis of the salt dried at 110°: 

0.1287 om. salt gave 0.0263 gm. platinum. 
~ Calculated for: 
i—,,4,.,NO,Br), PtCl, | Found 

20.09 per cent platinum. 20.43 per cent. 

Summary.—This compound caused a rise of pressure followed by a 
fall before atropine (Exper. 298); it was much more active than 
choline in causing a rise, but about equally active in causing a fall of 
pressure. After atropine it caused a rise of pressure, being more 
active in this respect than choline (Exper. 297, 298). One cc. ofa strong 
olution (2.7 per cent) caused the pressure to rise 82 mm. (from 95 to 
T7) (Exper. 298). 
This compound was slightly more toxic than choline.® 

CIN Z(CHs)s 

\OC,H,O(C,H;CO) 

a See Note A at end of text. 
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BENZOYL-CHOLINE CHLORIDE. 

Preparation.—This compound was made and described by Noth 
nagel.¢ Much of that used by us was made from egg choline; the 
preparation contained 23.63 per cent platinum: calculated for 

7 Z(CHs), X (cing OH,CH,O(G,H,C oy) PeCle 23.65 per cent. 

Later some benzoyl-choline was prepared from the choline made by 
the ‘“‘ methyl-iodide process” (which see) and benzoyl-chloride. The 
melting point of the platinum double salt was 239° to 242° with 
decomposition. The melting point given by Nothnagel for the 
platinum double salt of benzoyl-choline (made from choline prepared — 
from ethylene bromide and tri-methyl-amine) was 206°. 4 

J. 0.1294 gm. of the platinum salt gave 0.0305 om. platinum. 
II. 0.1126 gm. of the platinum salt gave 0.0267 gm. platinum. 
Calculated for: 

ZA(CHs), 

(ONG ncaa ee et 
Found 

I IL. 
23.65 per cent platinum. _ 28.57 per cent. 23.71 per centam 

Summary.—Very small doses of benzoyl-choline usually caused a 
fall of blood pressure (Exper. 257, 258, 267) being in this respect 
often more active than choline (Exper. 257). Large doses caused a 
rise of pressure (Exper. 214, 236, 257, 258, 270, 282, 284). In eithei 
event, the vagi being intact, there was sometimes a slowing of the 
heart (Exper. 236), this was usually, but not always (Exper. 267), 
slight. Frequently, however, there was an acceleration (Exper. 214, — 
293, 270, 284); this was especially marked if the heart was beating 
slowly. After atropine there was almost always a rise of pressure 
from both large and small doses (Exper. 225, 236, 258, 266); this was ) 
often quite marked, much more so than after choline. The rise of | 
pressure was not prevented by nicotine (Exper. 279, 283, 284). Stiniu-_ 
lation of the depressor overcame the effect of benzoyl-choline (Exper. 
225). Subcutaneous injections had no effect on the blood pressure 
(Exper. 270, 284). , 

4Nothnagel. Archiv der Pharmacie, 1894, 232, p. 267. 
The platinum double salt of benzoyl-choline is very slightly soluble in water and 

is useful for identifying choline, the latter being converted into the benzoyl deriya- 
tive by heating with benzoyl chloride or anhydride; 0.1 mgm. of choline may 
readily be detected in this manner (Hunt and Taveau, Brit. Med. Jour., 1906, ii, 

p. 1788). 
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While as a rule benzoyl-choline after repeated injections (Exper. 
970, 288) or toward the end of an experiment had little effect in 
causing a rise of pressure (thus indicating that its action is on some 
mechanism easily fatigued or injured) it ovcasionally has a marked 

effect under such circumstances (Exper. 258). 
In some experiments the rise of pressure from benzoyl-choline was 

comparable with that caused by members of the epinephrine series; 
in others it was almost inactive when the latter were very active 
(Exper. 281, 282). 

The rise of pressure seemed to be due in part, perhaps largely, to 
a stimulation of the heart; myocardiograms showed a marked increase 
in the extent of systole and a much less increase in diastole. 

The benzoyl-choline made from choline prepared by the ‘‘ methyl- 
iodide process” seemed to havé a more pronounced action in causing 
a slowing of the heart and a fall of pressure (before atropine) (Exper. 
967) and a rise after atropine (Exper. 272, 279), although this differ- 
ence was not constant (Exper. 272, 280). 

\C,H,O(C,H,(NO,)CO) meta 

* M-NITRO-BENZOYL-CHOLINE CHLORIDE. 

Analysis of the platinum salt of this compound gave the following 
results: 

0.2548 om. of the salt gave 0.0542 om. platinum. 
Calculated for: 

(CIN(CH,),C,H,O C,H,(NO,)CO), PtCl, Found 
21.31 per cent platinum. , 21.27 per cent. 

Summary.—The experiments with this compound were not very 
satisfactory; the compound seemed to be rather toxic. The most 
marked effect, after small doses, was a fall of pressure, long continued 
(Exper. 229, 231, 258). Usually there was a slowing of the heart 
(Exper. 229, 232). After section of the vagi the same effect was 
either not obtained (Exper. 231) or only obtained with stronger solu- 
tions (Exper. 258). After atropine still stronger solutions were neces- 
oY (Exper. 258). In one experiment (229), with a rather strong 
solution, the fall was followed by a rise of pressure, and this again by 

a fall with slow, irregular heart. 
Its activity in causing a fall of pressure seemed to be about as great 

as that of benzoyl-choline (Exper. 258) and greater than that of choline 
(Exper. 232). It differed from these in not usually causing a rise of 
pressure after atropine. 
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P-NITRO-BENZOYL-CHOLINE CHLORIDE. ° 

Analysis of the platinum salt gave the following results: 

0.1171 em. of the salt gave 0.0250 gm. platinum. 
Calculated: for: 

(CIN(CH,),C,H,OC,H,(NO,)CO), PtCl, Found 

21.31 per cent platinum. 21.35 per cent, 

Summary.—Weak solutions caused a fall of pressure (Exper. 231, 
232) and slowing of the heart (Exper. 232) or had no effect (Exper. 258), _ 
The fall of pressure and slowing of the heart were abolished by sec- 
tion of the vagi (Exper. 231). After section of the vagi (Exper. 258) 
and still more after atropine (Exper. 231) it was fairly active in caus- 
ing a rise of pressure. | 

The meta compound had a more pronounced tendency to lower the 
blood pressure, the para compound to increase it. The activity of the 
latter was often about the same as that of benzoyl-choline. The 

experiments with this compound were not, however, so very numerous, 

Z(CHs)s 

CNS ,H,0(CH,C,H,CO) 

PHENYL-ACETYL-CHOLINE CHLORIDE. 

Analysis of the platinum salt gave the following result: 

0.1680 gm. of the salt gave 0.0385 gm. platinum. 
Calculated for: 

(CIN(CH,),C,H,O(CH,C,H$CO) ), PtCl, Found 
- 22.87 per cent platinum. 22.91 per cent, 

Summary.—One of the most marked effects of this compound, if 
the vagi were intact, was a slowing of the heart (Exper. 222, 223). 
There was sometimes a rise (Exper. 223), sometimes a fall (Exper. 257), 
sometimes a fall followed by a rise (Exper. 222) of blood pressure. 
The fall was prevented by section of the vagi (Exper. 217, 219, 222) 
or atropine (Exper. 223, 225); it was obviously due to stimulation of 

the cardio-inhibitory center. It was usually much more active in caus- 
ing a rise of pressure than was benzoyl-choline (Exper. 219, 223, 225) 
or phenyl-propionyl-choline (Exper. 222); it was about 20 times as 
active as the former (Exper. 223) and twice as active as the latter 
(Exper. 222). Stimulation of the depressor overcame completely the 
rise of pressure (Exper. 225) caused by phenyl-acetyl-choline. 

Z(CHs)s 

COINS C.H,O(CH,(C,H,)CH,CO) 

« Efforts were made to prepare compounds of choline with benzene sulphonic acid — 
and benzene disulphonie acid chlorides, but they were unsuccessful. 

4 
| 
. 
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{-PHENYL-PROPIONYL-CHOLINE CHLORIDE. 

| Analysis of the platinum salt gave the following result: 

0.1096 om. of the salt gave 0.0243 gm. platinum. 
Calculated for: 

(CIN(CH,),C,H,O(CH,(C,H,)CH,CO), PtCl, Found 
22.14 per cent platinum. 22.17 per cent. 

Summary.—With vagi intact, this compound caused a slowing of 
the heart (Exper. 222, 223, 226, 227) and usually a rise of pressure 
(Exper. 222, 223, 226, 227); occasionally there was a fall of blood 

pressure (Exper. 222, 227), due apparently to the slowing of the heart. 
After section of the vagi (Exper. 218) or the administration of atro- 

pine there was invariably a rise of pressure (Exper. 222, 227). Stimu- 
lation of the depressor overcame the rise of pressure (Exper. 221, 227). 
It was more active in causing a rise of pressure than was benzoyl- 
choline (Exper. 223), but less active than phenyl-acetyl-choline (Exper. 
222, 223). 

A(CHs)s I 
7 No, H,O(C,H,(OCH,)CO) 

ANISYL-CHOLINE CHLORIDE. 

Analysis of the platinum salt: 

0.1395 gm. of the salt gave 0.0305 om. aa 
Calculated for: 

(CIN(CH,),C,H,O(C,H,(OCH, \CO), PtCl, Found 
22.04 per cent platinum. 21.87 per cent. 

Summary.—This compound caused a slowing of the heart (Exper. 
229, 223, 224) and a fall of pressure when the vagi were intact (Exper. 
219, 229, 294). After section of the latter, and sometimes before it 
(Exper. 223), the more usual effect was a rise of pressure (Exper. 220, 
291, 222). Small doses, however, sometimes caused a fall (Exper. 219, 

236) after section of the vagi. After atropine there was a rise (Exper. 
221, 236). There was occasionally a slight acceleration of the heart 
(Exper. 236). The rise of pressure was overcome by acetyl-choline 
(Exper. 220). It was less active than benzoyl-choline (Exper. 219, 
235) in causing arise of pressure. The fall of pressure seemed to 
depend latecly on the cardiac slowing. 

yuZ (CH;), 

CIN 0,H,O(C,H.CH: CHCO) 

CINNAMYL-CHOLINE CHLORIDE. 

Analysis of the platinum salt: 

0.1363 gm. of the salt gave 0.0303 gm. plain: 
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Calculated for: 
(CIN(CH,),C,H,OC,H,;CH: CHCO), PtCl, Found — 

29.24 per cent platinum. 22.23 per cent 

Summary.—This compound caused a fall of pressure both before 
(Exper. 229, 231) and after section of the vagi (Exper. 931, 236) and 
after atropine (Exper. 231, 236). With intact vagi there was a slow- 
ing (Exper. 229) a sometimes an almost complete stoppage of the 
heart (Exper. 236, 257); in other cases there was almost no effect. 
There was no effect on the heart rate after section of vagi. In two 
cases (vagi intact) the fall of pressure was followed by a considerable 

rise (Exper. 236, 257). The compound seemed quite toxic. 

ree: 7 X (cing HO) CoHa(CO): 

PHTHALYL-CHOLINE CHLORIDE. 

The analysis of the platinum salt gave the following result : 

0.1710 om. of the salt gave 0.0446 om. platinum. 

Calculated for: 
(CIN(CH,),C,H,O),C,H,(CO),) PtCl, Found | 

26.12 per cent platinum. 26.08 per cent. 

Summary.—But four experiments were performed with this com- 
pound. Injections of 1 c.c. of 0.1 and 1 per cent solutions had no 
effect on blood pressure or heart rate (Exper. 221); in one case 2 ¢.¢. 
of al per cent solution caused a fall of 18 mm. 

Z(CHs)s Be 
CIN ory, CH,CH,OH 

vy -HOMOCHOLINE. 

TRI-METHYL-OXY-N-PROPYL AMMONIUM CHLORIDE. 

This substance was prepared by the method of Partheil %. 
I. 0.3759 gm. of the platinum salt gave 0.1147 gm. platinum. 

a(Note during proof reading.) Malengreau and Lebailly (Hoppe-Seyler’s Zeit- 
schrift fiir physiolog. Chemie, 1910, 67, p. 35) have recently expressed doubts whether 

the compound prepared by Partheil had the constitution ascribed by himtoit. They 

think the molecular structure was probably altered. Malengreau and Lebailly report 
a new synthesis. The experiments described in the text were completed before the 
appearance of Malengreau and Lebailly’s paper. We have prepared y-homocholine 
by the method described by these writers and have also repeated our experiments 
with the product obtained by the Partheil method. The latter product can be separ 

rated, by means of their platinum salts, into two fractions. One fraction yielded 
platinum salt melting, with decomposition, at 225-226°. This agrees with the melt 

ing point of the y-homocholine obtained by the method of Malengreau and Lebailly 

(227°). The physiological action of this fraction was the same as that of the Malen- 

greau and Lebailly product and as that of the original product as described in the 
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Il. 0.2317 gm. of the platinum salt gave 0.0706 gm. platinum. 
Calculated for: 

(C,H,.NO), PtCl, Found 
1s II. 

30.26 per cent platinum. 30.51 per cent. 30.47 per cent. 

Summary.—This compound caused a fall of blood pressure before 
atropine (Kixper. 269, 270, 271) and a rise (Exper. 269) or no effect 
after it. It was about as active as choline in causing a fall of pres- 
sure (Exper. 269, 270, 271), but was rather less active than this in 
causing a rise after atropine (Exper. 269). It did not in our experi- 
ments cause a rise before atropine as choline sometimes did. It had 
no effect on the heart rate unless the heart was beating slowly. Large 
doses of atropine were necessary to prevent the fall of pressure from 
strong solutions. 

CIN Z(CH 3)3 

~’ \CH,CH,CH,O(CH,CO) 

Analysis of the platinum salt gave the following result: 

0.1661 om. of the salt gave 0.0449 om. platinum. 

Calculated for: 
(C;H,,0,N), PtCl, Found 

26.77 per cent platinum. 27.03 per cent. 

Summary.—This compound was extremely active in causing a fall 
of blood pressure, 1 c.c. of a solution 1 to 1,000,000 being very active 
(Exper. 275, 278); it was about 1,000 times as active as choline (Exper. 
278). It had no effect on the heart rate. The fall of pressure was 

text. It had thesame degree of toxicity for mice. The platinum salt of this fraction 
was, however, very soluble in water, thus differing from the y-homocholine obtained 

by the process of Malengreau and Lebailly. 
The second, more difficultly soluble, fraction of the platinum salt of the Partheil 

product melted, with decomposition, at 250-252°, thus agreeing with the platinum 

salt of 6-homocholine as prepared by the method of Morley and as reported by 

Malengreau and Lebailly (see below). Physiologically, however, this fraction had 

the same effect as did the first fraction; i. e., its effects were those of a y-homocholine 

and not those of 6-homocholine, as will be described later. Its toxicity was also 
approximately that of y-homocholine. 

Both fractions of the Partheil product yielded on treatment with acetic anhydride 
derivatives corresponding in their gold chloride content to the acetyl derivative of a 
tri-methyl-oxypropyl-ammonium chloride. 
Ackermann and Kutscher (Hoppe-Seyler’s Zeitsch., 1908, 56, p. 220) have sug- 

gested that perhaps neosin, a trimethylamine derivative having the formula Q,H,,NO, 
and which they isolated from Liebig’s meat extract and from crab extract, is a 

homocholine. The melting point of the gold salt of neosin (205° to 210°) does not 

correspond to that of either of the homocholines hitherto prepared. Light upon the 
structure of neosin could probably be obtained by testing the effect of its acetyl 

derivative upon the blood pressure. The acetyl derivatives of both of the known 
homocholines are extremely active physiologically. 
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abolished by atropine (Exper. 275), sometimes only after very large 
doses (Exper. 272, 276, 278). 

The fall of pressure was not diminished by nicotine (Exper. 278). 

= Z(CHs), 
CING ; 

CH,CH,CH,O(C,H;CO) 

Analysis of the platinum salt gave the following result: 

I. 0.2373 gm. of the salt gave 0.0543 gm. platinum. 
II. 0.2059 gm. of the salt gave 0.0471 om. platinum. 
Calculated for: Found 
Or = PO Se pe Sale Je its 

22.87 per cent platinum. 22.88 per cent. 22.87 per cent. 

Summary.—This compound was not very active. Before atropine 
it caused a slight fall (Exper. 270) or a slight rise of pressure, or both 
(Exper. 272); after atropine it had no effect (Exper. 271, 272) or 
caused a slight rise. It was much less active than the compound 

j ZACHs), . ° 
CIN CH,CH,CH;OH or benzoyl-choline or choline (Exper. 270). 

CynZ(CHa)s 

\CH,CHOHCH, 

@-HOMOCHOLINE. 

TRIMETHYL-(-OXYPROPYL-AMMONIUM CHLORIDE. 

This compound was prepared by the method described by Morley.” 
I. 0.2054 gm. of the platinum salt contained 0.0623 om. platinum. 

II. 0.1022 om. of salt gave 0.0311 gm. platinum. 

a@Morley: Comptes rend. de Il’ Acad. des scien., 91 p. 333; Ber., 1880, 13, p. 1805, 
Two isomeric homocholines having the structural formulas 

(CHs) (CHs) 
HONS a aad HONS oc 

engl CH,CHOHCH, 

CH, 
2 ae 

respectively, are possible. Morley applied the formula I to the compound prepared 
by himself from isopropylenechlorhydrine (b. p. 128-130°) and trimethylamine. 
In a later paper, however (Jour. Chem. Soc., 1885, 47, p. 133), he states that 
propylene chlorhydrine prepared as was that used in the above synthesis ‘‘consists, 
at any rate for the most part,’’? of CH,CH(OH)CH.Cl.. Hence the £-homocholine 
prepared by Morley’s method consists at least essentially of the compound corre- 
sponding to Formula II. So far as we are aware the compound corresponding to 
Formula I has not been prepared. Malengreau and Lebailly (Hoppe-Seyler’s 
Zeitsch., 1910, 67, p. 35), who evidently overlooked Morley’s paper on the constitu- 
tion of propylene chlorhydrine, state that the compound I was prepared by this 
author and that compound II, for which they give a new synthesis, had not hithe 
been prepared. Morley does not describe the salts of his compound in sufficient 
detail to enable us to determine how closely it corresponded to the compound 
obtained by Malengreau and Lebailly, but from the mode of its synthesis it evidently 



Calculated for : Found 

(O,H,,NO),PtCl, i ¥ Ll. 

30.26 per cent platinum. 30.33 per cent. 30.43 per cent. 

consisted at least for the most part of the same. Our preparation melted (with 
decomposition) at 250-251°, which agrees with the figure (248°) given by these 

writers. 
We have prepared 6-homocholine by the method described by Malengreau and 

Lebailly; the platinum salt of the compound we obtained, however, melted at 265°, 
instead of at 248° as described by these authors. The product had practically the 
same effect upon the blood pressure as did the Morley compound except that in 

some experiments there seemed to be a greater tendency for the fall of blood pressure 
to be succeeded by a rise with the Morley product than with the Malengreau and 
Lebailly product. In these more recent experiments the y-homocholine was about 
ten times as active as the 6 compound and its effects were less readily abolished by 

atropine. ‘ 

0.15 grm. of £-homocholine injected subcutaneously into a dog weighing 6.4 K. 

caused no distinct symptoms; 0.1 grm. of y-homocholine caused some salivation 

and lacrymation. 
Dr. Menge has prepared a “‘ 6-homocholine”’ (or a-methyl-choline) correspond- 

ing to formula I above, starting with allyl chloride, converting this into the chlor- 

hydrine, replacing the chlorine by an acetyl group, introducing chlorine into the 

6 position, and then saponifying the acetyl compound, thus obtaining the chlor- 

hydrine CH,;CHCICH,OH. This, on treating with trimethyl-amine yielded a /- 
homocholine giving a platinum salt melting with decomposition at 253°-254° (i. e., 
near the point of the 6-homocholine corresponding to formula Il). This compound 
had the same effect upon the blood pressure as did the other 6-homocholine; its 
toxicity also was the same. 

This compound formed an acetyl derivative corresponding in physiological and 
toxicological action to similar derivatives of 6-homocholine to be described later, 
except that it was much more active in causing a fall of blood pressure. The 
benzoyl derivative did not differ markedly in physiological or toxicological action 
from the benzoyl derivative of the other 6-homocholine. 0.09 grm. of the acetyl 
derivative injected subcutaneously into a dog weighing 6.4 K. caused prompt 
emesis, defecation, salivation, marked dyspnoea and considerable prostration, fol- 
lowed rapidly by apparent recovery, but death occurred during the night. Death 
occurred in another dog (6.3 K) after 40 hours from 0.03 grm. 0.002 grm. caused 
in a dog of 4.75 K., defecation, some salivation, and slow respiration, but no further 
symptoms. 0.15 grm. of the benzoyl compound injected subcutaneously into a dog 
of 4.9 K. apparently had no effect. 

Dr. Menge also prepared the phenyl-acetyl derivatives of y-homocholine and of 
6-homocholine. Neither of these compounds had a marked effect upon the blood 

pressure. Thus the introduction of the phenyl group into the acetyl group had the 
same effect as in the case of acetyl choline; it diminished theactivity in causing a fall of 
blood pressure. The phenyl-acetyl-y-homocholine had a low degree of toxicity 
(0.5 mgr. per grm. mouse causing no distinct symptoms). 
| In this connection reference may be made to experiments with homoneurine 
chloride. Meyer (Liebig’s Annalen, 1892, 268, p. 150) had already shown that the 
action of this compound is different from that of neurine and that it is less toxic 
than the latter. We found it to be decidedly more active in causing a fall of blood 

pressure than is 6-homocholine; the effect is not easily overcome by atropine. The 
fall was followed by a marked rise of pressure. It was more toxic for mice than was 
6-homocholine; it was about as toxic as y-homocholine. (Fatal dose about 0.2 

mgr. per grm. animal.) 0.09 grm. injected subcutaneously into a dog of 6.32 K. 
eaused vomiting and defecation. 

64552°—11——3 
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Summary.—This compound caused a fall of blood-pressure befor 
atropine (Exper. 269, 270, 271); after atropine it had no effect (Exper, | 
271) or caused a rise (Exper. 269). It seemed to be rather less active | 
than choline in both respects (Exper. 269, 270, 271). 

ornZ CH) 

\CH,CHO(CH,CO)CH, 

Preparation.—The chloride of trimethyl-3-oxypropyl-ammonium 
hydroxide was heated for several hours in a sealed tube with ar 
excess of acetyl chloride at the temperature of boiling water. The 
contents of the tube were filtered through hardened filter paper, the 
excess of acetyl chloride distilled off, the compound precipitated witk 
an alcoholic solution of platinum chloride and recrystallized from hot 

water. 

I. 0.2387 gm. of platinum salt contained 0.0642 gm. platinum. 
Il. 0.2980 gm. of platinum salt contained 0.0802 gm. platinum. 

Calculated for: Found : 

(C,H,,O,N),PtCl, Tt: Lai | 
26.77 per cent platinum. 26.90 per cent. 26.91 per cent, 

Summary.—This compound was very active in causing a fall of 

pressure before atropine, 1 cc. of a solution 1 to 1,000,000, sometimes 

causing a marked fall of pressure (Exper. 271, 272, 278); it was often 
about 1,000 times as active as choline in this respect (Exper. 278). 
The fall of pressure was much diminished, but in some cases was not 
completely prevented by very large doses of atropine (Exper. 271, 
272, 276, 278); it was not diminished by nicotine (Exper. 278). The 
compound had no effect upon the heart rate. 

Cl yA) s 

\CH,CHO(C,H,;CO)CH, 

Preparation.—The chloride of the base was treated with an exces 
of benzoyl chloride in the same manner as in the preparation of tht 

acetyl compound. The contents of the tube were poured slowly in iO 

cold absolute alcohol, filtered through hardened paper on a Buchner 

funnel and precipitated with an absolute alcohol solution of platinum 

chloride. The precipitate was collected on a Buchner funnel, washed 

thoroughly with absolute alcohol, then with ether, dried and boile 

with a considerable volume of water. On cooling the product was 

collected on a Buchner funnel and washed successively with water, 

alcohol, and ether. 

I. 0.1795 gm. of the platinum salt gave 0.0422 gm. platinum. 

II. 0.2201 gm. of the platinum salt gave 0.0519 gm. platinum. 

Calculated for: Found 

(C,,H,,0,N),PtCl, he (i II. | 

22.87 per cent platinum. 23.51 per cent. 23.58 per cent. 
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_ Summary.—This compound caused a fall (Exper. 271), as a rule not 
ery marked, or a fall and a rise (Exper. 272) or simply a rise 
Exper. 277) before atropine. At times the rise was marked (Exper. 
472). In one case there was a slight acceleration of the heart 
Exper. 271). Sometimes there was a slight fall after atropine 
Exper. 271); the more usual effect was a rather marked rise of pres- 
ure (Exper. 272). 

einem 

CH,CHOHCH.C12 

MONO-CHLOR-OXYPROPYL-TRIMETHYL-AMMONIUM CHLORIDE (SEPIN 
_ CHLORIDE). 

Preparation.—W hen trimethylamine and a-dichlorhydrine in excess 
wre heated in a closed vessel at 100° for about six hours, two products 
we formed, the one under discussion and oxy-propylene-hexamethyl- 
liammonium chloride (see later).° ; 
These were separated by means of their gold salts, that of the former 

eing much more soluble in water than that of the latter. 

0.1447 gm. of the gold salt gave 0.0581 gm. gold. 
Calculated for: 

Z(CHs), 

N\CH,CHOHCH,c1 “AUC Fomie 
40.11 per cent gold. 40.15 per cent. 

Summary.—This compound caused a fall of pressure before atropine 
Exper. 269, 270, 287); it was about as active as choline (Exper. 269, 
70). 

Z(CH;)s 

CIN GH,CHO(CH,CO)CH,CI 2 3 2 

Preparation.—This compound was made by boiling the chloride of 
he base for five hours with acetic anhydride. The platinum double 
alt was prepared and recrystallized once from boiling water. 

0.1328 om. of the platinum salt gave 0.0325 gm. platinum. 
Calculated for: | 

yO) PtCl ; ee : Found 
_ 24.45 per cent platinum. 24.47 per cent. 

— Summary.—This compound caused a fall of pressure before atropine 
Exper. 273, 275), the effect diminishing after repeated injections 

—@¥quivalent molecular quantities of tribenzylamine and a-dichlorhydrine, @- 
nonochlorhydrine, propylene chlorhydrine, and ethylene chloride, the last in 100 
yer cent excess were heated for eight hours at 100° in closed vessels without any 

ippreciable amount of addition product resulting. 

bSchmidt and Hartmann, Liebig’s Annalen, 1904, 337, p. 107. 
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(Exper. 273); it seemed to be about asactive as choline. The fall wa 
easily prevented by atropine (Exper. 276). 

A(CHs)s 
\CH,CHO(C,H;CO)CH,Cl 

Preparation.—This compound was prepared by heating the chlo 
ride of the base with an excess of benzoyl chloride for five hours 
100°. The platinum salt was recrystallized once from hot water. 

0.1094 om. of the platinum salt gave 0.0231 gm. platinum. 
Calculated for: 

Z (CH = NZ 

( Se ae 

CIN 

Found 
21.16 per cent platinum. 21.12 per cent. , 

Summary.—This compound caused a fall or a slight rise of pressure 
before atropine (Exper. 275, 287), being about as active in this a 
as choline; there was a very slight rise after atropine. 

aaa ] 
\CH,CHOHCH,OH 

B-y-DIOXYPROPYL-TRI-METHYL-AMMONIUM CHLORIDE? (HOMOISOMUS- 
CARIN, GLYCERYL-TRIMETHY-AMMONIUM CHLORIDE). 

Preparation.—A 33 per cent solution of trimethylamine in alcohol 
was heated with a 20 per cent excess of glycerine a-chlorhydrine for 
several hours in a sealed vessel in boiling water. On opening the 
bottle no odor of trimethylamine was noticeable. The product was 
transferred to a distilling flask and the alcohol distilled off in vacuo. 
Ten c. c. of alcohol were added and again distilled in vacuo; this was 
repeated three times to remove all traces of trimethylamine. A por- 
tion of the product was dissolved in alcohol and precipita with 
alcoholic platinum chloride. 

I. 0.2071 gm. of the platinum salt gave 0.0598 gm. of platinum. 
II. 0.2134 gm. of the platinum salt gave 0.0616 gm. of platinum. 
Calculated for: Found 

(G,H,,0,N),PtCl, i Il. 
28.82 per cent platinum. 28.87 per cent. 28.87 per cent. 

Summary.—This compound caused a fall (Exper. 281, 282, 7. 
290) or a fall and rise (Exper. 277) of pressure before atropine, bei 
about as active in this respect as choline (Exper. 281, 236, 290) 
After atropine it had no effect (Exper. 276, 277, 286, 290). 

2(CH 3)3 iy 

CINS GH,CHO(CH,CO)CH,0(CH,CO) 

a This compound was prepared by Liebreich, Ber., 1869, 2, p. 167; by Meyer, ib 
p. 186; by Scholten, Inaug. Dissert., Bern., 1892; by Schmidt and Hartm 
Liebig’s Annalen, 1904, 337, p. 102. Meyer (ibid., p. 48) showed that it is pr 

ally nontoxic, 
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Preparation.—This compound was prepared by the method of 
Schmidt and Hartmann, viz, by the use of acetic anhydride.@ 

0.2040 gm. of the platinum salt gave 0.0469 gm. pletinum. 
Calculated for: 

(C,.H,,0,N),PtCl, Found 
23.08 per cent platinum. 22.99 per cent. 

Summary.—This compound caused a fall of pressure (Exper. 277, 
981, 282, 286) before atropine, being in this respect somewhat more 

active than choline (Exper. 281, 282). After atropine there was no 
effect (Exper. 276, 277, 286). 

Z(CHs), 

\CH,CHO(C,H;CO)CH,O(C,H,CO) 

Preparation.—This compound was made from the chloride of the 
base and benzoic anhydride according to the method described by 

Schmidt and Hartmann.? 
0.28u2 om. of the platinum salt contained 0.0509 gm. platinum. 
Calculated for: 

(C,.H,,0,N),PtCl, Found 

17.84 per cent platinum. 18.17 per cent. 

Summary.—This compound caused a fall of pressure both before 
(Exper. 277, 280, 286) and after atropine (Exper. 277, 279). It was 
about as active as choline in causing a fall of pressure. 

BZ (C, H,) 3 

\CH,CH,OH 

CIN 

CIN 

TRIETHYL-OXY ETHYL-AMMONIUM CHLORIDE (ETHYL-CHOLINE). 

This substance was prepared by the method of Wirtz.° 
0.1096 gm. of the platinum salt gave 0.0309 gm. platinum. 
Calculated for: 

A(C,Hs), 

\CH,CH,OH oui Found 
27.83 per cent platinum. 28.19 per cent. 

Summary.—This compound usually caused a fall of pressure before 
atropine (Exper. 262, 264, 267, 283); in one case it caused a rise fol- 
lowed by a fall (Exper. 263). It was usually slightly less active than 
choline (Exper. 262, 264, 267, 283). After atropine it usually had no 
effect (Exper. 262, 264, 276) but in one case it caused a fall (Exper. 

@Schmidt and Hartmann found that it was impossible to completely acetylate the 
di-hydroxy compound by treatment with acetyl chloride; our experience was the 

same. 
_ Schmidt and Hartmann, Liebig’s Annalen, 1904, 337, p. 104. 

¢Wiirtz, Liebig’s Annalen, Spl. 7, p. 88. This compound was also prepared and 
described by Stoermer and Prall, Ber., 1897, 30, p. 1509. 
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267), in another a slight rise (Exper. 262), and in another a fall fol. | 
lowed by a rise. ; 

A(C.Hs)s 
CIN OH,CH,O(C,H,CO) 

Preparation.—This compound was prepared by heating dry triethyl. 
oxyethyl-ammonium chloride and benzoy! chloride for three hours in 
a sealed vessel in boiling water. The product was poured into abso- 
lute alcohol and prbornitated by platinic chloride. The precipitate 
was filtered off, washed with alcohol and with ether, dried, and 
reerystallized from water. . 

0.1232 om. of the platinum salt gave 0.0263 gm. platinum. 
Calculated for: 

PtCl (ser CH,O(C,H,CO) J, 7" Foust 
21.46 per cent. 21.35 per cent. 

Summary.—This compound had very little effect upon blood pres- 
sure; it usually caused a slight fall (Exper. 267) before atropine, and 
a fall (Exper. 267) or no effect after atropine (Exper. 276). 

ACLH5)s 
CH,CHOHCH, 

TRI-ETHY L-£/-OXYPROPYL-AMMONIUM CHLORIDE. 

CINS 

Ee ie oe 

Preparation.—This compound was prepared in a way analogous to 
the preparation of the trimethyl compound, triethylamine being sub- 
stituted for trimethylamine. The acetyland benzoyl] derivatives were 
prepared in the same way as were the similar derivatives of the tri- 

methyl compound. 

0.2085 om. of the platinum salt gave 0.0561 gm. platinum. 
Calculated for: : 

(C,H..ON),PtCl, Found — 
26.76 per cent, platinum. 26.91 per me | 

Summary.—This compound caused a slow, prolonged fall of blo 1 
pressure (Exper. 268, 272, 276, 278, 283, 288) and a slowing of the 
heart (Exper. 269). It had no effect (Exper. 271, 272, 276) or caused 
but an insignificant rise (Exper. 269, 283) after atropine. It was 
sometimes about as active as choline (Exper. 269, 272, 276). f 

ZA(C.Hs)s 

\CH,CHO(CH,CO)CH, 

Analysis of the platinum salt gave the following result: 

0.2457 om. of the salt gave 0.0591 gm. platinum. 
Calculated for: 
(CO, B NOW)... Pt, Founda 

23.99 per cent platinum. 24.05 per cen 

CIN 
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h: 3y 
_ Summary.—This compound caused a rather prolonged fall of pres. 

sure (Exper. 272, 276, 288) before atropine and no effect after it 
(Exper. 272, 276). It was not very active, being, perhaps, less active 
than choline in causing a fall of pressure but differing from this in 
that the fall was more prolonged. Two ¢.c. of a 0.7 per cent solution 
injected subcutaneously caused a fall of 20 mm. in a cat weighing 
8.25 k (Exper. 272). 

CynA\O2H)s 

\CH,CHO(C,H,CO)CH, 

Analysis of the platinum salt gave the following result: 

I. 0.2308 gm. of the platinum salt gave 0.0483 gm. platinum. 
Il. 0.3592 om. of the platinum salt gave 0.0754 om. platinum. 
Calculated for: 

(C,,H,,O,N), PtCl, Found 
10 II. 

20.81 per cent platinum. 20.93 per cent. 20.99 per cent. 

Summary.—This compound caused a slow, prolonged fall of pres- 
sure (Exper. 271, 272, 276, 277, 278) before atropine; sometimes there 
was a prolonged slowing of the heart (Exper. 271, 278). After atro- 
pine there was no effect (Exper. 272, 276) or, especially with strong 
solutions (Exper. 271, 278), there was a rise, usually slight, of pressure. 
The fall of pressure often did not differ greatly from that caused by 
choline except that it occurred much more slowly and continued for a 
very much longer time (Exper. 271). 

BZ (C.H5)s IN 
e \CH,CHOHCH,Cl 

MONO-CHLOR-OXYPROPYL-TRIETHYL-AMMONIUM CHLORIDE. 

Preparation.—Triethylamine and «-dichlorhydrine, the latter in 
20 per cent excess (based on equivalent molecular weights), were heated 
in a closed vessel at 100° for about six hours. Two compounds were 
formed; their separation was effected by means of their gold double 
salts, the gold salt of the oxy-propylene-hexaethyl-diammonium chlo- 
ride (see later) being more difficultly soluble in water. The more 
soluble salt (the one under discussion) gave the following results on 
analysis: 

I. 0.3369 gm. of the gold salt gave 0.1252 om. gold. 
Il. 0.1038 gm. of the gold salt gave 0.0385 om. gold. 

Calculated for: , 

T A(C,Hs), AuCl 

~ \CH,CHOHCH,CI : Found 
E bE 

36.95 per cent gold. 37.16 per cent. 37.09 per cent. 
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Summary.—This caused a fall of pressure before atropine (Exper 
269, 276, 278). In one case (Exper. 272) there was a fall of pressure) 
followed by a rather marked rise. Sometimes there was a marked 
slowing of the heart (Exper. 269). It had no effect after atropine 

(Exper. 272, 276, 278), or caused a slight fall of pressure (Exper. 271, 
278). | 

There were no distinct differences between the effects of this com- 

d and th a cine O29 pound and the compound C \CH,CHOHCH, 

ZA(C2Hs)s 

NCH,CHO.(C.E-CO}OrG! 

Preparation.—This compound was prepared by heating the mono- | 
chlor-oxypropyl-triethyl-ammonium chloride with an excess of ben- 
zoyl-chloride at 100° for six hours. The reaction product was poured 
into cold absolute alcohol and treated with alcoholic platinum chloride; 
the yellow gummy precipitate slowly became granular and crystalline |) 
on being rubbed with a stirring rod. The platinum salt was recrys- 
tallized from hot water. @ ' 

0.1067 gm. of the platinum salt gave 0.0207 gm. platinum. 
Calculated for: 

( Cyn ZC) pee 
\CH,CHO (C,H,CO) CH,CI/, 

19.38 per cent platinum. 

CIN 

Found 

. 

ee ee eh gwen 

pt ve) te =) SS @ BS © @ S ot 
PAP. 

Summary.—This compound caused a prolonged fall of pressure | 
before atropine (Exper. 276, 277, 278), being moderately active; it- 
had no effect after atropine (Exper. 276). 1 cc. of a 0.45 per cent 
solution injected subcutaneously caused a fall of 20 mm. in a cat of 
2.72 k. (Exper. 276); in another experiment (278) it had no effect. 

At times it seemed more active than the compound 

CynZ 2s) 

\CH,CHO(C,H;CO)CH 2 6° "5 3 

(Exper. 277). 

(Exper. 276), at others rather less active 

x A(C,Hs;), 

CIN. CH,CHOHCH,OH 

f-y-DIOXYPROPYL-TRIETHYL AMMONIUM CHLORIDE. ; 

Preparation.—This compound was prepared by the method of Bien- 
enthal? from glycerin-a-chlorhydrine and triethylamine. 

I. 0.1110 gm. of the platinum salt contained 0.0284 gm. platinum. | 
Il. 0.1894 gm. of the platinum salt contained 0.0486 gm. platinum 

a The acetyl derivative was prepared in an entirely analogous manner, using, ho 

ever, acetic anhydride. 

6 Bienenthal, Ber., 1901, 33, p. 3500. 
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~ Calculated for: 
(6,H,,0,N), PtCl, Found 

. i Il. 
25.63 per cent platinum. 25.59 per cent. 25.66 per cent. 

Summary.—This caused a slight fall of pressure before atropine 
(Exper.276, 277); in one case (Exper. 290) it caused a slight rise 
After atropine it caused a slight rise or had no effect (Exper. 276, 
977). Comparatively strong solutions (0.5 to 1 per cent) had but 
very slight effect in either case. 

oinZ (C,Hs;), 

\CH,CHO(CH,CO)CH,O(CH,CO) « 

Analysis of the platinum salt gave the following result: 

I. 0.2112 gm. of the salt gave 0.0448 om. platinum. 
II. 0.2122 gm. of the salt gave 0.0450 gm. platinum. 
Calculated for: : 

(C,,H,,O,N), PtCl, Found 
B. 13% 

20.99 per cent platinum. 21.21 per cent. 21.21 per cent. 

Summary.—This compound caused a fall of pressure (Exper. 277, 
281, 286) before atropine. There was no effect after atropine. 
(Exper. 276, 277). Strong solutions (0.93 per cent) were necessary 
to cause any effect. 

A(C_H15)5 

\CH,CHO(C,H,CO)CH,O(C,H;CO) ° 

The platinum salt of this compound is precipitated as a gummy 
product little soluble in hot water. It was heated with water and with 
alcohol; on rubbing in a mortar it became granular. 

I. 0.1038 gm. of the platinum salt gave 0.0173 gm. platinum. 
II. 0.1783 gm. of the platinum salt gave 0.0298 gm. platinum. 

CIN 

Calculated for: Found 
(C,,H,,0,N), PtCl, F ‘1. 

16.56 per cent platinum. 16.67 per cent. 16.71 per cent. 

~ Summary.—This usually caused a slow, rather marked fall of pres- 
sure before atropine (Exper. 277, 280) and sometimes a rather marked 
— 

| @Jt is of interest to note that both the acetyl and benzoyl derivatives of this 

pound were readily obtained by treatment with the acid chlorides, whereas 

with the corresponding trimethyl ‘compound it was necessary to use the anhydrides 

to obtain acylation. 
6 The preparation of the 6-benzoyl-y-acetyl and f-acetyl-y-benzoyl derivatives of 

f-y-dioxy-propy]-tri-ethyl ammonium chloride was attempted, starting from /-ben- 
zoyl and /-acetyl derivatives of 6-oxy-y-chlor-propyl-triethyl ammonium chloride 

(prepared as already described). The latter were dissolved in water, digested with 
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slowing of the heart (Exper. 277). There was little or no effect after 

atropine (Exper. 276, 277). q 

CunZ sil,)s 
\CH,CH,OH 

TRIPRO PYL-OXYETHYL-AMMONIUM CHLORIDE. 

Preparation.—This compound was prepared in a manner analogeam 
to that of the triethyl compound. 

0.1004 gm. of the platinum compound contained 0.0253 gm. platinum, 
Calculated for: ; 

Co Hs Pcl \CH,CH,OH ? Found 
24.85 per cent olcintien. 25.20 per cent. | 

Summary.—This compound caused a fall (not as a rule marked, 
but prolonged) of blood pressure before atropine (Exper. 262, 264, 
268, 275). It caused a fall (Exper. 268), sometimes rather marked 

(ieerien 267), or a slight rise (Exper. 262) or had no effect (Exper. 275) _ 
after atropine. It was rather less active than choline (Exper. 262, 264, 

C, 
268) and about equal to the compound cine Hos (Exper. 264). “ \CH,CH,OH 

AC3Hy)s 
CINCH, CH,0(C,H;CO) 

an excess of moist oxide of silver at ordinary temperature for twenty-four hours, 

the silver oxide filtered off, the filtrate acidified with hydrochloric acid and con- 
centrated to a sirup in vacuo over sulphuric acid. In the oxide of silver treatment 

the odor of triethyl-amine developed. 
The acetyl derivative was then heated to 100° for five hours with an excess of 

benzoyl chloride and the benzoyl derivative was boiled with an excess of acetic 
anhydride for five hours. The cooled reaction products were poured into cold alcohol 

and alcoholic platinie chloride added. On long standing platinum double salts 

were precipitated. 
Analysis of the platinum salt of the product obtained dish the acetic anhydride 

treatment after recrystallizing once from hot water: 

0.1059 gm. salt gave 0.0226 gm. platinum. 

Calculated for: 

A(C.H;)s : 
N PtCl, 18.52 per cent platinum. 
\CH,CHO(C,H;CO)CH,0 (CH;3CQ) /, 

Calculated for: 

H 
ee i ) PtCl, 20.99 per cent platinum. 

\CH,CHO (CH,CO) CH,0 (CH,CO) /. 
Found 

21.34 per cent platinum 

The benzoyl group had evidently been split out at some step in the process. 

Treatment of the acetyl derivatives with benzoyl chloride also failed to yield 

compound containing both the acetyl and benzoyl groups. 
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Preparation.—This compound was prepared by heating dry tri- 
Bropyi- -oxyethyl-ammonium chloride with an excess of benzoyl-chlo- 
ride for three hours at a temperature of 100°.“ A'coholie platinic 
chloride was added to the solution of the reaction product in absolute 

alcohol; there was no precipitate. The product was freed from alcohol 
by distillation in vacuo at a low temperature and excess of ether was 
added; this caused a precipitation of the platinum double salt as a 
sticky gum. The precipitate was washed thoroughly with ether to 
remove benzoic acid. The gummy salt was then thoroughly washed 
with cold water and finally with absolute alcohol; it became granular. 
It was then recrystallized from boiling water and dried at 105°. 

0.1262 gm. of the platinum salt gave 0.0250 om. platinum. 
Calculated for: 

A(C;H,)s Ptcl 
Bon, CH,O(C,H,CO) >" Found 

19.64 per cent platinum. 19.81 per cent. 

Summary.—This compound had very little effect upon the blood 
pressure; there was usually a slight, rather prolonged fall (Exper. 
265, 268) before atropine and nothing (Exper. 268) or a very slight 
rise (Exper. 265, 267) after it. 

A(C3H,), 
Ni CHOHCH, 

TRIPROPYL- p -OXYPROPYL-AMMONIUM CHLORIDE. 

Preparation.—Equimolecular quantities of tripropylamine and pro- 
pylene chlorhydrine were heated for several hours at the temperature 
of boiling water. ‘The reaction product separated as a lower layer of 
liquid; this was pipetted out, dissolved in water, and the aqueous solu- 
tion extracted with ether to remove any free tripropylamine. The 
aqueous solution was evaporated down to a thick sirup, dissolved in 
water, and an aqueous solution of gold chloride added. ‘The resultant 
gold salt was recrystallized from hot absolute alcohol. 

0.1627 gm. of the salt, dried at 110°, gave 0.0596 gm. gold. 
Calculated for: 

ZC, H,), 

NCH,CHOHCH, 8° Found 
36.43 per cent gold. 36.63 per cent. 

Summary.—This compound had almost no effect upon blood pressure 
when injected in doses of 1 ¢. c. of the 0.5 per cent or 1 per cent solu- 
tion. There was sometimes an insignificant rise both before and after 
Be apine (Exper. 271); sometimes a very slight fall (Exper. 274). 

cine sH,)s 
\CH,CHO(CH,CO)CH, 

@ Efforts to prepare the acetyl compound in a similar way were unsuccessful. 
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Preparation.—Some of the gold double salt of tripropyl-6-oxy- 
propyl-ammonium chloride was dissolved in an excess of acetyl 
chloride and heated in a sealed vessel for an hour at the temperature 
of boiling water. The excess of the chloride was removed by evapo- 
ration from the water bath, the residue taken up in acetic ether and 
filtered; the ether was evaporated and the gold salt recrystallized from 
hot absolute alcohol. 

0.0979 om. of the salt gave 0.0334 gm. of gold. 

Calculated for: 

ne! HY). 2 

Ng AuCl, 
CH,CHO(CH,CO)CH, ._ Found 
33.81 per cent gold. 34.12 per cent. , 

Summary.—This compound caused a fall, usually small, of blood- 
pressure before atropine (Exper. 279, 283); it had no effect after it 
(Exper. 278, 283). 

A(C3H,)s CIN 
\ CH,CHO(C,H,CO)CH, 

Preparation.—Tripropyl- f-oxypropyl-ammonium chloride, pre- 
pared by decomposing the gold double salt with hydrogen sulphide, 
was heated with an excess of benzoyl chloride. The compound was 
precipitated by pouring the benzoyl chloride solution into dry ether. 
The product was washed with dry ether, taken up with water and con- 

verted into the platinum double salt by means of aqueous platinic 
chloride. 

0.1347 om. of the salt dried at 110° gave 0.0265 gm. platinum. 
Calculated for: | 

(Sonal ; ) PtCl, 

CH,CHO(C,H;CO)CH,/, Found 
19.10 per cent platinum. | 19.67 per cent. 

Summary.—This compound caused a small, rather prolonged, fall ] 
of blood-pressure before atropine (Exper. 278, 279) and practically no | 
effect after it (Exper. 278, 279). 

ZA(C3H,)s 

COINS CH.CHOHCH.CI 
i) 

MONO-CHLOR-OXYPROPYL-TRIPROPY L-AMMONIUM CHLORIDE. 4) 

Preparation.—Tripropylamine and a@-dichlorhydrine, the latter in _ 
20 per cent excess, based on equimolecular quantities, were heated at _ 
100° for several hours. The reagents are miscible, but after heating _ 

separate into two layers. The upper layer consisted largely of un- 
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hanged tripropylamine, as was determined by an analysis of the 
latinum double salt. The lower layer was removed with a pipette 
nd more a@-dichlorhydrine added to the residual amire and the heat- 
ing continued as before; this was repeated until practically all of the 
amine had been combined. The reaction product was transferred to 
-aseparating funnel and shaken with water, which dissolved it, while 
‘much of the excess of the dichlorhydrine goes to the bottom and 
ean be drawn off. The aqueous solution was evaporated on the 
water bath to a thick sirup; this was then thoroughly washed with 
ether. The product was dissolved in water and precipitated with 
an aqueous solution of gold chloride. The gold double salt was pre- 
cipitated as a sticky mass, which quickly became crystalline. The 
salt was filtered off and recrystallized from boiling alcohol. When a 
sufficient amount of absolute alcohol was employed, most of the salt 
remained in solution; that which separated out on cooling had a 
lemon-yellow color and a gold content corresponding to that de- 
manded by the gold double salt of oxypropylene-hexapropyl-diammo- 
nium chloride. Thus 

I. 0.1025 gm. of the salt dried at 110° gave 0.0396 gm. gold. 
Il. 0.1015 gm. of the salt dried at 110° gave 0.0392 gm. gold. 

Calculated for: 
CH,N(C,H,),AuCl, 

i 

CH,N(C,H,),AuCl, Found | 
I. las 

38.59 per cent gold. 38.64 per cent. 38.62 per cent. 

Only a very small amount of this hexapropyl compound was formed. 
The filtrate from the hexapropyl compound was concentrated; leaf- 

like crystals of gold double salt separated. 

0.1105 om. of the gold salt dried at 110° gave 0.0376 gm. gold. 
Calculated for: 

=(C,H,) | NZ 3°" 7/3 >| 

~CH,CHOHCH,Cl ried Found 
34.26 per cent gold. 34.03 per cent. 

The filtrate from this precipitate yielded, on further concentration, 
more of the salt: 

0.2099 om. of the salt gave 0.0718 gm. gold=34.21 per cent gold. 

a A gram of the gold salt of this compound was boiled in acetic anhydride solution 
for an hour. After precipitation with dry ether and washing with absolute alcohol 

and with ether and allowing to stand in the desiccator, the salt became crystalline; 
the gold content, which was 39.27 per cent, did not correspond to that required by 

an acetyl derivative (37.07 per cent). 
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~ Summary.—This compound when injected in the usual doses (1 ce. 
of 0.1 to 1 per cent solutions) had, in most cases, practically no effect 
upon the blood-pressure (Exper. 271); in one experiment (274), before 
atropine, a strong solution caused a rise and a weak one a fall of 
pressure. 

CynZ Cott) 

\CH,CHO(CH,CO)CH,Cl a 
:' 

Preparation.—The gold salt of mono-chlor-oxypropyl!-tripropyl- 
ammonium chloride was dissolved in acetyl chloride and heated for 
two hours at 100°. The excess of the acid chloride was evaporated 
from the water bath and the sirupy residue taken up with acetic ether 
and filtered. The acetic ether was evaporated and the residue erys-— 
tallized from hot absolute alcohol. The salt was dried at 110°. | 

0.1551 gm. of the salt gave 0.0496 gm. gold. 

Calculated for: 

Z(C3H,)s 
NC AuCl, 

CH,CHO(CH,CO)CH,Cl Found — 

31.93 per cent gold. 31.98 per cent. 

Summary—This frequently caused a very small fall of pressure 
before (Exper. 275, 277) and no effect after atropine (Exper. 275, 278). 

BZ (C,H); 

CIN CH,CHO(C,H,CO)CH,Cl 

Preparation.—This compound was prepared by heating dry mono-— 
chlor-oxypropyl|-tripropyl-ammonium chloride with an excess of ben- | 
zoyl chloride for three hours at 100°. The benzoyl chloride solution 
was poured into dry ether which precipitated the benzoy] derivative in 
agummy condition; this was thoroughly washed with dry ether. The 
platinum double salt was precipitated from the aqueous solution by 
the addition of an aqueous solution of platinum chloride. 

0.1068 gm. of the salt dried at 110° gave 0.0189 gm. platinum. 
Calculated for: 

A(C3H,), 

(x ore renee aoe Found a 
17.89 per cent platinum. 17.70 per cent, 

Summary.—This usually caused a fall of pressure (not very pro- 
nounced but sometimes prolonged) (Exper. 273) before atropine 
(Exper. 274, 275, 279) and no effect (Exper. 279) or a slight rise after 
it (Exper. 273, 274, 275). ' 

cunZ (Cath 
\CH,CHOHCH,OH 
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: B-y-DIOXYPROPYL-TRIPROPYL-AMMONIUM CHLORIDE. 
= 

_ Preparation.—This compound was prepared according to the method 
of Bienenthal,” by heating gly cerine-a-chlorhydrine and tripropylamine 
for six hours in a sealed tube at 140°. After the heating the reac- 
tion product was found in the lower layer of viscous sirupy material, 
while the upper layer consisted largely of unchanged tripropylamine; 
the latter was treated with more @-chlorhydrine and reheated, this 
treatment being repeated until the bulk of the amine had been com 
bined. The sirupy reaction product was dissolved in water, shaken 
out with ether, to remove any free tripropylamine, and precipitated 
with ‘an aqueous solution of gold chloride. The resultant gold double 
salt, as soon as it had become crystalline, was filtered off and washed 
with water, dried on the steam bath, and finally in the desiccator. 
The gold double salt in this condition is impure and quite soluble in 
absolute alcohol. It was dissolved in an excess of acetyl chloride and 
the solution heated for one hour in a closed vessel in boiling water. 
The excess of acid chloride was evaporated, the residual salt taken up 
in acetic ether or acetone, filtered, and the solvent evaporated from the 
water bath. The resultant gold double salt of the di-acetyl derivative 
is difficultly soluble in cold absolute alcohol and forms a sirupy mass. 
By boiling the salt with a convenient amount of absolute alcohol, cool- 
ing, decanting the alcohol and washing the sirupy residue with more 
alcohol, the gold double salt of the diacetyl derivative is obtained pure. 

0.1852 gm. salt dried at 110° gave 0.0573 gm. gold. 
Calculated for: 

A(C;H,), ; 
S\CH,CHO(CH,CO)CH,O(CH,CoO) 424 Hanna 

Au=380.75 per cent gold. 30.94 per cent. 

The sirupy gold double salt of the diacetyl compound was treated 
with hot water and hydrogen sulphide passed into the mixture kept 
hot by boiling water until the salt was completely broken up. The 
filtrate from the gold sulphide was now treated with hydrochloric acid 
and boiled for several hours with a reflux condenser to hydrolyse the 
the diacetyl compound. From this solution gold chloride throws out 
the crystalline gold double salt of the (-y-dioxypropyl-tripropyl 
ee chloride. Analysis of the salt dried at 110°: 0.1609 gm. 
salt gave 0.0565 gm. gold. 

Calculated for: 

AC;H,)s 
\CH,CcHoHCcH,oH 420! rea 

Au=35.39 per cent. 35.11 per cent. 

a, Bienenthal. Ber, 1901, 33, p. 3501. 
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Summary.—The tendency of this compound was to cause a small - 
fall of blood pressure both before and after atropine (Exper. 284, 285, 
286); frequently it had no effect. 

Z (C 3H.,) 3 
] é 

CIN \CH,CHO(CH,CO)CH,O(CH,CO) 

Preparation.—The preparation of this compound was described 
under the preceding compound. 
Summary.—Rather large doses of this compound caused a very 

small fall (Exper. 285, 286) of pressure or a small fall and slight 
rise (Exper. 284) before and the same or no effect after atropine 

(Exper. 284, 286). It was scarcely as active as the compound with- | 
out the acetyl groups (Exper. 286). | 

tie UHEn 
\CH,CHO (C,11,CO)CH,0(C,H,CO) Gaaso 2 Se) 

Preparation.—This compound was prepared by evaporating a solu-— 
tion of dioxypropyl-tripropyl-ammonium chloride to a thick sirup 
and heating this on the water bath with an excess of benzoyl 
chloride. After two hours’ heating the reaction product was pound 
into dry ether which precipitated the compound; this was then well 
washed with more ether. A sample of the material was dissolved in 
water and converted to its platinum double salt by addition of aqueous 
platinic chloride. 

Analysis of the platinum salt dried at 100°: 

0.2680 gm. salt gave 0.0425 gm. platinum. 
Calculated for: 

— i ania es 

Z ZC, H,); ) : 

(x< \CH,CHO (C,H,CO)CH,0(C,H,C0) J, Found 
15.46 per cent platinum. 15.86 per cent. 

Summary.—This compound was very active in causing a sow, 
prolonged fall of pressure both before and after atropine (Exper. 
284, 286). The fall persisted after nicotine and large doses of atro- 
ies (Exper. 284). There was sometimes a marked slowing of t 
heart before nicotine and a slight acceleration after it (Exper. 284). 

1 c.c. of a 1 per cent solution injected subcutaneously into a cat 0} 
3.25 k. had no effect on the blood pressure (Exper. 286). 

A(C5H,1)s 

\CH,CH,OH* 
CIN 

a Efforts to make a similar compound from triisobutylamine and ethylene chi 

hydrine or ethylene bromide were unsuccessful. 
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TRIAMYL-OXYETHYL-AMMONIUM CHLORIDE. 

5 

Preparation.—Kahlbaum’s ‘‘triamylamine” and ethylene chlorhy- 
drine were brought together in monomolecular proportions and heated 

for two or three hours in a sealed vessel in the boiling water bath. 

The reagents are miscible, but at the end of the heating two layers of 
liquid were present. The upper one was found to’consist chiefly of 
unaltered triamylamine while the lower one was composed largely of 
triamyl-oxyethyl-ammonium chloride. The lower layer was pipetted 
out, more chlorhydrine added and the heating continued; this was 
‘repeated until nearly all of the amine was used up. The product was 
transferred to a separating funnel, diluted with a considerable volume 
of water, and thoroughly shaken. The chloride of the quaternary 
base went into solution while there remained a supernatant oily layer 
which was evidently unchanged triamylamine. The aqueous por- 
tion was evaporated on the water bath to a thick sirup; this was 
thoroughly washed with anhydrous ether. The ether deposited a 
small quantity of colorless crystals; it was not determined whether 
these were triamylamine hydrochloride or the chloride of the quater- 
nary base. The sirupy reaction product, after thorough washing 
with dry ether and evaporation of all traces of the latter on the boiling 
water bath, became a crystalline paste on stirring. Some of this 
product was dissolved in water and aqueous platinic chloride solution 
added; a cheesy platinum double salt was thrown down which quickly 
erystallized ‘on rubbing and kneading with a glass rod. 

0.1088 gm. of the platinum salt gave 0.0223 gm. platinum. 
Calculated for: 

/ A(C5Hi,)s P tCl,. 
\CH,CH,OH /, we 

Found 
20.46 per cent platinum. 20.50 per cent. 

Summary.—This compound usually caused a very small fall of 

pressure before (Exper. 262, 264, 267) and a very slight rise or 
nothing after atropine (Exper. 262, 267). It was far less active than 

choline (Exper. 262). 

A(C5Hy1)s 
CIN GH,CH,O(CH,CO) 

Preparation.—This compound was prepared by heating triamyl- 

oxyethyl-ammonium chloride with an excess of acetyl chloride in a 

sealed vessel for three hours in boiling water. The product was trans- 

ferred to an evaporating dish and the excess of acid chloride evapo- 

rated on the water bath at a low temperature. The product was then 

thoroughly washed with dry ether, dissolved in water, and aqueous 

64552°—11——4 
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platinic chloride solution added. A gummy red platinum double 

salt was precipitated. This was washed thoroughly with water and 
kept for some time in a vacuum desiccator. It slowly became brittle 
and granular; it was somewhat hygroscopic. 

I. 0.1585 gm. of the salt gave 0.0300 gm. of platinum. 
II. 0.1189 gm. of the salt gave 0.0233 gm. of platinum. 
Calculated for: 

Z(G; H,,)s 

Fe cs a VB, 
Found 

di; Ik: 4 

19.55 per cent platinum. 19.54 per cent. 19.60 per cent. — 

Summary. —This usually caused a slight fall (Exper. 268, 269), or a 
slight rise (Exper 264) of blood pressure before and nothing (Exper. — 
268) ora very slight rise (Exper. 269) after atropine. Its activity was — 

: 2(C,H,,) t very different from that of the a cinZCsHi)s not very different from that o compoun \CH,CH, OH 

ACC) INZ 
v \CH,CH,(C,H,;CO) 

Preparation.—Triamyl-oxyethyl-ammonium chloride was heated 
with an excess of benzoyl-chloride for three: hours at 100°. The 
reaction product was poured into an excess of aqueous platinic chloride | 
contained in a separatory funnel, ether was added, and the whole shaken. | 
The platinum double salt was thrown out as a red gum adhering to the 
walls of the funnel. The liquid was removed and the salt shaken first 
with water, in which it was practically insoluble, then with alcohol, in 
which it is but slightly soluble, and finally with ether. The salt was 
then dissolved in a little chloroform, in which it dissolved readily. — 
After evaporation of the chloroform there remained a red sticky gum 
which, after thoroughly drying in the vacuum desiccator and rubbing | 
for a inne time with a glass rod, finally became granular. 

0.1296 gm. of the salt (dried for three hours at 115°-120°) gave 

0.0217 gm. of platinum. 
Calculated for: i 

(Sr sH1)s ) Pl, 7 
\CH,CH,O0(C,H,CO) : 

16.79 per cent platinum. 16.74 per cent. 

Summary.—This compound caused a slow and prolonged fall o 
pressure both before and after atropine (Exper. 265, 266, 267, 26 
269); the fall seemed to be diminished by large doses of atropi 
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(Exper. 269, 271). The heart was sometimes slowed (Exper. 265, 267). 
The compound was rather toxic, 1 cc. of a 0.93 per cent solution 
causing death in two cases. 

AC5H,4,)s 
\CH,CH,OH 

The fall of pressure seemed to be due to a direct action of the drug 
upon the heart; the myocardiograph showed a diminution of both 
systole and diastole. 

It was much more active than the compound CIN 

Z(C.H,,)s 

CIN\ CH,CHOHCH, 

TRIAMYL- B -OXYPROPYL-AMMONIUM CHLORIDE. 

Preparation.—This compound was prepared in the same way as the 
tripropyl compound. The gold double salt was precipitated in a 
gummy condition, but after washing and drying became crystalline. 

0.1344 gm. of the salt dried at 110° gave 0.0423 gm. gold. 
Calculated for: 

AC5H,1)s | 

Ble Gaonon, )AuCl, 
Found 

31.54 per cent gold. 31.47 per cent. 

Summary.—This compound caused a slow and prolonged fall of 
pressure both before and after atropine (Exper. 270, 271, 273); rather 
large doses were necessary. Occasionally, after atropine, a weak solu- 
tion caused a slight rise (Exper. 271). There was sometimes a slowing 
of the heart (Exper. 270). 

A(C5H,1)s CIN 
\CH,CHO(CH,CO)CH, 

Preparation.—The gold salt of tri-amyl-$-oxypropyl-ammonium 
chloride is soluble in acetyl chloride, but was not acetylated after heat- 
ing for an hour at 100° with an excess of the reagent. The acetyl 
derivative was therefore prepared by heating the dry chloride of the 
base for two hours at 100° with an excess of acetyl chloride; the excess 
of acetyl chloride was evaporated and the residual sirupy mass thor- 
oughly washed with dry ether and dissolved in water. Aqueous gold 
chloride precipitated a sticky gold double salt which crystallized on 
stirring. The salt was recrystallized from a small amount of absclute 
alcohol and dried at 110°. 

0.0810 gm. of the salt gave 0.0240 gm. gold. 

Calculated for: 

: A(C;H,,)s 

~ NCH,CHO(CH,CO)CH, Found 

| 29.55 per cent gold. 29.63 per cent. 

: 

AuCl, 
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Summary.—This compound had very little action on the blood pres 
sure (Exper. 280); sometimes a slight but prolonged fall (Exper. 989, 
288), sometimes a slight rise (Exper. 281, 282) resulted from rather 

large doses before atropine; after atropine there was a slight rise 
(Exper. 288). 

The action did not differ markedly from that of the compound with- 
out the acetyl group. | 

cinZ A(C5Hy,)s 
\CH,CHO(C,H;CO)CH, 

Preparation.—This compound was prepared in a manner analogous 
to that of the acetyl derivative. The platinum double salt was ob- — 
tained as a soft gummy material and in an impure condition. Owing 
to the small amount of material available further purification was not 
attempted. | | 

0.1862 om. of the salt, dried at 110°, gave 0.0329 gm. platinum. 
Calculated for: 

Cae ee ) PtCl, : ) 
CH-CHOIG- E-CO}CH. Found 4 

16.40 per cent platinum. 17.67 per cent. | 

Summary.—We had but one satisfactory experiment (Exper. 282) 
with this compound and that with an impure preparation; in this 1 
c. c. of a solution 1 to 1,000 caused a marked, long-continued fall of 
pressure (no atropine had been given). It scened to be much more 
active than the acetyl derivative. 2 

ACsHi1)s 
CIN oa, CHOHCH,Cl 

MONO-CHLOR-OXY PROPYL-TRIAMYL-AMMONIUM CHLORIDE. 

together in equimolecular proportions and heated in a sealed bottle in 
boiling water for three hours. The liquid mixture, which was at first 
homogeneous, separated into two layers after heating for about an 
hour and a half. The upper layer consisted largely of triamylamine | 

pared from it. The vessel was allowed to cool and the lower layer 
removed; more a-dichlorhydrine was added and the heating continued 
as before. This was repeated until all of the triamylamine had 
disappeared. 

desiccator; crystals of triamylamine hydrochloride separated out 



a) 

The solution of the reaction product was then treated with an excess 
of aqueous gold chloride; the resultant plastic precipitate of the gold 

double salt was rubbed into a ball with a stirring rod and the residual 
aqueous liquid decanted. The mass of salt was washed with water 

several times and then dried in the vacuum desiccator. It was then 
dissolved in chloroform in a large flask, dry ether was added with 
shaking until needle crystals of a gold salt began to separate out; 
more ether was carefully added until after the precipitation of a con- 
siderable quantity of the needle crystals an oily gold double salt began 
to appear. The needle crystals were now filtered off and an excess of 
ether added to the filtrate when a large quantity of the oily gold salt 
separated out. The oily salt, together with some of the crystalline 
salt, was transferred to a separatory funnel and the oily salt drawn off. 
The needles proved to be the gold double salt of triamylamine hydro- 
chloride. The oily salt, on being dried at 105°, formed a thick semi- 

crystalline mass. A specimen dried at 110° gave the following results 
for gold: 

I. 0.2178 gm. gave 0.0645 gm. gold. 
If. 0.3252 gm. gave 0.0959 gm. gold. 
Calculated for: 
A(C;H,,)s Found 

N\cH,CHOHCH,C! “°C! i I. 
29.89 per cent gold. 29.61 per cent. 29.49 per cent. 

The chloride of the base was freed from the gold salt by dissolving 
the latter in glacial acetic acid and passing hydrogen sulphide through 
the solution; the gold sulphide was filtered off and thoroughly washed 
with hot absolute alcohol. The filtrate was subjected to distillation, 

under diminished pressure, from the boiling water bath to remove the 
acetic acid and alcohol. The chloride of the base remained in the flask 
as an extremely viscous sirupy residue. 

No oxypropylene-hexaamyl-diammonium chloride could be found 
among the reaction products of triamylamine and a-dichlorhydrine. 
Summary.—This compound caused a small fall of blood pressure 

both before and after atropine (Exper. 269, 270, 271, 273). The heart 

was sometimes slowed before atropine (Exper. 270). No distinct dif- 
ference was observed between the action of this compound and the one 

without the chlorine. 

CINZ (C5H41)s 

| \CH,CHO(CH,CO)CH,Cl 

Preparation.—Some of the gold salt of the mono-chlor-oxypropy!l- 
triamyl-ammonium chloride was heated in a sealed vessel in boiling 
water for two hours with an excess of acetyl chloride. The excess of 
acid chloride was evaporated on the water bath, the residual sirupy 
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product taken up with acetic ether, filtered and precipitated from t 
acetic ether solution by dry ether as a dark brown sirup that crystallized 
onstirring. When the precipitation with ether was conducted slowly 
crystalline product was obtained at once. The crystalline material 
was filtered off, washed with dry ether and recrystallized from a rather 
small volume of boiling absolute alcohol; after washing with a little 
absolute alcohol and with ether and drying at 105° the gold content 
was determined. 

I. 0.1833 gm. of the salt gave 0.0519 gm. of gold. 
II. 0.2626 gm. of the salt gave 0.0753 om. of gold. 

Calculated for: 
ACSH,,)s AuCl Found 

\CH,CHO(CH,CO)CH,CI : if II. 
28.10 per cent gold. 28.31 per cent. 28.26 per cent. 

Summary.—This compound sometimes caused a slow, prolonged 
fall (Exper. 278, 288), sometimes a rise (Exper. 273) of blood pressure; 
after atropine it caused a slight but rather prolonged rise of pres- 
sure (Exper. 272, 283). The heart was sometimes slowed somewhat 
(Exper. 288). Subcutaneous injections sometimes caused a slight fall 
(Exper. 288). 

It seemed at times to be slightly more active than the compound 

Z(CsH,1)s Z . 283). PS OH CHOICH,COWCHS Caer ae 
Cyn (CsHu)s 

\CH,CHO(C,H,CO)CH,Cl 
Preparation.—The mono-chlor-oxypropy]-triamyl ammonium chlo- 

ride was benzoated with benzoyl chloride and the reaction product, 
when cold, was poured into dry ether and allowed to stand until the 
ether had become nearly clear. The ether was poured off, and the 
sirupy benzoyl product washed several times with dry ether. It was 
then taken up with water, filtered, and aqueous gold chloride added to 
the filtrate. The resultant sticky precipitate of the gold double salt 
was boiled with sufficient absolute alcohol to completely dissolve ib; 
when the solution cooled, the salt fell out again as a sticky mass. 
The salt was finally washed with ether and dried at 110° for analysis. 

0.1059 gm. of the salt gave 0.0275 gm. gold. 
Calculated for: 

AC 5Hy,)s 1 
\CH,CHO(G,H,CO)cH, cl 88" 

25.82 per cent gold. 25.97 per cent, 

Summary.—This compound usually caused a slow, long contin 
fall (Exper. 273, 281, 282), sometimes a rise followed by a fall (Ex 
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a) 

973, 275) of pressure; atropine did not seem to influence the result 
(Exper. 275, 281). The heart was sometimes slowed (Exper. 273). 

The injection of this compound seemed to prevent a rise of pressure 
from adrenalin (Exper. 282). 

It was more active than the compound without the benzoyl group 
(Exper. 273) or the compound without chlorine. 

onZ ZAC,H,)s 
\CH,CHOHCH,OH 

§-y-dioxypropy]-triamyl-ammonium chloride.? 

This substance was obtained in the same manner as was the corre- 
sponding tripropy! derivative. Here as before the upper layer con- 
sisted of unchanged amine, and the lower contained the reaction 
product. Thus: 0.2114 gm. of platinum double salt got from the 
upper layer gave, on drying at 110° and igniting, 0.0472 gm. plati- 
num = 22.33 per cent platinum. Calculated for (N(C;H,,),HC1), PtCl,: 
Pt=22.54 per cent. The lower layer of viscous liquid material was 
dissolved in water and extracted with ether for the removal of any 
free triamylamine. Aqueous gold chloride was now added to the solu- 
tion, precipitating a mass of sticky gold double salt. The gold double 
salt thus obtained is impure, being contaminated with the gold double 
salt of triamylamine hydrochloride, this substance evidently resulting 
in the reaction. The mass of salt was washed thoroughly with water 
by decantation, dried in the vacuum desiccator or on the water bath, 
taken up in a convenient amount of chloroform and dry ether 
cautiously added. A crystalline gold double salt is first precipi- 
tated; 0.1699 om. of this, dried at 110°, gave on ignition (0.0580 gm. 
gold = 34.14 per cent gold. This was evidently the gold double salt 
of triamylamine for which Au=34.76 per cent. Further addition of 
ether caused the precipitation of an oily gold double salt; all crystal- 
line salt was therefore filtered off and the filtrate treated with more 
ether for precipitation of the sirupy salt. Analysis of the sirupy salt 
dried at 110°: 

0.1447 gm. salt gave 0.0450 gm. gold. 
Calculated for: 

ce ve 
\CH,CHOHCH,OH ; Found 

30.75 per cent gold. 31.10 per cent. 

a aon ea an analogous diamy! compound: 

( Hon a by heating diamylamine and a-monochlorhydrine 
CH,CHOHCH,OH 

or a-dichlorhydrine resulted only in the formation of diamylamine hydrochloride. 
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The above product was also obtained by heating triamylamine wit 0 | 
a large excess of the chlorhydrine, ten times the calculated quantity, — 
in a sealed test tube in the boiling water bath for several days or until 
the layer of amine had practically disappeared. The impure gold 
double salt was washed with water and decomposed by means of 
hydrogen sulphide. The filtrate from the gold sulphide was freed 
from hydrogen sulphide by evaporation on the water bath and aqueous 
cadmium chloride added to the solution, precipitating a thick sirupy 
cadmium double salt. The salt was washed with warm water, in which © 
it is difficultly soluble, and decomposed with hydrogen sulphide. The 
filtrate from the cadmium sulphide yielded on evaporation a thick 
straw-colored sirupy product that gave a sirup-like gold double salt, 
having a gold content corresponding to that required for dioxy-propyl- 
tri-amyl-ammonium chloride. Analysis of the salt dried at 110°: 

I, 0.2597 gm. salt gave 0.0798 om. gold. 
II. 0.2286 gm. salt gave 0.0701 gm. gold. 
Calculated for: 

A(C5H1)s ad AuCl Found N<CH,CHOHCH,OH “°°! Lo 
30.75 per cent. gold. 30.73 per cent. 30.66 per cent. 

Summary.—This compound sometimes caused a fall (Exper. 289), 
sometimes a rise (Exper. 289, 290) of blood pressure both before and 
after atropine (Exper. 290). 

CywA Css 

\CH,CHO(CH,CO)CH,O(CH,CO) ¢ 

Preparation.—Acetylation of £-y-dioxypropy] triamyl-ammonium 
chloride did not occur when this compound was heated for several 
hours in a sealed tube in boiling water with an excess of acetyl chlo- 
ride. The acetyl product was prepared by boiling the chloride of the 
base for an hour with an excess of acetic anhydride. ‘The reaction 
product was dissolved in water, shaken with ether, and the aqueous 
solution precipitated by an aqueous gold chloride solution; the double 
salt was precipitated in the form of a sirup which gradually became 
crystalline. : 

a4 Efforts to obtain a dibenzoyl product by heating the chloride of the base for 
three hours in the boiling water bath with an excess of benzoyl chloride were unsuc- 
cessful. The benzoyl product was prepared by heating the chloride of the base for 
six hours at 160° with an excess of benzoic anhydride, treating the product with 

ether and water and precipitating the aqueous solution with aqueous gold chloride 
solution. But little material was available and the physiological experiments were | 

not very satisfactory; it was about four times as toxic as the chloride of the base. 
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0.2371 em. of the salt dried at 110° gave 0.0649 gm. gold. 
~ Calculated for: 

. A(CsH,,)s Y 

NS CH,CHO(CH,CO)CH,O(CH,( 10) selaorh. Found 
27.18 per cent gold. . 27.37 per cent. 

Summary.—This compound caused a slow, prolonged fall of blood 
pressure both before (Exper. 289, 290) and after atropine (Exper. 
290). 

It was somewhat more active than the compound without the acetyl 
rroup. 

CIN—C,H,, (iso) 
\CH,CH,OH 

DIMETHYL-ISOAMYL-OXYETHYL-AMMONIUM CHLORIDE. 

Preparation.—Dimethyl-ethyl-alkine and isoamyl-iodide, the latter 
nm slight excess, were brought together in a small flask and boiled, 
ising a reflux condenser. When the liquid appeared to be homogeneous 
she excess of iodide was evaporated on the water bath; the product 
rystallized to a solid cake on standing in the desiccator for some time. 
[he product was dissolved in water and digested with an excess of 
silver chloride and filtered. The filtrate was evaporated to sirupy 
sonsistency and a portion dissolved in alcohol and its platinum double 
alt prepared by the addition of platinic chloride in alcohol. The pre- 
ipitated platinum salt, after recrystallizing once from water and dry- 
ng at 105°, gave the following figures for platinum: 

I. 0.1723 gm. salt gave 0.0462 gm. platinum. 
Il. 0.1058 om. salt gave 0.0284 gm. platinum. 
Calculated for. 

mm A(CH,) 
Gh ) PtCl, Found 

\ \CH,CH,OH’, \' sag 
26.76 per cent platium. 26.81 per cent. 26.84 per cent. 

— Summary.—This compound usually caused a fall of pressure (Exper. 
162, 264, 268) but sometimes a rise (Exper. 264) before atropine and 
10 effect after atropine (Exper. 262, 264, 267, 268). 

It was about as active as choline in causing a fall of pressure (Exper. 
162, 268) but less active than this in causing a rise (Exper. 264, 267, 268). 
It was far more active than the tri-amyl compound. 

CH 
oZGH® 

\CH,CH,O(CH,CO) 
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Preparation.—This compound was made by boiling the dimethy 
isoamyl-oxyethyl ammonium chloride with acetic anhydride for thre 
hours. The platinum salt, which was difficultly soluble, was recry 
tallized from boiling water. 

0.1144 of the salt gave 0.0275 om. platinum. 
Calculated for: 

n703 (Cid) | (xZc ) PtCl, 7 
NCH, CH 2O(CH,CO) Found — 
23.99 per cent platinum. 24.04 per cent. 

Summary.—Sometimes this compound caused a fall (Exper. 268), 
sometimes a rise or a fall followed by a rise of pressure (Exper. 263, 
264) before atropine; it had very little effect after atropine (Exper. 
264, 268). It sometimes caused a slowing of the heart. (Exper. 264.) ) 

It was more active than the triamyl compound or the acetyl deriva-)) 
tive of the triamyl compound (Exper. 264, 268) or the compound) 

WA (CH;), 
CIN. EL. (Exper. 268). It was often about as active as 

\CH, CH,OH 
choline in causing a fall of pressure (Exper. 264). 

(CHs), 
cInZC.H 

\ CH, CH 2O(C,H,;CO) 

Preparation.—This compound was prepared by heating dimethyl- 
isoamyl-oxvethyl ammonium chloride with benzoyl chloride for three 
hours at 100°. The platinum salt was dried at 105° 

0.1722 om. of the platinum salt gave 0.0357 om. of platinum. 
Calculated for: 

(x: CHs)2 
N—C,Hi,, PtCl, 

\\CH,CH,0(C,H,CO)/, Found 
20.81 per cent platinum. 20.73 per cent. 

Summary.—The effect of this compound was very variable; some- 
times it caused a fall, sometimes a rise both before and after atropine 

(Exper. 267, 268, 269, 280). It sometimes caused a slowing of the 
heart before atropine (Exper. 269). f 

In some cases it was about as active as the benzoyl derivative of t 
triamyl compound in causing a fall of pressure (Exper. 267). 

It partook of the activities of choline, benzoyl-choline, and the 
triamyl compounds. 

a eae ee D2 

(CHs), WZ 
ss CH,CH,OH 
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DIMETHYL-ETHYL-ALKINE HYDROCHLORIDE (OXYETHYL-DIMETHYLAMINE 

HYDROCHLORIDE). 

Preparation.—This compound was prepared by the method of 
Ladenburg? from ethylene chlorhydrine and dimethylamine. 
Summary.—This compound when injected in doses of 1 ec. of the 1 

per cent solution had no effect upon the blood pressure either before 
or after atropine (Exper. 267). 

cincCls 
\(CH,CH,OH), 

IOXYETHYL - DIMETHYL-AMMONIUM CHLORIDE. 

Preparation.—Dimethy]-ethyl-alkine was prepared by the method of 
Ladenburg ? and this compound was further treated by the method of 
Knorr? (heating with chlorhydrine) to obtain the dioxyethyl-dimethyl- 
ammonium chloride. 

I. 0.1315 gm. of the platinum salt gave 0.0377 gm. platinum. 
II. 0.1337 gm. of the platinum salt gave 0.0380 gm. platinum. 
Calculated for: 

Z\CHS), ; 
Con CH,On),),. Found 

I. II. 
_ 28.83 per cent platinum. 28.67 per cent. 28.42 per cent. 

Summary.—This compound had but little effect upon blood pres- 
sure; before atropine it caused a small fall (Exper. 278, 281, 282) or 
rise (Exper. 279); after atropine it had no effect or caused a slight 
rise of pressure (Exper. 278, 279). 

It was less active than choline in causing a fall (Exper. 278, 281), 
but sometimes more active than this in causing a rise of pressure 
(Exper. 278). 

‘ (CHs), 

CINCH CH,O(CH,CO)), 

Preparation.—This compound was prepared by boiling dioxyethy]- 
dimethy]-ammonium chloride for three hours with an excess of acetic 
anhydride; the reaction product was poured into strong alcohol and 
precipitated by the addition of alcoholic platinic chloride. The double 
salt when first precipitated was in the form of a sirup, but it slowly 
crystallized when rubbed with a stirring rod. The platinum salt was 
filtered, washed with alcohol, and dissolved in a small quantity of 
water, in which it is extremely soluble. The aqueous solution was 
then poured into a considerable volume of strong alcohol to again pre- 
cipitate the salt. 
| 

a4 Ladenburg, Ber. 1881, 14, p. 2408: 6 Knorr, Ber. 1889, 22, p. 2089. 
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0.1361 gm. of the salt gave 0.0316 em. of platinum. 
Calculated for: 

CH). 
nA): ) Ptcl 
( “\(CH,CH,O(CH,CO)),/, i Found i. 

23.08 per cent platinum. 23.22 per cent, & 

Summary.—This compound was very active in causing a fall ¢ 
pressure before atropine (Exper. 279, 281, 282, 286) and also afte 

nicotine (Exper. 279, 281); it had no effect after atropine (Exper. 279, § 
281, 286). It caused some irregularity of the heart before atropine. 

It was far more active (perhaps 1,000 times) than the compound 
without the acetyl groups (Exper. 279, 281, 282) and choline (Exper, 
281). | 

eM ACHE, 

CIN CH,CH,O(CH,CO), 
Preparation.—This compound was obtained by heating dioxyethyl © 

dimethyl-ammonium chloride with an excess of benzoyl-chloride for 
several hours at 100°.. The platinum double salt is difficultly soluble 
in hot water, insoluble in cold water, and was purified by boiling with 
a large volume of water. 

I. 0.1006 gm. of the platinum salt gave 0.0188 gm. platinum. 
II. 0.1301 gm. of the platinum salt gave 0.0244 om. platinum 
Calculated for: 

ACH). PtCl, Found NE “\(CH,CH,O(C,H,CO))./.2 i, Ii; 

18.95 per cent platinum. 18.69 per cent. 18.75 per cent. | 

Summary.—VThis compound had little effect upon the blood pressure; | 
it tended to cause a rise (Exper. 279, 280, 284), but in one case (after 
atropine) a strong solution caused a small fall (Exper. 284) of blood 
pressure. 

It was much less active than benzoyl-choline (Exper. 280, 284.) 

CH,N(CH,),Cl 

JHOH 

bH,N(CH,),Cl 

OXYPROPYLENE-HEXAMETHYL-DIAMMONIUM CHLORIDE (APOSEPIN 

CHLORIDE). 

Preparation.—This compound was prepared according to the metho 
described under mono-chlor-oxypropyl-trimethyl-ammonium chloride 

I. 0.1418 gm. of the platinum salt contained 0.0471 gm. platinum 
Il. 0.1514 gm. of the platinum salt contained 0.0503 gm. platinum 
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Calculated for: 

JH,N(CH,),C1 

SH(OH) Found 

H,N(CH,),Cl I. II. 
33.37 per cent platinum. 33.22 per cent. 33.22 per cent. 

Summary.—This compound caused a slight fall of pressure before 
utropine (Exper. 283, 284); after atropine it had no effect (Exper. 
83, 284). It was less active than choline (Exper. 283, 284). 

CH,N(CH,),Cl 

CHO(CH,CO) 

CH,N(CH,),Cl 

_Preparation.—This compound was prepared by boiling oxy-propy- 
ene-hexamethyl-diammonium chloride with an excess of acetic 
mbhydride for several hours. The reaction product was poured into 
sold absolute alcohol, precipitated with alcoholic platinic chloride, 
iltered, dried, boiled with water, cooled, filtered, washed with water 
und with alcohol, and dried at 105°. 

0.1049 om. of the platinum salt yielded 0.0327 om. platinum. 
Calculated for: 

CH,N(CH,),Cl 

CHO) eet." 

CH,N (CH,),Cl Found 
31.13 per cent platinum. 31.17 per cent. 

Summary.—This compound was fairly active in causing a fall of 
pressure before atropine (Exper. 283, 284); occasionally the fall was 
followed by a slight rise (Exper. 282, 284). It had no effect (Exper. 
284) or caused a slight fall after atropine (Exper. 283). It was per- 
haps 15 times as active as the compound without the acetyl group. 

It was rather more active than choline in causing a fall (Exper. 283). 

CH,N(CH).CI 

CHO(C,H,CO) 

CH,N(CH,),Cl 

_ Preparation.—Benzoy| chloride had no effect on oxypropylene-hexa- 
ethyl-diammonium chloride when heated with it for six hours at 100°. 

[wo grams of the chloride of the base were then heated for about six 
aours with 10 grams of benzoic acid anhydride at a temperature of 180° 
30 190°. When cool the reaction product was poured into alcohol and 
orecipitated with alcoholic platinic chloride; the flocculent precipitate 
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was filtered off and washed with alcohol; it darkened and became 

gummy. ‘Treated with water it softened to a dark, plastic mass, which 
became granular when transferred to alcohol. A sample was dried 9 
at 105° for an hour and the platinum determined. i | 

0.1148 gm. of the platinum salt gave 0.0339 gm. platinum. 
Calculated for: 

reat (CH,),Cl ; 

CHO(C,H,;CO) . PtCl, 

dun (CH,),Cl Found 
29.53 per cent platinum. 29.53 per cent. |) 

Summary.—This compound caused a rather marked rise of pressure , 
(Exper. 282, 283, 284), but sometimes, especially in weak solutions or 
late in an experiment or after nicotine a slight fall (Exper. 283, 284); 
there seemed to be no effect after atropine (Exper. 283). 

In most cases it was as active as or more active than benzoyl- choline 

less effect on the heart rate does 283, 984). ie one experiment 
(283) it caused a rather marked rise before nicotine, a fall after nico- 
tine and no effect after atropine. In another (284) it caused first a )), 
rise, later a fall followed by a rise, and, after nicotine, only a slight 

_ fall, 
CH,N(C,H,),Cl 

CHOH 
| 
CH,N(C,H,),Cl 

OXYPROPYLENE-HEXA-ETHYL-DI-AMMONIUM CHLORIDE. 

The preparation of this compound was described under that of mono- 
chlor-oxypropyl-triethyl-ammonium chloride. 

I. 0.2143 gm. of the gold salt contained 0.0900 gm. gold. 
II. 0.1793 gm. of the gold salt contained 0.0753 gm. gold. 
Calculated for: 

CH,N(C,H;),AuCl, 

eet Found — 

CH,N(C,H;),AuCl, EL Iki 
42.03 per cent gold. 41.96 per cent. 42.00 per cent. 

Summary.—This compound tended to cause a fall of pressure both | 
before (Exper. 283, 284) and after atropine (Exper. 283). In one ex- 
periment (282) it caused a rise before atropine (blood pressure very — 
low). 
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It was less active than choline (Exper. 283, 284) or the compound 
1H,N(CH,),Cl 
| 

JHOH. (Exper. 283). 

H,N(CH,),C1 
CH,N(C,H,),C1 

bHO(CH gCO) 

H,N(C,H,),Cl 

This compound was obtained by boiling the chloride of the base for 
ix hours with an excess of acetic anhydride. 

0.1405 om. of the platinum salt gave 0.0386 gm. platinum. 
Calculated for: 

JH,N(C,Hs)s 
YHO(CH,CO) . PtCl, 

JH,N(C,H;)s Found 
27.44 per cent platinum. 27.47 per cent. 

Summary.—This compound caused a very slight fall of pressure 
efore atropine (Exper. 283) or had no effect (Exper. 284); it was far 
ass active in this respect than the hexa-methyl compound (Exper. 
83) and less active than the compound without the acetyl group. 
\fter atropine it caused a very slight rise of pressure (Exper. 284). 

A(CH,), 
CIN 

cHt,-C—C/"\ cou 

OH O\,/COH 
H 

Preparation.—Chloracetopyrocatechin, prepared by the method of 
\zierzgowski,° was dissolved in absolute alcohol and heated with a 33 
er cent alcoholic solution of trimethylamine in a sealed vessel in boil- 
ng water for three hours, equimolecular quantities of the reagents 
eing taken. On cooling, a crystalline product separated from the 
Icoholic solution. This was filtered off, washed with a little cold 
bsolute alcohol, heated to the boiling point with more absolute alcohol, 
nd again filtered when cool. 

aSome of the oxypropylene-hexaethyl-diammonium chloride was heated for six 
ours at 100° with an excess of benzoyl! chloride without being transformed into the 
enzoyl compound; fusion. with benzoic anhydride at 180-190° for several hours 
‘ould probably have effected the change. 
b Dzierzgowski. Chem. Centrbll., 1893, II, p. 475; Bull. Soc. Chim., 1894 (3), 

mp. 911. ~ 
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A sample of this material was dried in the air bath at 110°, then in 
the desiccator, and the nitrogen determined by the Kjeldahl (Gunning) | 
method. | } 

0.3585 om. substance gave 0.02094 om. nitrogen. 
Calculated for: 

; Z(CH,), 

CH,-0O—¢/"\COH | 

HC\, ./COH 
C 
H Found 

N=5.71 per cent. | 5.84 per cent. | 

Several attempts to reduce the keto group in the above compound’ 
by means of 2 to 3 per cent sodium amalgam in the presence of an. 
excess of aluminum sulphate proved unsatisfactory. The experiment 
were carried out at 0°.% 
Summary.—This compound caused a marked, long continued rise i 

blood pressure (Exper. 284, 286, 287, 288, 290) both before and after 
atropine. It was usually more active than benzoyl-choline in causing 
a rise (Exper. 284), but far less active than epinephrine (Exper. 286 
288). There was frequently an acceleration of the heart (Exper. 284), 

| yOu 8 
CIHN—H A 

NCH OC HOE: : 

MONO-METHYL-DIOXETHYLENE-AMINE HYDROCHLORIDE. 

Preparation.—The compound was prepared by the method of 
Morley.® Methylamine (383 per cent alcoholic solution) and ethylene 
chlorhydrine were brought together in equivalent quantities and 
heated in a sealed tube for twenty-four hours at about 110°. The 
contents of the tube, containing some crystalline material, were poured 
into a distilling flask connected with a condenser and distilled from 
the boiling water bath with the aid of the pump in order to remoye 
the alcohol, and, as far as possible, the excess of reagents. The pump: 

was disconnected, the end of the condenser fitted with a nitrogen bulk 
containing dilute hydrochloric acid, the contents of the flask diluted 
with water, silver oxide added in excess and the distillation carried on 

with a free flame until the volume of liquid in the flask was very con 
siderably reduced and the odor of methylamine was scarcely perce D- 
tible on opening the flask. The silver oxide was filtered off, the filtrat 
neutralized with hydrochloric acid, evaporated to a sirup, taken up 

4 Of. reduction of dioxyaceton to glycerin (Piloty, Ber., 1898, 30, p. 3167). 

bMorley, Ber., 1880, 13, p. 222. 
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with absolute alcohol, and alcoholic platinic chloride added; there 
resulted a precipitate of a sirupy platinum double salt that slowly 
became crystalline on rubbing with the stirring rod. The salt was 
washed with absolute alcohol and with ether and dried at 105°. 

0.1312 gm. of the salt gave 0.0397 gm. platinum. 
Calculated for: 

{ /CH, | (si Jr 
\ \C,H,OC,H,OH/, Found 

30.07 per cent platinum. 30.27 per cent. 

The hydrochloric acid solution in the absorption bulb was evaporated 
off on the bath; a crystalline white salt remained. The salt was taken 
up with alcohol and alcoholic platinic chloride added, the precipitate of 
platinum double salt resulting was filtered off and washed with alcohol, 
with ether, and dried at 105°. 

0.1090 gm. of the salt gave 0.0450 gm. platinum. 
Calculated for: 

CH,)H nA 3 ‘A 5 | 

( \H ae ‘ Found 

41.30 per cent platinum. 41.28 per cent. 

Therefore, as Morley found, only two products result from the 
action of methylamine on ethylene chlorhydrine under the above con- 
ditions, viz, methylamine hydrochloride and the hydrochloride of 
monomethyldioxethyleneamine. 
A considerable quantity of the hydrochloride of the monomethyl- 

dioxethyleneamine was distilled with solid caustic potash, the distillate 
dried with powdered caustic potash, taken up with ether, the ether 
distilled off, and the residual product rectified. The distillation was 
interrupted when a temperature of 140° had been reached, practically 
all having passed over. ‘The distillate was neutralized with hydro- 
chloric acid, alcoholic platinic chloride added, and the solution evapo- 
rated to a sirup on the bath at a low temperature. On the addition of 
considerable absolute alcohol there was thrown out a sirupy platinum 
double salt that crystallized on stirriug with a rod. The salt was 
washed several times with absolute alcohol and with ether. <A portion 
was transferred to a weighed crucible, dried at 105°, weighed, and 
ignited. 

0.3624 om. of the salt gave 0.1267 gm. platinum. 
Calculated for: 

,_/CH, 
(NCCHicH,01)., PtCl, 

NH, Found 
34.80 per cent platinum. 34.96 per cent. 

64552°—11 9) 
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The salt has the appearance of being hygroscopic and melts at a | 
low temparature. S| 
This is the methyloxyethylamine, described by Knorr,* and is evi 

dently produced by the decomposition of Morley’s monomethyldiox-_ 
ethyleneamine by caustic potash. Possibly the decomposition ig 
effected thus: | 

OH, AU, 
ee mG So 

\G, H,OC,H,OH \CH, CH,OH (y; 
The presence of monomethyloxyethylamine was further determined 

by means of its gold double salt; 

0.1168 gm. salt gave 0.0553 om. gold. 
Calculated for: 

C,H,,ON AuCl, } - Found 
47.51 per cent gold. 47.35 per cent. 

The ethylene oxide was not identified. 
Summary.—This compound had no effect upon blood pressure or 

heart rate when injected in doses of 1 c. c. of a 0.4 per cent solution 
(Exper. 296, 297). | 

ACETYL DERIVATIVE OF MONO-METHYL-DIOXYETHYLENE-AMINE 

HYDROCHLORIDE. 

Preparation.—The hydrochloride of the base when boiled for two 
hours with acetic anhydride yielded a product that was apparently a 
‘diacetyl derivative. The reaction product was poured into cold abso- 
lute alcohol and alcoholic platinic chloride added. There resulted a — 
well-crystallized platinum double salt. The salt was filtered off, | 
washed with alcohol and with ether, dried at 105°, and the platinum — 
content determined. 

I. 0.1652 om. salt gave 0.0394 om. platinum. 
II. 0.1160 gm. salt gave 0.0276 gm. platinum. 
Calculated for: 

Found 

(C;H,,.NO,(CH,CO),), PtCl, i, The 
23.88 per cent platinum. 23.85 per cent. 23.79 per cent. 

A similar compound was obtained by treating the hydrochloride of 
the base with acetyl chloride for two hours at 100°. The reac a 

product in this case was poured into anhydrous ether contained in ¢ 
small beaker, and the beaker kept in a desiccator until the acetyl bod 
had settled to the bottom, when it was washed repeatedly with more 
anhydrous ether and atl dissolved in water. To the aqueous solu 
tion aqueous gold chloride was added, precipitating an oily gol 

a Knorr, Ber., 1889, 22, p. 2087. 
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ouble salt difficultly soluble in cold water. The salt was washed with 
water by decantation, dried at 105° and the gold content determined. 

0.8201 om. salt gave 0.1169 gm. gold. 
Calculated for: | 
O,H,.NO,(CH,CO), AuCl, Found 
____ 36.30 per cent gold. 36.52 per cent. 

_ Summary.—This compound caused a fall of pressure before atropine 
and no effect after it (Exper. 296, 297, 298); it was five to ten times as 
active as choline (Exper. 297) in causing a fall of pressure. 

This compound was more toxic than choline.@ 

BENZOYL DERIVATIVE OF MONO-METHYL-DIOXYETHYLENE-AMINE 

HYDROCHLORIDE. 

Preparation.—Exactly the same method was pursued as that em- 
ployed in the acetyl chloride treatment, except that the aqueous 
solution of the benzoated product was extracted with ether to more 
completely remove any benzoic acid. The addition of an aqueous 
solution of platinic chloride precipitated a gummy insoluble platinum 
double salt which gradually became well crystallized. The salt was 
filtered off, washed with water, a little absolute alcohol, with ether, and 
a sample dried at 120° for several hours in a weighed crucible, and 
the percentage of platinum determined by ignition. 

0.1830 gm. salt gave 0.0330 om. platinum. 
Calculated for: 

(C,H,.NO,(C,H;CO),), PtCl, Found 
18.31 per cent platinum. 18.03 per cent. 

_ Hereapparently a compound resulted containing two benzoyl groups. 
_ The physiological experiments were made with this compound. 

In another experiment a compound was obtained the platinum salt 
of which corresponded to a compound with but one benzoyl group. 
his was prepared by heating the hydrochloride of the base with 
enzoy! chloride for about two hours at 100°. The platinum double 
alt was precipitated as a sirupy product difficultly soluble in hot 
ater. After long rubbing ina mortar the salt became somewhat 
rittle and granular. The salt was dried at 105° and analyzed for 
latinum. 

0.1586 gm. of the salt gave 0.0360 gm. platinum. 
Calculated for: 
C,H,,.NO,(C,H,CO)), PtCl, Found 

22.75 per cent platinum. 22.70 per cent. 

Summary.—This preparation caused a fall of pressure (Exper. 
97, 298) sometimes marked (Exper. 296) both before and after 

aSee Note A. 
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atropine. Sometimes the fall of pressure was followed by a sligt 
rise and this again by a more prolonged fall (Exper. 297). The heai 
was sometimes slowed; this effect was not prevented by atropine 
(Exper. 296). ; 

This compound was slightly more toxic than choline and less toxi 
than the acetyl derivative.@ 

Il. EFFECT OF ACID RADICLES UPON THE ACTIVITY OF CHOLINE. — 

The above experiments show that the activity of choline is greatly 
modified by the introduction of acid radicles. 

(a) Compounds of the fatty acid series—Acetyl-choline—The intro 
duction of the acetyl radicle into choline increases to an extraordi 

nary degree (roughly 100,000 times) the power of the latter to cause a 
fall of blood pressure. Acetyl-choline has‘ little, if any, activity in 
causing a rise of pressure either before or after atropine; this action is 
often quite marked with choline, especially after atropine. Neither 
compound has a marked or constant effect upon the heart rate. The 
action of choline in causing a fall of pressure was easily prevented by 
atropine; that of acetyl-choline was completely prevented only by 
large doses of atropine. Acetyl-choline is about three times as toxie 
as choline. Thus the introduction of the acetyl group increases 
greatly the activity of choline in causing a fall of blood pressure 
without causing a corresponding increase in its toxicity. The blood 
pressure lowering power of propionyl-choline (before atropine) is very 
great, although much less than that of acetyl-choline; it is perhaps 100 
times as active in this respect as choline itself. After atropine this; 
compound causes a rise of blood pressure, being about as active in 
this direction as choline. Propionyl-choline frequently caused a con-| 
siderable slowing of the heart from central vagus stimulation; this 
action was more marked than with either choline or acetyl-choline. © 

Normal butyril-choline was more active than choline both in causing’ 
a fall of pressure (before atropine) and a rise after atropine; it was 
more active than propionyl-choline in causing a rise of pressure. 
had more of a tendency to cause arise of pressure before atropine than 
did choline. It had a more marked action in causing a slowing of the) 
heart (central vagus stimulation) than did propionyl-choline. Js 
butyril-choline differed from the normal compound in having a greate 
tendency to cause a fall of pressure and a lesser tendency to cause 
rise of pressure; thus there was a partial return to the choline ¢ 
propionyl-choline type of action. 

In valeryl-choline the power to cause a slowing of the heart (f 

central vagus stimulation), which was little marked in choline al 
acetyl-choline but more marked in the propionyl-choline and still mo 

4 See Note A. 
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in the normal iso-butyril compounds, was very marked. It had less 
uctivity in causing a fall of pressure than any of the preceding com- 
pounds, but greater activity in causing a rise of pressure. 
_ a-Bromisocapronyl-choline was about as active as choline in causing 

a fall of pressure, but more active than this in causing a rise of pres- 
gure; the experiments were not sufliciently numerous to determine its 

sffect on the heart rate. 
- Succinyl-choline has an action very similar to that of valeryl-choline; 
the latter is, however, several (perhaps fifteen) times as active as the 
former. 
Palmityl-choline was very active in causing a fall of pressure, but 

nad little action in causing a rise; it seems to have but little action on 
the heart. 
Thus, as we pass up the series from the acety! to the valeryl compound 

we find (1) a rapid diminution in the activity of these compounds 
in causing a fall of blood pressure, (2) an increase in their activity in 
sausing a rise of pressure, and (3) an increase in their activity in 
causing a slowing of the heart. 
The fall of pressure was in all cases abolished by atropine. 
(b) Compounds of the aromatic series.—The introduction into choline 

of acid radicles of the aromatic series had for its most marked effect 
m accentuation of the blood pressure raising properties of this com- 
pound; it also increased the activity of the latter in causing slowing 
of the heart from central vagal stimulation. Benzoyl-choline is essen- 
tially a blood pressure raising compound, although it frequently causes 
1 fall of pressure, especially when injected in small doses; it is mod- 
srately active in slowing the heart (vagi intact). It is about one and 

one-half times less toxic than choline. 
_ m-Nitro-benzoyl-choline had less tendency to cause a rise of pressure 
shan did benzoyl-choline, whereas with p-nztrobenzoyl. choline the oppo- 
site was the case. Phenyl-acetyl-choline was more active in causing a 
slowing of the heart and a rise of pressure than was benzoyl-choline; 
t was perhaps twenty times as active as the latter in causing a rise of 
oressure. It usually caused a fall of pressure (vagi intact), but this 
seemed to be dependent entirely upon central vagus inhibition, differ- 

ng in this respect from benzoyl]-choline. It is especially interesting 
9 note that the introduction of the phenyl group into acetyl-choline 
iad changed the latter from an extraordinarily active blood pressure 
owering body into a blood pressure raising body; the characteristics 
of acetyl-choline were completely lost. 
| B- Phenyl-propionyl-choline.—The pheny] group had‘ here an effect 
imilar to that in the phenyl-acetyl compound; it caused a great accen- 
uation of the blood pressure raising and cardio-inhibitory properties; 
t was less active (by about one-half) than the phenyl-acetyl compound 

somewhat the same way as propionyl-choline is less active than 
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acetyl-choline. In anzsyl-choline there was a further accentuation o 

the cardio-inhibitory action of benzoyl-choline. This property was; 
still more marked in cinnamyl-choline; the latter, however, seemed to 

have also a greater tendency to cause a fall of pressure. Phthalyl 
choline had almost no effect upon the blood pressure. 

The fall of pressure resulting at times from the injection of some o 
these compounds was but incompletely prevented by atropine; thi 
was especially the case with the cinnamyl compound. 

Il. EFFECTS OF VARIOUS SIDE CHAINS UPON THE ACTIVITY OF COM 
POUNDS CONTAINING THE (CH,), GROUP. 

(a2) Compounds containing hydrowyl (or certain other owygen-con-. 

taining groups).—FHormocholine (CINSGy, oe .—This compound 
2 

had an action on the blood pressure very similar to that of choline; it 
was, however, distinctly more active than the latter, at least in caus- 
ing a fall of pressure. The effects of the methyl ether of formocho- 

CH 
line (ONS oe ) were very similar to those of the formocho- 

line; it was, however, less active than this in causing a fall of blood 
pressure. The ae of both of these compounds is much greater 

C 
than that of choline itself.¢ Letain (ONS. GED had practi 

: -Z(CHs)s 
cally no effect on the circulation.® The compound kW! HBr hac 

the same effect on the blood pressure as choline itself, but it seeme d 

A(CHs)s } 
rather more active. The compound CIN cH, CH,CH,OH had about 

the same effect on the circulation as did choline; the only differen e | 
apparently, being that it did not cause a me of pressure before 

atropine as choline occasionally did and the rise after atropine was 

rather less. It is five or six times as poisonous as choline. The com 

C 

BRAS oINe GH, anan 
it was, however less active than this. It was about one and one-hal : | | ACH, 
times as poisonousas choline. The compound CIN\ oF CHOHCH, 

had an action similar to that of choline 

seemed to have about the same activity as did choline; it is abou 

aCf. Hunt and Taveau, Jour. Pharm. and Exper. Therap., 1909, 1, 303. u 

data on the toxicity of other compounds considered in this paper are taken larg 

from this article. 
bOf. Mott and Halliburton, Phil. Trans., Royal Society, London, 1899, 191, 

p. 211. . 
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Bice as toxic as the latter. The compound cinZ Cs if 8 ee De “OH, CHOHCH,OH 
had about the same effect in causing a fall of blood pressure before 
atropine as did choline; it differs from the latter in not causing a rise 
of pressure after atropine. It was about one-half as toxic as choline. 

Thus in most of the above cases changes in the side chain had in- 
creased the toxicity of the compound as compared with choline and 
had not increased its activity upon the blood pressure, or had not 
increased it in proportion. to the increased toxicity. The only excep- 

(CH), ‘ . 
CH,CHOHCH,OH this retained the 

blood pressure lowering activity of choline, but was only about one- 
half as toxic as the latter. 

The fall of pressure caused by these bodies was in all cases prevented 
by atropine. 

(b) Acetyl derivatives.—The introduction of the acetyl group into 
choline increased the blood pressure lowering activity of this body so 
markedly that it was thought that the acetyl derivatives of the other 
members of this series might be of special interest, especially that of 
the di-hydroxy compound, which is, as was just stated, decidedly less 
poisonous than choline, but equally active in causing a fall of blood 
pressure. The introduction of the acetyl ‘radicle into the compound 

CIN Z(CHs)s 

- \CH,CH,CH,OH 
very greatly (about one thousand times). It was still far less active 
than acetyl-choline, from which it also differed in that its effect was 
not so readily abolished by atropine. The acetyl derivative of the 

A(CHs)s 
\CH,CHOHCH, 

fall of blood pressure; it differed from the preceding in that it was often 
impossible to completely overcome its action by atropine. The acetyl 

Z(CHs)s 

\CH,CHOHCH,€1 
active than the original compound or than choline itself; the effect 
was easily abolished by atropine. The chlorine atom seemed to coun- 
teract in some way the effect of the acetyl group. : 
The introduction of two acetyl groups into the compound 

aN 

oinZ\CHs) . had very little effect; the second acetyl group 
\CH,CHOHCH,OH 

seemed to counteract the effect of the first in somewhat the same way 
that chlorine did in the case of the preceding compound. 

It may be added that the toxicity of all these compounds was 
increased from two to four times by the introduction of the acetyl 

groups. 

tion was the compound CINS 

increased the blood pressure lowering activity 

compound CIN was also extremely active in causing a 

derivative of the compound CIN was scarcely more 
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(c) Benzoyl derivatives.—The introduction of the benzoyl group § 
into choline increased the blood pressure raising and the cardio- | 
inhibitory activities of choline; it also diminished the toxicity of the © 
latter. The introduction of the benzoyl group into the compouné 

eugCHOs 
CIN GH,CH,CH,OH ) 
causing a fall and perhaps in causing a rise of pressure; the same was |) 

2(CH 
true in general of the compound CINC piciiel but this was 

a4 3 

lessened somewhat the activity of this both in 

rather more active than the former in causing a rise of pressure. 
The benzoyl group seemed to have no effect in the compound 

cynZ CBs 

\CH,CHOHCH.Cl 
benzoyl group had no effect upon the toxicity of the two preceding com- § 
pounds. The introduction of two benzoyl groups into the compound | 

CINCH, eaten had little effect except that the toxicity was — 

increased about threefold; this compound caused a fall of pressure 9 
after atropine, however, whereas the di-hydroxy compound did not. 

The fall of pressure frequently following the injection of the above 
bodies was not prevented, or not entirely prevented, by atropine. 

except that its toxicity was doubled; the | 

IV. EFFECTS OF VARIOUS (C,H,,,,,); GROUPS. 

(a) Compounds containing the — CH, CH1,OTT group.—The compound 

oynZ 2) 

\CH,CH,OH 
seemed to have the same general effect upon the blood pressure as the 
latter, except that it was weaker and the fall of pressure was not so 
easily prevented by atropine; it was less active in causing a rise of 
pressure after atropine. The compound containing three propyl | 
groups was about as active as the preceding one; the fall of pressure, 
which was not very great, was rather prolonged. It was about six 9 
times as toxicas choline. The toxicity was still greater with the com- 9 

1 A(C5H,,)s pound CIN GH,.CHLOH 

U\CHs)s, 3 . nn 
The compound CIN—C,H,,(iso) had an action more like choline; it 

\CH,CH,OH ‘ 
was fairly active in causing a fall of pressure before atropine. It 

differed from choline in causing no rise after atropine. It was more 9} 

poisonous than choline but much less poisonous than the triamyl com- 

pound. 
Thus in every case the effect upon the blood pressure was lessene¢ 

and the toxicity increased by the substitution of other groups _ 

was about thirteen times as poisonous as choline; it 

but it had little effect on the blood pressure, a 
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in the place of the trimethyl group of choline. The compound 

BON had no effect he blood CH,CH,OH ad no effect upon the blood pressure. 

() Compounds containing the — CH,CH,O.CH,CO) group.—The. 
triethyl and tripropyl compounds were not prepared. The 
triamyl compound, which was about four times as toxic as acetyl- 
choline, had but a very slight effect upon the blood pressure; 
sometimes it caused a slight fall, sometimes a slight rise. The com- 

J\CH,), . 
pound CIN—C,H, , (iso) , which was but slightly more toxic 

\GH, CH,O(CH,CO) 

than acetyl-choline, was fairly active; sometimes it caused a fall, 
‘sometimes a rise of pressure. It was more active than the compound 
without the acetyl group or the acetyl derivative of the triamyl com- 
pound. Thus the introduction of the two methyl groups had the effect 
of restoring, to a limited degree, the action of this compound to that 
of the choline type. 

(c) Compounds containing the — CH,CH,O( C,H;CO) group.—The 
triethyl, the tripropyl, and the triamyl compounds were very toxic, 
being about eight, thirteen, and ninety times, respectively, as toxic as 
benzoyl-choline, but only the triamyl compound had a distinct effect 
upon the blood pressure; this caused a’ slow and prolonged fall of 
pressure both before and after atropine. Sometimes there was a 

. ICH)» 
slowing of the heart. The compound CIN —C,H,,(iso) was 

\CH, CH,O (C,H;CO) 
much less toxic than the above-mentioned ones; its effect on the blood 
pressure was variable, sometimes causing a fall, sometimes a rise, both 

before and after atropine. As stated above this compound partook 
of the activities of choline, benzoyl-choline, and the triamyl compounds. 

(@) Compounds containing the — CH,CHOHCT1, group.—The tri- 
methyl compound caused a fall of pressure before atropine; after 
atropine it had no effect or caused a slight rise. The triethyl compound 
caused a slow prolonged fall of blood pressure and a slowing of the 
heart; it was more than four times as poisonous as the trimethyl com- 
pound. The tripropyl compound was less active but still more poi- 
sonous. The triamyl compound caused, in large doses, a slow and 

prolonged fall of pressure both before and after atropine; it was the 
MInost toxic of this group. 
- There was thus a diminution of the activity of these compounds 
upon the blood pressure, beginning with the trimethyl compound up 
to the triamy]; the latter’s effect upon the circulation seemed to depend 
more upon its toxic properties than upon a specific action. 

(ec) Compounds containing .the — CH,CHOMCH,C1 group.—The 
trimethyl compound was fairly active in causing a fall of pressure 
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before atropine. The triethyl compound caused a slight fall of 9 
pressure. The tripropyl compound had practically no effect upon | 
blood pressure. The triamyl compound caused a slight fall or a slight 
rise of pressure. The tripropyl compound, which had the least effect 
upon the blood pressure, was the most toxic. | 

(7) Compounds containing a — CH, CHO CH, CO) CH; group.— © 
The trimethyl compound was extremely active in causing a fall of — 
pressure before atropine; this action was not entirely abolished by 
atropine. The triethyl compound caused a rather prolonged fall of 
pressure before atropine and no effect after it; it was not very active. 
The tripropyl compound was still less active. The triamyl compound 
had but little activity. It is interesting to note that these compounds, 
all of which had some effect upon the blood pee were not very 
toxic. 

(7) Compounds containing a — CH, CHO( C,H; CO) CH, group.—The _ 
trimethyl compound had but little action on the blood pressure. The 
triethyl compound caused a slow prolonged fall of pressure before 
atropine; it had no effect after atropine. The tripropyl compound Jf) 

' - was less active. The triamyl compound seemed to be somewhat a if 
active in causing a fall of pressure. 

(h) Compounds containing a — CH,CHO( CH, CO) CH,Cl group.— 
The trimethyl compound caused a fall of pressure before atropine; it 
had no effect after atropine. The tripropyl compound was less active. 
The triamyl compound seemed to be slightly more active, sometimes 
causing a slow prolonged fall, sometimes a slight rise of pressure. 

(‘) Compounds containing a — CH,CHO(C,H;CO) CH, Cl group. 
The trimethyl compound was about as active as choline in causing a 
fall of pressure before atropine; it caused a slight rise after atropine. 
The triethyl compound had a similar effect, but the fall of pressure 
was more prolonged; the effect of the tripropyl was similar but less 
marked. The triamyl compound sometimes caused a slow long con- 
tinued fall, sometimes a rise of pressure both before and after atropine. 

(j) Compounds containing a — CH, CHOHCH, OH group.—-The tri- 
methyl compound was moderately active in causing a fall of pressure 
before atropine; it had no effect after atropine. The effects of the 

triethyl and the tripropyl compounds were similar but less marked. 
The triamy] differed from the preceding in sometimes causing a rise 
of pressure. 

(k) Compounds containing a -CH,CHO( CH, CO) CH, At CH,C 0) 
group.—The trimethyl compound was fairly active in causing a fall 
of pressure before atropine; after atropine it had no effect. The tri- 
ethyl compound caused a slight but slow and long-continued fall of 
pressure before atropine and a slowing of the heart; it had no effect 
after atropine. The tripropyl had a similar but less marked effect. 
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The triamyl compound caused a slight fall both before and after 

atropine. 
(1) Compounds containing a -CH,CHO(C,1,CO) CH,O( C,H; CO) 

group.—The trimethyl compound caused a slight fall of pressure both 
before and after atropine. The triethyl compound caused a slow, 
rather marked fall of pressure. The tripropyl compound was rather 
active in causing a slow fall of pressure both before and after atropine. 
Summary.—In most cases the (CH,), compounds had the greatest 

effect upon blood pressure, whether this rose or fell. They differed 
from the others chiefly in that their effect was more transient and the 

fall of pressure more easily abolished by atropine. Thus it is possi- 
ble, as a rule, to prolong the effect of these compounds on the blood 
pressure by introducing the higher members of the series (C,H.n+,), 

but larger doses are necessary. The effects produced by the higher 
members are less easily or completely abolished by atropine. 

_ Hence by changing the (C,H.n4,),; groups it is possible, on the one 
hand, to increase the effects upon the blood pressure, or it is possible 
to increase other effects and at the same time diminish those on the 
blood pressure. The chief exception to the general rule that the 
(CH,); compounds are more active is in the case of compounds con- 
taining the -CH,CHO(C,H,CO)CH,O(C,H,CO) group. Inthisthe ethyl 
and propyl groups are about as active as the trimethyl compounds. 

V. EFFECT OF THE ACETYL GROUP. 

(a) Compounds containing the (CH,), group.—The introduction of 

: Z(CHs)s Z(CHsy)s 
acetyl groups into CIN GH,CH,OH? CINS GH,CH,CH,OH” 

| Z(CHs), 

CIN\ CH,CHOHCH, 
causing a fall of pressure very greatly; the activity of the first was 
increased about 100,000 times, that of the two latter about 1,000 times. 

; Z(CHs), 
Acetyl groups had no effect in the compound CINS CH,CHOHCH,Cl 

and but little effect in onZ Cs The acetyl deriva- 
a \CH,CHOHCH,OH’ 

tives were in all cases somewhat more toxic than the original 

compounds. | 
(0) Compounds containing the (C,H), group.—The introduction of 

AC,Hs)s a 

acetyl groups into the compounds CIN\ oH CHOHCH and 
2 3 

onZ CH 
~"NCH,CHOHCH,OH 
upon the blood pressure; their toxicity was, however, somewhat 

increased. 

and 

increased the activity of these compounds in 

had no distinct effect on the activity of these 
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(ec) Compounds containing the (C,H,); group.—The introduction of 

; ; : Z(C3H,)s ‘ 
acetyl groups into the compounds CLN\ CH,CHOHCH, 

. Z(C,H,); A(C,H,)s . nn 
CINS CH,CHOHCH,CP and CIN CH,CHOHCH,OH had no distinet 

effects upon their activity on the blood pressure. The toxicity of the 
first two was lessened, that of the third increased, by the acetyl group, 

(2) Compounds containing the (C;H,,), groups.—The introduc- 
GS Beh 

tion of acetyl groups into the compounds one a OH. 
2 2 7 

Z(CsH,:)s 4 A(C5H,,)s 4 

CINS GH,CHOHCH,’ CIN\ GH,CHOHCH,cr #4 
‘ A(C5H,,1)3 : ° ey 
CINS CH,CHOHCH,OH had little if any effect upon the activity of 

these on the blood pressuie. The toxicity was in some cases slightly 
increased, in others slightly diminished. 

(e) Compounds containing the group = CM .—The intel CREA, . 
J/(CHs), 

duction of an acetyl group into the compound CIN—C,H,, (iso) 
\CH,CH,OH 

increased slightly the activity of this in causing a fall of blood pres- 
sure; the toxicity was almost doubled. 

(7) Compounds containing the group (CH;),.—The introduction of 

two acetyl groups into the compound cInC iGaeen increased its 

activity in causing a fall of pressure very greatly (perhaps one thou- 
sand times); the toxicity * was diminished by about one-half. 

(g) The introduction of an acetyl group into the compound 
CH,N(CH,),Cl | 

HOH increased the activity of this in causing a fall of blood 

OHN(CH,),C1 
pressure very considerably (perhaps fifteen times); the toxicity was 
also somewhat increased. | 

(1) The introduction of an acetyl group into the compound 
CH,N(C,H;),Cl 

CHOH seemed to have-no effect upon its activity on the circu 
| 
CH,N(C,H,),Cl 
lation; the toxicity was perhaps diminished. 

«See Note A at end of bulletin. 
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(t) Influences of two acetyl groups.—The compound 

CIN was always ‘e active than the e 1 (GH,CH,O(CH,Co)), “2°! ys more active than the compounc 

A(CH;), A . P 
CUNS GH,CHO(CH,CO)CH,0)CH,CO) ; in some cases (Exper. 282 and 

286) it seemed to be nearly a hundred times more active. It was about 
three times as toxic. 

/CHs; 
The activity of the compound CIN=H, was much in- 

\C,H,OC,H,OH 
creased by the introduction of two acetyl groups. 
Summary.-—The acetyl group altered markedly the effects upon the 

-blood pressure only in those compounds containing one or more methyl] 
groups, and in these the effect was largely prevented by the presence 
of a second acetyl group or-.of a chlorine atom. 

The comparatively low degree of activity of the compound 

oynZ CH) 

\CH,CHO(CH,CO)CH,O(CH,CO) 
futility of endeavoring to increase the activity of some compounds by 
multiplying the number of groups upon which a certain action seems 
dependent. 

In general the fall of pressure caused by compounds containing the 
acetyl group was more easily prevented by atropine than was that 
caused by similar compounds containing benzoyl groups. 

is another illustration of the 

VI. EFFECT OF THE BENZOYL GROUP. 

(a) Compounds containing a(CH,), group.—The introduction of a 
benzoyl group into choline increased very considerably the tendency 
of this compound to cause a rise of pressure; the toxicity was dimin- 
ished. The introduction of a benzoyl group into the compound 

CIN Ga se CHOH seemed to diminish its effect upon the blood 

A(CHs) 
\CH,CHOHCH, 

pressure raising activity. The benzoyl group had no effect upon the 
poxcity of either of theabove. The introduction of the benzoyl group 

ZA(CHs)s 

\CH,CHOHCH,CI 
upon the action on the blood pressure; the toxicity was about 
doubled. . The introduction of two benzoyl groups into the compound 

_ \CH,CHOHCH,OH 
creased about threefold. Increasing the number of the benzoyl groups 

pressure; in the compound CIN it increased the blood 

had practically no effect Into the compound CIN 

had no distinct effect; the toxicity was in- 
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had as little effect as increasing the number of acetyl groups in the 
analogous compound. 

(0) "Cnasprands containing the (C,H; ), group.—The introduchill 

AC2Hs)s of a benzoyl group into the Saeaee CINZ 
oy ZC) \CH,CH,OH 

had no distinct eff ; 
\CH,CHOHCH, ad no distinct effect upon the action of these 

upon the blood pressure; it diminished their toxicity. The introduc- 

ZAC,Hs)s 

\CH,CHOHCH,CI® 
seemed to have no effect upon the action upon the blood pressure; the § 
toxicity was increased nearly fourfold. The introduction of two ben- 9} 

A(C2Hs5) | 
\CH,CHOHCH,OH 

increase the activity of this in causing a fall of blood pressure; the §! 
toxicity was increased about ninefold. 

(c) Compounds containing the (C,H); group.—The introduc- 
Z C,H 

tion of a benzoyl group into the compounds ONC mae OH’ 

GN hay ana ING une eemed toh \CH,CHOHCH,’ ™ \CH,CHOHCH,C! "2 =a 
effect upon the activity of these upon the blood pressure; it increased 
the toxicity in all cases. The introduction of two such groups into the — 

AC3H7)s 
compound CIN oH, CHOHCH,OH 

cause a fall of blood pressure; the toxicity was increased fourfold. 
(2) Compounds containing the (C;H,;)s group. —The introductior 

of a benzoyl group into the compounds 

AC Hy1)s an ZbCsHas)s A(CSHi1)s 
CINGrcron’ S<cr,cHoncny #4 Noy, cHOHCH,CI 
increased somewhat the activity of these upon the blood pressure; the 
toxicity was increased in all cases. 
' (e) The introduction of a benzoyl group into the compound 

7H): a 

CIN—C,H,, (iso) increased the tendency of this to cause a rise of 

\CH,CH,OH 3 
pressure; the toxicity was somewhat lessened. 

(7) The introduction of two benzoyl groups into the compound 

(CH,); | 
CIN (CH,CH,OW), had no marked effect upon the action of this upon 

the blood pressure; the toxicity was diminished about fivefold. (The 
introduction of two acetyl groups into this compound had a marked 
effect.) 

and 

tion of a benzoyl group into the compound CIN 

zoyl groups into the compound CIN seemed to 

increased the tendency of this to 
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' (g) The introduction of a benzoyl group into the compound 
CH,N(CH,),Cl 

CHOH increased its activity in causing a rise of pressure; it 

OH,N(CH,,Cl | 
was rather more active than benzoyl-choline; the toxicity was at least 
doubled. 

—Summary.—It was only in the compounds 8 tty OH and 
CH,N(CH,),Cl CH,CH,O1 

HOH that the introduction of the benzoyl group had a dis- 

bu,N(CH,),CI : 
tinct effect upon the action upon the blood pressure.. In both of these 
compounds it increased very considerably their power to cause a rise 
of blood pressure. The toxicity was diminished in the former case 
and increased in the latter. 

Atropine was less efficient in preventing a fall of pressure from 
compounds containing benzoyl groups than it was in the case of com- 
pounds containing acetyl groups. 

VII. EFFECT OF CHLORINE IN THE SIDE CHAIN. 

a A(CaHon41)s 
(a) Hydroxyl compounds.—Of the compounds CINS CH,CHOHCH, 

A(CaHent1)s ae . . : 
and CIN. OH,CHOHCH,C! those containing chlorine were more toxic 

in the case of the trimethyl and tripropyl, but less toxic in the case 
of the triethyl and triamy] derivatives. 

_ The chlorine had no distinct effect in the action of these compounds 
upon the blood pressure. 

(b) Acetyl derivatives.—Chlorine diminished the toxicity of the 
trimethy! and triethyl compounds of the groups 

te cetorer,cojon, 4 Non ,cno i (CH,CO)CH, CH,CHO(CH,CO)CH,CI 
increased that of the tripropyl and triamyl compounds. 
_ The introduction of the chlorine atom into the trimethyl compound 
diminished the activity of this in causing a fall of pressure most 
markedly (perhaps a thousand times). Theeffect of the chlorine com- 
pound upon the blood pressure was readily overcome by atropine; 
that of the hydroxy compound was not. The chlorine had no dis- 
tinct or constant effect upon the action of the tripropyl and triamyl 
ompounds, 
(c) Benzoyl derivatives.—Chlorine markedly increased the toxicity 

of the trimethyl and triethyl, but had little effect upon that of the 

and 
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tripropyl and triamyl compounds. The chlorine seemed to diminish 
slightly the effect of the trimethyl compound in causing a rise of pres- § 
sure; this action is analogous to the effect of chlorine in the acety 
derivative. The chlorine had no marked or constant effect in the tri 
ethyl and tripropyl compounds; it seemed to somewhat increase the 
activity of the triamyl compound. 

VI. COMPARATIVE ACTIVITY OF NORMAL AND ISO COMPOUNDS. 

,Z(CHs)s 
We have sh @ that of th mpounds CIN] | e have : own a : e compounds \CH,CH,CH,O : 

Z(CHs), 

\CH,CHOHCH, 

iso compounds were always the less toxic. There were also distinet 
differences between these two groups in their effects upon the blood 
pressure. Thus of the hydroxy compounds the normal was more 

active than the iso compound in causing a fall of pressure; it seemec 
from two to ten times more active in some experiments (269, 270, 271 
The iso compound was more active in causing a rise of pressure. 

The acetyl derivatives were extremely active in causing a fall of 
pressure, but the action of the normal compound was completely, 
although with some difficulty, abolished by atropine, whereas that o 
the iso compound, although much diminished, was not completely 
abolished even by very large doses of atropine. 

Of the benzoy! derivatives the iso was more active in causing a risé 
of pressure (Exper. 272). | 

Thus in all three classes the iso compound was more active in causing 

a rise of pressure or less active (or less persistently active) in causing a 
fall of pressure. With the butyril-cholines the reverse was the case 
i. e., the iso-butyril compound was more active in causing a fall o} 
pressure; the two cases are scarcely analogous, however. 

and CIN and their acetyl and benzoyl derivatives the } 

IX. EFFECT OF TWO HYDROXYL GROUPS. 

It was shown in our preliminary publication that of the compound 

yy (CnHanta)s ACrHlaass)s . ; 
OIN\cxH,cHOHCH, *"¢ CS\on cHoncH,o# "98° With eis 
hydroxyl groups were always the least toxic.” In their effects upot 

aJour. Pharm. and Exper. Therap., 1909, I, 303. 
6The slight toxicity of the trimethyl-dihydroxy compound (homoisomuscariné 

was attributed by Meyer to the length of the side chain (Liebig’s Annalen, 1904, 33 

Z(CHs3); 

\\CHOHCH,OH 
in the length of the side chain sometimes increases the toxicity (cf. choline, th 

homocholines and mono-chlor-oxypropyl-trimethyl ammonium chloride). 

p. 48), isomuscarine (HON being much more toxic. An increa 
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-(CH,), > he blood pressure the ¢ INS he blood pressure the compound CIN \CH,CHOHCH,OH 

: ' 2(CH,). 
vhat more active than CINC ees in causing a fall of pres- 

es aw hd ane 

Was some- 

. . * . 

ure before atropine, but the latter seemed slightly more active in 
ausing a rise of pressure. No distinct or constant differences were 
ibservable in the case of the triethyl, tripropyl, and triamyl compounds. 

X. GENERAL CONCLUSION. 

The most important general conclusion which can be drawn from 
he above experiments is that the greatest effects upon the blood 
ressure are produced by those compounds which depart least from 
he choline type—that is, by those compounds containing the nucleus 

A(CHs) 
ION CHO— all changes in the group (C,H,n:,), or in the 

ide chain (except the substitution of the terminal hydrogen atom) 
ended to diminish the effect upon the blood pressure but increased, 
sa rule, the toxicity.” 
When this configuration is maintained it is possible to vary the 

ntensity and character of action upon the circulation within extraor- 
inarily wide limits by substituting groups in the place of the hydrogen 
tom.? 
The réle of this group is probably to carry the compounds to 

efinite cell structures or, to use a comparison of Ehrlich’s, to make 
hem fit in a certain mosaic; then the groups which have substituted 
he hydrogen atom enable the entire compound to exert a definite 
ction (groups of the lower fatty series to depress the blood pressure, 
hose of the higher ones to cause a slowing of the heart, those of the 
romatic series to cause a rise of blood pressure). The groups which 
1 certain combinations contribute so greatly toward a definite action 
ave, in other combinations, either no effect or even the opposite 
ffect; introduced into choline the acetyl group led to a remarkable 
icrease in the blood-pressure lowering activity of this compound; 
itroduced into certain other compounds it had no effect. The ben- 
oy group introduced into choline increased the blood-pressure raising 
tivity; introduced into certain triamyl compounds it had the oppo- 

@It is also of interest to note that the greater the variation of the compounds from 

e choline type, the less effect did atropine have in preventing a fall of pressure. 
his was the case whether the variation occurred in the (C,H;,.,); group or in the 

e chain containing the hydroxyl; the resistance to the action of atropine was 
pecially marked when both were different from choline. The presence of benzoyl 
‘oups in the side chain was especially potent in preventing the action of atropine. 

bWe are now engaged in the study of further compounds of this character. 

64552°—1i——6 
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site effect. The amyl group, which in some compounds contribute 
so greatly to their blood- -pressure lowering activity, increased th 
tendency of others to cause a rise of pressure. 

ACH), 
The reasons for the efficiency of the group HONG es .CH,O 

carrier and the low toxicity of its derivatives are perhaps to be founc 
in the fact that choline is a constituent of probably all plant. an 
animal cells; these have, to use the rather crude comparison of a. 
mosaic again, places into which the compounds can fit,“ and the cell; | 
themselves containing such groups are not injured by them as they 
would be by new and unusual groups.? 

Note A.—_EXPERIMENTS ON TOXICITY. 

The toxicity of a number of the compounds discussed in the abov 
was determined upon mice. The results, which have not been pre 

viously reported, were as follows. The compounds were injected ii 
aqueous solution subcutaneously. : 

Dose in mgm. 
per gm. mouse. Average 

Average fatal dose 

Com a). | dose im Weeeceme Molec- 
pounds. we pared ular 

with weight. 
Sur- | pied. | P°T8™- | choline | 

Z(CHs)3 
ela Breas Beet Boe an oara aoaccc 0.72 |; 0.75 0.735 1.00 139, 59 

CH2CH20H 

(CH3)2 
MINK Dee, Ae TS Shh ahd dete ee jsiole sia 0.11 0.13 0.12 0.163 | 169.61 

(CH2CH20H )2 

ff (CHs)2 
INS Se aoe) Cd ALLS co CS eee See 0. 28 0.31 0. 295 0.401 | 2538.64 
\(CH2CH20(CH3CO) )2 

Z\(CHs)2 
INC afd ad dertee rete 0.504 | 0.525 0.514 0.699 | 377.67 

(CH2CH20(CeHsCO) )2 

CH2N(CH3)3C1 

aus Je case Bowe Fees Se blew atoetee 0,600 Wei acre acto c 0. 60 c0.816 ; 247.16 

CH2N(CH3)3C1 

CH2N(CH3)3C1 

CHOC Hg CO) pice wane ole alee 2 oie njoie) = (e w)siniminininini=i=re 0. 52 0. 65 0. 585 0.796 | 289.18 

CH2N(CHs)3C1 

CH2N(CH3)3Cl 

CHO(CsH CO) sais c cet wasetscetesenicq asthe 0.248 | 0.347 0. 297 0.404 | 351.20 

| 
CH2N (CHs3)3Cl 

RT 

CRO Bias nae Site eters alae Pere ee ere d(). 42 0. 40 0. 41(?) 0.557 | 331.26 

dun 1(CeHs)3Cl 
aCf. Hunt, Jour Amer. Med. Assoc., 1907, 49, p. 1329. 

bJoseph and Meltzer (Jour. Pharm. and Exp. Ther., 1909, 1, p. 1) found that the toxicity of m 

nesium, calcium, potassium, and sodium ions varies inversely to the proportion in which they 0 y 

in the serum of the animal, 

c Greater than. 

d Results irregular, 
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ee oo 

Compounds. 

H2N (C2H;5)3Cl 

HO(CH;CO) 

HN (C2H5)3Cl 

CH; 
7 6=—ti‘<‘Sé™*~‘~*S*C«w*«w*C«C*CS 

\.C2HiOC2:HiOH 

iacetyl derivative of— 

CH3 

Bei. | 

AZ (CHs)s 

‘CIHN—H 
\.CsHi0C2H,OH 

\cxH.0(CsHBrCo) 

ibenzoy! derivative of— 

yf CH3 

CIHN—H 

Dose in mgm. 
per gm. 

Sur- 
vived., 

0. 65 

1.5 

mouse, 

Died. 

0. 35 

5 

a Greater than. 

Average 
dose in 
mgm, 

per gm. 

a0), 46 

0.34 

a0). 27 

0.73 

16 

Average 
‘fatal dose 

com- 
pared 
with 

choline 

0. 462 

a0. 367 

0. 993 

2.176 

1. 700 

a0), 625 | 

Molec- 
ular 

| weight. 

245. 61 

| @ 155. 60 

239, 63 

363. 66 

——______ | 

373.28 | 

| 

Awerage 
fatal dose 
of mole- 

icule com- 
pared 
with 

choline 

a (), 234 

0, 263 

0.329 

0. 598 

0. 835 

0.749 

ote B.—EFFECT OF FEEDING THYROID UPON THE TOXICITY OF SOME 

OF THE ABOVE COMPOUNDS. 

It has been shown in a number of publications from this laboratory @ 
wat the feeding of thyroid to mice markedly increases their resistance 
ya methyl compound, viz, methyl cyanide or acetonitrile. 
ought that it would be of interest to determine if a similar reaction 
uld be obtained with some of the methyl and other compounds 

The results were entirely negative. 
Experiments were made with the following compounds: 

omocholine chloride and the benzoyl! derivative. 
cetyl and benzoyl derivatives of isooxypropyl-trimethyl-ammonium chloride. 
enzoyl derivative of mono-chlor-isooxypropyl-trimethyl-ammonium chloride. 
ioxyethyl-dimethyl-ammonium chloride and the diacetyl derivative. 

enzoyl derivative of hexamethyl-oxypropyl-diammonium chloride. 

ascribed in these experiments. 

thyl-choline. 

ooxypropy!-triethyl-ammonium chloride and the acetyl derivative. 

onochlor-isooxypropy]-triethyl-ammonium chloride. 

aCf. Hunt and Seidell, Bull. No. 47, Hyg. Lab., 1909. 

It was 
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Isooxypropyl!-tripropyl-ammonium chloride. 

Mono-chlor-isooxypropy! tripropyl-ammonium chloride and the benzoyl derivati 

Oxyethyl-triamyl-ammonium chloride and the benzoyl derivative. 
Isooxypropyl-triamyl-ammonium chloride and the benzoyl! derivative. 
Mono-chlor-isooxypropyl]-triamyl-ammonium chloride and the benzoyl derivative. 

Note C.—ON THE EFFECT OF SOME OF THE ABOVE COMPOUNDS ON TASTI 

The above compounds, in approximately 1 per cent solutions, wer 
tasted and the following notes made: . 

(a) Compounds containing a (CH3)3 group.—All of the compounds containing th 
trimethyl group were practically tasteless except those containing one or more ber 
zoyl groups which were all bitter. 
The most bitter of these were the compounds 

2(CH,). tonZ (OH 
an 

cH, CHO (C,H;CO)CH,0(C,H;CO) \CH,CH,CH,0(C,H,CO) ; 
the latter was far more bitter than the compounds 

ZACHS)s Z(CHh)s | 
OINS an < 

CH,CHO(C, Bee CH,CHO(C,H,CO)CH,Cl 
(CHs)» 

The compounds cin and CH,N(CH;),Cl 
“N(CH, CH,0(CsH;CO)), 

CHO(C,H;CO) 

CH 2N(CHs) scl 
were slightly bitter. 

(b) Compounds containing the (C,H;), group.—Those with a ‘side chain containir 

one or more hydroxyl groups were slightly bitter; those containing an acetyl grot 
were practically tasteless except that the one containing two acetyl groups was som 

what bitter. All of the compounds containing a benzoyl group were very bitte 
CH,N(C,H;);Cl 

The compound mea and its acetyl derivative were tasteless. 

CH,N (C,H; )3Cl 

(c) Compounds containing the (C;H,); group.—Those compounds containing 

hydroxyl group in the side chain were slightly bitter.. The compound containiz 
the —CH,CHO(CH;CO)CH.Cl group was very slightly bitter; the one without t 
chlorine atom was very bitter. All of the compounds containing a benzoyl grot 
were extremely bitter. 

(d) Compounds containing the (C;H\,)3 group.—All of these compounds y 

extremely bitter; the one containing the group —CH,CHO(CH;CO)CH; was le 
bitter than the one containing a chlorine atom. The acetyl derivative om i 
oxyethyl compound was but slightly bitter. 

(e) Compounds containing the =. CH Hs) ” group.—All of these were bitter. 
5 ll 
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PROTOCOLS. 

EXPERIMENT 210.—RABBIT, 1.89 K. URETHANE-ETHER. 

ime. Compound, Blood pressure. 

l,m. 
SNM PEMETRLITESENLGULCLG fo. Jsjcc wc coh cncccwscuameccovvadnceceacenve Fell 19 mm. (68 to 49); rose 6 mm. 

# to 1,000, 2 c.:c. (68 to 74). Heart slowed from 
' 47 to 42 beats in 10 sec. 

as onc cwecs ksnscusdetnenswmewsanensanems's | 

Reis 220. 6 Lis oi. oc on cae ccccccccanaccnuvewcusadwe | Fell 17 mm. (69 to 52). Heart 
to: 1,000; 2c. c. slowed from 52 to 49 beats in 10 

sec. 

RINNE tiga coo. vw sons gaccnceneseeausdvsniesesbnnns : 

ACM hUGhieiisnis..'>.-52-----.---.' Le antes dees eat eed Naan Rose 19 mm. (89 to 108). 
1 to 1,000, 2 c. ¢. 

EXPERIMENT 214.—HARE, 2.86 K. URETHANE AND CHLORAL; CURARE; VAGI CUT. 

CSG INNES ic cede a ve ee eee rere Fell 35 mm. (from 118 to 83). 
1 to.100,,2.¢. ¢c. 

ITT UMRN aia. < civ le oo ooo oc we cnc es eae edenls on nce oe Fell 91 mm. (from 124 to 33). 
1 to 5,000, 0.3 c. ¢. 

MII EEOTIBOY SC TIOHINIC 5. says ie ce en eee we ce cee nnenceeesenss Rose 77 mm. (from 112 to 189). 
0.9 per cent, 0.4 ¢. ¢c. 

ZZ(CHs)s3 
14 ON Peat oho soso = cnc miss «Ma onininisinieiereie cis ners iota Fell 62mm. (from132to70). (Re- 

CoH4Br mained low for some time). 
Itod00; Le: c. 

IT CRE MVE EMOTO «5.5 Koa m se stcnw tee sedecccessnndesdnucn Rose 100 mm. (from 84 to 184). 
, 0.9 per cent, 1c. c. Heart rate increased from 38+ 

to 431% in 10 sec, 

40 | Acetyl-choline..........-. DAV sandduise touts Ae Rae eee sa see Fell 22 mm. (80 to 58). 
1 to 500,000, 1 c. c. 

Se ACO UMENSTEPNAUC Wy. 22 <2). -s- pa ewe anicecccnscascesauess 
10 mg. 

eC Uhl CHROMITE es © sats fc as, cig oc a sac cicecciais osicitece anc seaiges si No change. 
1 to 5,000, 0.4 c. ¢. : : 

54 | Benzoyl-choline ............ ete aaa cruitaidh aera ene tea Rose 68 mm. (74 to 142). 
0.9 per cent, 0.4¢.¢. 

ZA(CHs)s3 Y 
em I CR rete sere te 2 Sch cae ae oeceoebectietoeeenmees Rose 56 mm. (79 to 135). 

\ceHsBr 
L toro; dic.ie. 

SEMEN INGUIN Wee es es 6S wel ccS eu Ger hea aace ccc cecbeess Rose 48 mm. (87 to 135). 
i tonlOo; 2c: ec: 

1L))| SLOT a2 C0) a ae ee j LS ARS MN ie LE Fell 34 mm. (90 to 56). 
(Stimulated for 10 sec.) 

Z(CHs)s A : 
r Me Brien cia eetaiatajatwa~ 2 sinia wae Wars ot atunia ea siereie cies mioyeis Rose 61 mm. (85 to 146) 

24 CeoH,Br 

1to 100, 1c¢.c. 

LORELEI OTT US Pe SO Fell 54 mm. (146 to 92). 

PMID TRCN OME Cy ere a isicleie wo clas cic ates saicisan cates game science Fell. 
(Stimulated for 20 sec.) 

BPMN MG LIT IRICEN to ere a8 in Ms naa ole aleeels aaldeaie eos secs Rose 61 mm. (61 to 122). 
HO 100; 2c. 'e. 

SEMI TIECRNO Me te ot Weal cide ao cialeia'a el qanele'ecime cee seas ches Fell 64 mm. (122 to 58). 



EXPERIMENT 218.—RABBIT, 2.15 K. URETHANE AND CHLORAL; CURARE; VAGI CUT. 

Time. 

H. m. 
1 28 

35 

49 

21 

25 

EXPERIMENT 220.—RABBIT, 1.55 K. URETHANE AND CHLORAL; CURARE; VAGI CUT. 

2 53 

55 

14 

EXPERIMENT 221.—RABBIT, 2.75 K. URETHANE AND CHLORAL; CURARE; VAGI CUT. 

25 

39 

42 

86 

Compound. Blood pressure. 

Propionyi-chaline ...... ...-2-jsanhemnalncke ace eee eee Fell 26 mm. (78 to 52). 
1 to 10,000, 1 ec. e. 

iso-valeryl-eholine.... io. 2.cc0 00 she be as'emaesewe tee menaanaes Rose 61 mm. (75 to 186). Hee 
; 1 to 10,000, 1c. e. slowed for a few seconds. 

Phenyl-propiony!-choline =. 2.0... ¢-.cs cece ete sae eee ee Rose 87 mm. (83 to 120). 
1 to 1,480, 1 ¢.c. 

Chpline tactabe <<... 05-1 se. eee new ease keane gee cmehes Fell 20mm. (76 to 56). 
1 to 100, 1 c.c. x 

COMBS CAMPNOTALE . .......- <6. -eanes orice y cee eee Fell 16 mm. (74 to 58). 
it0°100; Licse; 

Prepay nalime so. tien ona nk os bos ou ce cee oe pees eee Fell 28 mm. (84 to 56). 
1 to 10,000, 2 c. e. 

ACTOPINIG /SUIMUAUC net sere ce oe acces coset Ome Eee Meee 
10 mgm. 

pare rivtevchyg Cleric like) Sis ae eo ee ieee oe A. Sele 0. 
1 to 10,000, 1 ¢. e. 

PE PODIGH WAN NUGEGS an nthe toa onlin se nie pitene eee Rose 49 mm. (88 to 187). (Quick 
1 to 1,000, 1 ¢.e. returned. ) 

Phenyl-propiony-Choume oye - .0i6c wee ssc. Saee nate e ee Rose 64 mm. (93 to 157). 
1 to'7,000, 1 ec. c. 

Iso-valeryl-choline..............- Sahel cet tere isiciag Brees Eee 
1 to 1,000, 1 c. ¢. 

CholineWlaetate Ge sce oh nue sae ae nei dae euaswd as See 
1 to 100, Ie. ‘ec: 

Choline camphorate vacates 2 ioeack 4 ee 
1 to 1,000, 1c. e. 

PNG GMO NE ii. ong com anda godaraase ay ee ae ee 
1 to 100, 1 ¢..¢. 

ACLY]-Cholin Geen nee sere <) 155 noes ae acta ces Sa Sek oe 
1 to 50,000, 1 ¢. c. 

ATS ROC Het seat S aoers wm sent ee sats A ee 
1 to 100, 1 ce. c. 

IANCeLYI-ChOlUM eG 7S an occ ke cece sn cies ene on ee eee ae 
1 to 50,000, 1 c.c. (mixed). 

Acetyl Choline: 5s 2. oc co tyelce nk Pos oe ee Ree eee eee 
1 to 5,000, 1c. ¢. 

Pothalyvi-choline 2.25 iinet es eo ee ee ee eee 
1 per cent, 1 c.\c. 

ATIOVL-CROUIIG 5s ¢' pais v:0 whine cake Sacer ee ee ea eee eee 
i per cent, 1 'c..c. 

Suceinyl-choline. 205 ede ececkce cece hos eee eeee eee eee 
1.47 per cent, 1c. ¢. 

ACOPyleCNOUMNC 06 viciae sidcseeccus cue hee ee eee ee ene 
1 to 10,000 (?), 1¢.c¢. 

BUCTIMF-CHOLIG, «5.2. 00nuetasenes Raeawune et pane caw ane 
1.47 per cent, 1c. c. 

[| ACetyTCHONNG «20. in 220> 2 nee nueeanheeeeee aise Seer 
| 1 to 10,000 (?), 1 c.c. 

Rose 53 mm. (92 to 145). 

Rose 76 mm. (58 to 184). 

Fell 45 mm. (89 to 44). 

Fell 13 mm, (79 to 66). 

Rose 48 mm. (79 to 127). 

Rose 65 mm. (91 to 156). 

Rose 24 mm. (85 to'l09). 

Rose 24 mm. (84 to 108). 

Rose 40 mm. (83 to 123). 

Fell 29 (77 to 48). 

Fell slightly. 

Fell (from 94) to0. Animal d 

slowly to 54. 

slow and irregular. 
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EXPERIMENT 221.—RABBIT, 2.75 K. URETHANE AND CHLORAL; CURARE; VAGI CUT.—Con. 

49 

14 

17 

22 

11 

20 

24 

27 

28 

51 

58 

Compound, | Blood pressure, 

MIO os a wsisids cu dccesccvnanaccevdtesaceesecucces Rose 61 mm. (83 to 144). Heart 
1.47 per cent, 1 c.c. slowed from 81 to 15 beats in 10 

sec, 

sas eos gin aa c'sin wd bina boadmapeebeaacten de Fell 15 mm. (1038 to 88). 
1 to 50,000, 1 ¢. ¢. 

EE To oss Tan vin oda uwascacedbasdedcawas vel Souek Rose 35 mm. (103 to 138). 
1 to 10,000 (?), 1 c.e. 

IIE ate Sg ve di cae aa ie ccecedavivesadenenccaday Rose 68 mm. (95 to 163. 
1 to 50,00, 1 e.e. 

a nn cnwkue a cecee epee ta eoeae ee eeeee 
9mgm. 

a oe hice ae ncicans unaviedhutwnatcauaieedeniwawt Rose 35mm, (92to127). Returned 
1.47 per cent, 1 c.c. slowly. 

aetes PEM CPU OP ete oe cio ncn cis owe eiwis a cls diaclasvie ben cidchesece wad 0. 
1 per cent, 1 ¢c.c. 

Ta i aw win wwe he eucindaux daduenewanbee de Rose 70 mm. (66 to 136), 
1 to 200, 1 c.c. 

Te wok sect nawiewadeGumeacuwes Rose 63 mm. (39 to 102). 
1.47 per cent, 1 c.¢. 

SUEUR 0 oa of no ain's win sid w since be swuuieeeduceaceeh 
1.47 per cent, 1 c.c. Rose 43 mm. (84 to 127). 

eee reemnTeO OME UGE | oo. a aie oi oinin dwen de waesannceececcae 

Soaeaesing Men ernone erat cicict ct s.cio- eia'Sw ce MERE Se he coe oer ee see Rose 36 mm. (100 to 136). Heart 
tod: 000; 1 c.c. rate increased from 35 to 41+ 

beats in 10 sec. 

ROME MIAUOG. oo. ais a cde oc ciew nee scene esac wbeeseewuc Fell 40 mm. (102 to 62). 

Phenyl-propionyl-choline ake tere cpa ee ae eee Te ee ote Rose 14 mm. (98 to 112). 
0.07 per cent, 1 ¢.c. 

2A bo en eee rg Fell 8 mm. (98 to 90). 

EMeUVEDCOMlOMyI-CHOMNE! 25 cccc cecceces sdecabeacteseciee Rose 33 mm. (95 to 128). 
0.07 per cent, 1 ¢.c. 

EPMO GHOlMMers 2. Sec oS lececs age secdeetuaesceeaases. Rose 25 mm. (100 to 125). 
0.9 per cent, 1 c.c. 

EXPERIMENT 222.—HARE, 2.77 K. URETHANE AND CHLORAL; CURARE. 

SG EMME CIMOMMG pe lets aise de ccise clecsmecdascs seu ceanesoes Fell 48 mm. (92 to 44); rose 63mm. 
1 to 1,000, 1c. e. (92 to 155). Heart rate slowed 

from 47 to 11 in 10 sec. 

a REMI Gos oo hc gui nec cm cneceaes oacieecd ocmws cies nsie Fell 30 mm. (88 to 58). Heart 
1 to 200, lc.c. slowed from 41 to 23} beats in 

10 see. 

ERNE a. ons ik a duh, aisle dine wbe snidiammin wwreceare Fell 50 mm. (99 to 49); rose 27 mm. 
1.47 per cent, 1 c. c. (99 to 126). Heart rate slowed 

from 36 to 203 in 10 sec. 

RCE eMn UNCC ILO IIT Ce se tare isis araie sas ne oreiajediere cic nelesieeakiuarsisyecels'= Fell 44 mm. (100 to 56); rose 44 
to weO00; 1c. ¢. mm. (100to 144). Heartslowed 

from 36 to 20 in 10 see. 

IM MMNMECHOLIMG! cercicck 5-2 ciswicccaaceces ainecoe seen ceieme Fell 41 mm. (100 to 59). Heart 
1.47 per cent, 0.4 ¢. c. slowed from 36 to 31 in 10 sec. 

SUR REERE eee on coc as suo sieebianis wes ueawa sein vaca ek Fell 52mm. (98 to 46). Nochange 
1 to 10,000, 0.8 ¢c. ¢. in heart rate. 

Pee arOP ON yI-CNOLNG .. <2... 20 0c cennswavecesecaset Fell 28 mm. (118 to 90); rose 20 
1 to 1,430, 1 e. c. mm. (118 to188). Heart slowed 

from 37} to 14 beats in 10 see, 

SENT IPOMENITIO S656 co's cineca wes secu eeWecce wee bunseens Fell 41 mm. (118 to 72); rose 13 
1 to 1,000, 1 c.c. mm. (113 to 126). Heart slowed 

from 42 to 303 beats in 10 sec. 
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EXPERIMENT 222.—HARE, 2.77 K. URETHANE AND CHLORAL; CURARE—Continued. 

‘ | 

Time. Compound. Blood pressure. 

H. m. | : . 
2 9 | Phony! -acetyl-choline. . <0... .c5~cs220 ssn kake anes sae Fell 33 mm. (106 to 73); rose 43 mm 

1 to 2;000, 1c. c. (106 to149). Heart slowed fro 
42 to 14; beats in 10 see. 

1S | VaR ChE nn cei cnenescenynstngpe soos tage k eee eee ee | 

19) Phenyl-acetyl-cholines-<... 2.1.5 <2:s ewes aaeee See ee eee Rose 71 mm. (113 to 184). WN 
1 to 2,000, I c. c. change in heart rate. } 

29°) Phthaly)-choline s. cc.cc .c< = secs es ee ae eee Fell 18 mm, (107 to 89). 
1 per cent, 2c. ¢. 

S5:| Ino-valery]-choline. 5.2 00. 06 sn akon ee «ae Rose 66 mm. (106 to 172). Hear 
1 to 1,000, 1 ec. ¢. rate increased from 40 to 464 

10 see. 

$5) | (ANISVI-CNOMNG» <aiisiemseainns v'eivincd cee wens aoe onpieeeee eee Rose 47 mm. (100 to 147). 
1 to 200, Lc. c. 

Dp SUCCINVI-CHOMMNE!. fo ok scicwineis he oe csle Gyecre cemereom nee ees Rose 57 mm. (99 to 156). 
1.47 per cent, 0.4 ¢. ¢c. 

3. 20] Pheny)-propionyl-chioline ........ 2.0. cde yanetn ne een eee Rose 44 mm. (94 to 138). Hear 
1 to 1,480, 1c. ¢. slowed from 40 to 36 beats in 10 — 

see. ; 

Sb] Propiony1-@holine 222 5 bbs one ooo ok geen cece eee Fell 22 mm. (74 to 52). Nochange 
Decoy al UOe Atos Co in heart rate. 

EXPERIMENT 223.—RABBIT, 2.56 K. URETHANE AND CHLORAL; CURARE. 

il 47'|Benzoy)-chpline 2... .2. fees oe aoc he ree Se ee Rose 41 mm. (44 to 85). Hear 
0.9 per cent, 1c. c. rate increased from 29 to 3 

beats in 10 sec. 7 

BS | PhenylLacetyl-choling. . 22... ~ 0 <2uceecta ss = soee eee Rose 52 mm. (58 to 110). Hear 
i to.2;000; 1 cue; rate slowed from 31 to 20 bea 

in 10 sec. 

a2 6 |, Propionyl-Cnoline .. o.5.'2- penincnrcecint emacs ae ane eee Fell 28 mm. (63 to 35). Hea 
0.9 per cent, 1c. c. slowed from 29 to 203 beats in 1 

sec. 

13:| Pheny)-propionyi-choline ........ <5: -asscsceaveces nek = ener Rose 40 mm. (60 to 100). Hea 
1 to 140, le.e. slowed from 30} to 14 beats i 

10 see. 

Ty WeACet wire BONG oon as tsec a aaintecnasie ema E eee Fell. Heart slowed from 33 to 1 
1 to 10,000, 0.4 c. ¢. in 10 sec.; became irregular. 

SOL Suceiny1-ChOlIN Gyo cicmcyecss ones secle asec chen eee eee Fell 16 mm. (61 to 45); rose 1 
1.47 per cent, 0.4 ¢. ¢. mm. (61 to 74). Heart slowe 

from 30 to 26 beats in 10 see. 

29 | TOO-VAICTVI-CUOUNE, 5 écin aviation acisaanneentt mse «sin mele mepia Rose 54 mm. (63 to 117). Heat 
1 to 2,000, 1c. ¢. slowed from 36 to 15 beats i 

10 sec. 

DEH AD IeyL-CHOUMIe,. faidne wamsm odes udm = lene ae nels Gov sevdetoae kee Rose 15 mm. (44 to 59). Heal 
1 to 100, 1 ¢. ¢. slowed from 35 to 21 beats in 1 

sec. 

Be) PARE BUDD LS. - case cunipains aencaeyet ences anm tes BEE Aa ene 
§ mgm. 

ey MES LEZOM CMO MLN Ot nn clic ciac omen cts ee a canine soe cians =e emcee eet Rose 52 mm. (78 to 180). 
0:9 per cent, 1c. ¢c. 

POE eV ACELY I -CHOLMIIE o. s..o2casthec eck odccuk ebaickuhatsaccmat Rose 74 mm. (70 to 144). 
1 to 2,000, 1 c. c. 

Bia CO PIOMC L-COM ecco Ce sc eo ec nose ek teen te mbna cere iaemine Rose 40 mm. (58 to 98). 
0.9 per cent, 1c. c. 

47 | Phenyl-propiony]-choline ............... in Std setae arate Rose 66 mm. (49 to 115). 
Da yaou, LC. Cc, 
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' , EXPERIMENT 225.—RABBIT, 2.52 K. URETHANE AND CHLORAL; CURARE. 

me. Compound, | Blood pressure. 

-_ _— —_ 

4 m. ' 
MIMETWORGEY -CNOLING 66.205 cscs cccccccccccecccccacccccevcce: Fell 20mm. (112 to 92); rose 78mm. 
. 1 to 2,000, 1 c.c. (112to0190). Heart slowed from 

; 394 to 16 beats in 10 sec 

SumtnOnime Bilphate, 6 MEM ...........ccccccccccacecccsccece 

= 41 | Iso-valeryl-choline ................ SAeakttn Seeeeinuns onalas Rose 90 mm. (107 to 197). No 
1 to 2,000, 1 c.e. change in heart rate. 

MenMe AGINY IPROOLY)-CHONING .... 2.2... oo cee cence cee ccwennccccces Rose 55 mm. (103 to 158). 
1 to 4,000, 1c. ¢. 

Sune CG DreseOr BLIMU1Ated....... 2.0... c eee cee ec cceeences Fell 35 mm. (75 to 40). 

PP TNOMIVIMOCLY -CHOUNEG ..... 2... cee cece ese. accenwanecces Rose 59 mm. (86 to 145). 
1 to 8,000, le.e. , 

7 ES 
18 1 to 8,000, 1 c. ¢. Fell 35 mm. (77 to 42); returned 

: to 60 mm. 
Te ai has aids score sw buen vwie wenn sewaaplewess = 

a Rose 60 mm. (76 to 136). 
1 to 8,000, 1 ¢. ¢, 

BTA OOCTTI-OMOLUNG 22... 2. ce ence cence canccccnccencece 
1 to 8,000, 1 e. ¢. Rose 62 mm. (68 to 130); fell12mm. 23 . (68 to 56). 

muaepressor (stimulated for13sec.)...........-2..ceceessee 

Depressor (stimulated for 40 sec.)..................--. Soaag 
25 ; Fell 36 mm. (66 to 30); rose to 52 
Le SL a ee mm. 

1 to 8,000, 1c. e. 

man) wepressor (stimulated for 40 sec.) ............-----eneeeeeee Fell 46 mm. (78 to 32). 

Re eee eee ald Baran tareitaeate Rose. 

NE ad i cals lin ws Wie win ew en 4 ob id sin mda ele wo ee ono a cles Fell 56 mm. (90 to 34). 

SR MEEMMEEME oc So acus os oc = ann a dicp aces caceds cutee weed Fell 30mm. (63 to 33); rose to 44mm. 

42 ere PPACnn ee DICMINC PR ciate ssc cle < ce ccs sete eeu oak stew cede e tee. Heart slowed from 40 to 342 beats 
1 to 1,000 1 ¢. ¢. in 10sec. 

ECE ANAC ILONITT GC) ys cciaje o s:cic.ci> o.oo o cnjeia.ce als.e.viee cisidbciesemne ues Rose 28 mm. (68 to 96). 
1 to:1,000; 1 e..c. 

BEMETOMMOMYI-CHOUME). ..- 0. .co25 sce cee hee eee ccncccndecccccee Rose 22 mm. (47 to 69). 
EtG 1,000, 1'c.'c. 

PAROTOUM ECMO Ovetcci= onic crc bic ec mince ccc So wicie enc aciieinm cesses 

00 1 to 1,000, 1 ¢. ¢. Rose 19 mm. (43 to 62); fell to 43. 
Ee GE DTCSSON Sa j\0<sss os - 0c UR RE ca Pa ye tc aA RCA PEE, St LN 

EXPERIMENT 227.—RABBIT, 2.79 K. URETHANE AND CHLORAL; CURARE. 

Pneriv-proplomyl-Choline ...........s.sccs ese esccceccccces Rose 39 mm. (116 to 155). Heart 
1 to 2,900, 0.5 ec. c. rate slowed from 39 to 22 in 10 

: sec. 

MEE y-proplonyl-Choline -.......s..c 5. ccc es ees cccsseecces Fell 11 mm. (116 to 105); rose 35 
1 to 2,900, 1 c.e. mm. (116to151). Heart slowed 

from 35} to 18 in 10 see. 

BMIARO IOV I-CNOMMEG <5 .--.... cies sion wn’ s een cece sivecencescneeeece Fell 41 mm. (114 to 73). 
1 to 1,000, 1 c.c. 

LIC UN ee Soo Seo ce cabs otc aude edismelecnesiimaee Fell 25 mm. (114 to 89). 
PTO LOO e..c. 

40 Meeneugand atropine, §MEM..........--...ccecsceeececes 

a) Pheny!-propionyl-choline ..................---....-e--e0- Rose 82 mm. (93 to 125). 
: 1 to 2,900, 1 c.c. 

POTIFOGHOT BUMIUIATCE _ 2... 0a cece ee eect vemecweesaes Fell 27 mm. (80 to 58). 
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EXPERIMENT 227.—RABBIT, 2.79 K. URETHANE AND CHLORAL; CURARE—Continued 2 

Time. Compound. Blood pressure. 

H..m. 
Pheny]-propiony)-cholime ‘.. 2... .55<ca6uhennee meee ees : 

1 to 2,900, 1 c.c. Rose 28 mm. (76 to 104); re 
#6 to 87. 

DOPTeSSOT «2.2 -'o0 cee wen cn nee wee nee eee ee 

64 | Phenyl-propiony]-choline. .~..........5-==---ses sees ene ee Rose 22 mm, (72 to 94). 
2 102,900. 1"c.ic. 

DOPTESSOT 5 a ccucen'ne nics 3% woes ooec oe een ae 
58 [Fell 21 mm. (71 to 50); rose 3m 

Phenyl-propionyl-choline... ......- ....-.....s=: esos eee (71 to 74). 
1 to 2,900, 1c. ¢. 

EXPERIMENT 229.—RABBIT, 2.35 K. URETHANE AND CHLORAL; CURARE. 

11 417) m-Nitro-benzoyl-choline:= —....2 ac. <2seneee eee bee eee Fell 48 mm. (124 to 76); rose 
1 to 1,000, 1 ec. c. mm. (124 to 169). Heartslow 

from 38 to 20 in 10 sec.; irres 
lar. (Slight movements.) — 

bb") -m-Nitro-benzoy)]-cholimesce cose cest. aoe ene eee eee Fell Signe rose slightly; fe ] 
1 to 2,000, 1 ¢. e. mm. (104 to 30). 

12,,40.| m-Nitro-benzoyl-ebolime. | oo: occ casesc en sccee san ssee eee Fell 25 mm. (71 to 46). 
1 to 2,000, 1 ¢. ec. slowed from 56 to about sd ig 

sec. 

ig | Cinnamy)]-choline:, 2.260. cen eeeeee cee e eee eee Fell 13 mm. (43 to 30). 
1 to 1,000, 1c. c. slowed from 52 to 45 in 10s sec 

38 | Vagicut.c. sivcccnsecnsoceee ess GO een eee ee Cree Eee eee 

43: | m-Nitro-benzoyl-cholime®-=2 2... 5.ce oases ae ee eeLEe 0. 
1 to 2,000, 1 c.¢. | 

EXPERIMENT 231.—RABBIT, 1.9 K. URETHANE AND CHLORAL; CURARE. 

2, 43 | .m-Nitro-benzoyl-cholimese. ./...-2 2.4. <s5seee sehen ee eee Fell 25 mm. (98 to 73). 
1 to 4,000, 1 ¢. e. 

60 |. p-Nitzo-henzoyl-cholime o... 2. ..2P cao nee eee eee Fell 21 mm. (99 to 78). 
1 to 4,000, 1 ec. e. , 

654)" Benzoy)-choling,.....%...e- <2 oo: ee eet eee eee Fell 8 mm. (100 to 92); rose 
1 to 1,000, 1 c. ¢. mm. (100 to 125). 

58 | Cinnamyl-choline ....... Ages Seed dat Cee Fell 26 mm. (100 to 74). 
1 to 4,000, 1 ec. e. 

B.D) VERT CULE... sce ck come oases te cn Saath eens Oe eee 

Lb.) m-Nitro-benzoyl-choline@so.a.s--24-- eee eee eee Eee eee 0. 
1 to 4,000, 2c. c. 

18:| p-Nitro-benzoyl-choline oJ. <3 <0 2-5 aes seat see tee eee 0. 
1 to 4,000, 2c. ¢. 

221 BENDZOVI-CHONUME . cccciscace ovcecsaincis eee cele nie sees ’..| Fell 18 mm. (134 to 116); ros 
1 to 1,000, 1c. e. mm. (134 to 165). 

24) 'Cinmamiyl-cholime’<. 2 2eop ncn os cee eos coe eer eee ee Fell 26 mm. (187 to 111). 
1 to 4,000, 1 ¢. ¢. change in heart rate. 

Oo) ACrOpINe SUIPMALG, 8 WISI hose secon ee een ee eee 

AS || M-NULO-DeNZOYL-CHOMMOL cc - -crp aces ore ccteetem een ae rere 0. 
I to 1,000; 1c. e¢: 

AB | D-Witte-DORZOYL-ChOUNG....o. .c dnes ster newe Swen sneee eee Rose 24 mm, (117 to 141): 
1 to 1,000, 1 ¢. c. turned at once. 

BB‘) Renzoyi-choline .:../si-sc0:s ee eee Fell 19 mm, (114 to 95); ro 
1 to 1,000, 1 c. ¢. mm. (114 to 139). - 

BD | Cinmamy choline... sc. 0:c<siectseekanteee ourad eaten ee a Rene Fell 26 mm. (118 to 92). 
1 to 4,000, 1 c. c. 
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EXPERIMENT 232.—HARE, 3.01 K. URETHANE AND CHLORAL; CURARE. 

e. Compound, Blood pressure, 

| ——-————--. -—__ - --_-- 

enV OADOMZOVIGIOMUNG, ... 2a. ccucccevncccceccacesascecess Fell 58 mm. (102 to 44). Heart 
1 to 4,000, 1 ec. ¢. slowed from 27 to 21} beats in 

(i 10 sec, 

92 MeDULbrO-WENZOVI-CHOlING: .... 2.2... ccccccccccccccccveseccoss Fell 69 mm, (117 to 48). Heart 
. 1 to 4,000, 1 c.e. - slowed from 26 to 20} beats in 

10 see, 

ladon vs no kc ccae noccnncceisesgerntsad¢sncees Fell 33 mm. (107 to 74); rose 11 
1 per cent, 1 c.c. mm. (107 to 118). 

UNMET CoE ate GED oie tis wc swine ocinnccnccccccsvscereccacsuccus 

oan ao cos ones sce easiness stecmecenscens Rose 41 mim. (65 to 106). 
1 per cent, 1c. c. 

EXPERIMENT 235.—RABBIT, 1.75 K. URETHANE AND CHLORAL; CURARE. 

BPA GOG NCI ONTO o). <= 5 5 nae nw nce ncn s cence cccasssesdecemeecne Fell 25 mm. (88 to 63). Heart 
1 to 200,000, 0.4 c.c. increased from 32} to 39 beats 

in 10 sec. 

O00 | OS YSERA Fell 9 mm. (86 to 77). Heart 
to 200; Ee, ¢. slowed from 32 to 29 beats in 

10 sec. 

EI eS tals Sea ais div oo s c'ga ea Scene wvacnedsteacasecas 

NE TIENT ce os oie ce ee ened e cen enesccesnoccms Fell 24mm. (77 to 58). No effect 
1 to 100,000, 0.4 c.e. on heart rate. 

Ee ee ee ee Rose 73 mm. (27 to 100). 
1 to 50,000, 1 c.c. 

PIPE SEB eo Ne a -t55) «= ce leiois\cvcichuleie mtamitinjaia eine selena | 
1 to 50,000, 1 c.c. 

82 Rose 41 mm. (25 to 66). 
Neccad awmounwaicetyl-choline.... 2. 2c... 2.000. c cece cece. 

1 to 100,000, 1 ¢.c. | 

EXPERIMENT 236.—RABBIT, 2.29K. URETHANE AND CHLORAL; CURARE. 

ES Fell 33 mm. (96 to63). (Remained 
AStO200; ale: c. low for some time.) Heart 

slowed from 40 to 27 beats in 10 
sec. 

S2)| Benzoyl-choline-............. PE AR ne Ne ee ee ny Rose 26 mm. (66 to 92). Heart 
1 tod, 000; 1 ce. slowed from 36 to 283% beats in 

10 sec. 

BERETTA RC MOME Oye 1oc..o:2/s.0.--c icc vem snes via csmciecciccccccmaeceios Fell 51 mm. (102 to 51). Heart 
1 to 1,000, 0.3 ¢. e. slowed from 88 to 27} beats in 10 

sec. 

1) Crisagyeandlcloe) bh eee eee eee eee eee Fell 71 mm. (111 to 40); rose 39 
1 to 4,000, 0.4 ¢. ¢. mm. (111to0 150). Heartstopped 

for a few seconds, began to beat 
slowly, then increased to 373, 
then slowed to 18} in 10 sec., 

) then increased to 33. 

BE EWiivetl Choline. .........<....2-ccce.coee-pscecceveeeseee Fell 54 mm. (112 to 58); rose 46 
| 1 to 10, 000, 1c. e. mm. (112 to 158). Heart almost 

stopped; then beat at 15 per 10 
sec., then increased to 29. 

EPG Cn) = TRG) LTC 3,2) cro) co: atolw a/c! v's's\a!el~/a\slalelniw vte'slelalwialesiccielcmieele nis Fell 42 mm. (102 to 60). Heart 
1 to 50, 000, 1 c. c. increased from 28 to 33 in 10 

sec. 
DES CING TI Peer el oa aoe clase = o'aiv:s,0. 01k b.cis ersaidja senses ve C dence eae 

MTS SLUT O Uc es nie aici wienicinrccecscasn aaceicscimce= nese ues Rose 36 mim. (126 to 162). Heart 
UStOMOO, AG. eC: increased from 35 to 40 in 10 see. 
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EXPERIMENT 236.—RABBIT, 2.29 K. URETHANE AND CHLORAL; CURARE—Continued. 

Time. Compound. Blood pressure. © 

H, m. 
40 | Cinnamyl]-choline ’:.. 22: ..... 2... Sees coe eee Fell 19mm. (97 to 78). 

1 to: 4:000) 1 cic: 

43: “Anisyl-choline: .. .).......s.2seee-2 snes eee eee eee eee eee Fell 36 mm. (108 to 72). 
1to 100, 0.4 ¢. e. 

51 | -Ginnamyl-choline::...: 2... ine. ss<escccecs eee eee ee eee Fell 46 mm. (122 to 76). 
1 to 1,000, 1 c. c. 

5S) ma-Pt eT -Choline «obo. ssa casas ccncehas cee eee Fell 20 mm. (119 to 99‘: rose 8 
1 to 10,000, 1 ¢. e. : mm. (119 to 156). Heart rat 

not changed. 

A 16] Atropine sulphate.'8 me. :... 2.52... ce eeeeoe SS pele RARE 

241 Cinnamy)-choling.... 2... 2... -0.sa<5.2cns nee eee Fell 36 mm. (96 to 60). No effec 
1 to 1,000, 1c. ¢: on heart rate. 

28 | Vagistimulated.......... ee ee 0. 

Sp) | PA CGY L-Cholime). seas. occa ai cla «ogi cinre sion e eo ae Fell 28 mm. (96 to 68). 
1 to 50,000, 1c. c. 

48.) neButyril-cholimee teens. cote cee oe ccc cee eee eee tee 16 mm. (104 to 88); rose 6 
1 to 10,000, 1¢ e. 104 to 166). Heart slowe 

fret 54 to 23 beats in 10 sec. 

55' | Benzoyl-cholime sete merncce dsc at cca catws ss accede eee ene Rose 88 mm. (86 to 124). 
to O00; 15e7e: ; 

5.00: |PAmisyl-choline so. os .acesccc: scee eee tae oe cee eee eee Rose 89 mm. (85 to 124). 
1 to 200, 1c. ¢. 

EXPERIMENT 238.—RABBIT, 2.27 K. URETHANE AND CHLORAL; CURARE; VAGI INTACT 
NO ATROPINE. 

1) 14 | Cholines nts Aegha. are. idecand ete et ee Fell 12 mm. (66 to 54); rose 2 
1 to 100, 1c. c. mm. (66 to 100). Heart slowe 

from 388 to 27 beats in 10 sec. 

Z(CHs)s Fell 16 mm. (54 to 88); rose 4 
20 e BF ese ohne. 5 csig ciere aati en EE ACE eee mm, (54 to 99). Heart slowe 

CoH4Br from 38 to 263 eats in 10 see. 
1 to 200, 0.5 ¢. c. 

wes) CVO, Dh OC: Cee ee we rc ee Tae Re Tt Rose 25 mm. (40 to 65). Hea 
1 to 100, 1c. ec. slowed from 323 to 283 beats i 

10 sec. 

Z(CHs)s Rose 35 mm. (33 to 68). Heal 
24 cS Eels 2 ES Prom canis oncbet seaeeeehe seer ne slowed from 324 to 25 beats 

CoH4Br 10 see. i 
f to 200; -1"¢: ¢: 

EXPERIMENT 240.—RABBIT, 2.14 K. URETHANE AND CHLORAL; CURARE. 

MNRAS RC Ve GnNOTICG 2.2 x.c/5 4 ops ccres bos sence ba steiaicoat enineee Fell 28 mm. (104 to 76). Hea 
Lto, 100; 1.c% ic: slowed from 45 to 354 beats. 

10 sec. 

AZ| ARODUU VANE OMY C Yc aaron he ayaa de cineca cre maciae so uicciateeeeieete Fell 33 mm. (102 to 69). 
1 to 10,000, 1 ¢. e. slowed from 82 to 28 Patel in 

sec. 

Meee a | PLS Up TU L=CRLO MUL Gy 5 .roara’o sin 4 c1neibieicielais:e 4 Suverplom Bak eisai optaes eae 0. 
1 to 50,000, 1c. c. 

9 18 | Vagl cut........-0c-cen- aE or IE I Sra Ge ae 8c 

Hd | (ala CaJh hate 6,5 ae i a 2) OR a © RTE ee Ren rE eI 2 yA 5 Fell 17 mm. (73 to 66). Hea 
1 to 100, 1 c. c. slowed from 46} to 39 beats in 

sec 

AMER SCLAEV RTE cs snot besns. cicia’e Bt me iota Sire bist rok ae ince teint 0. 
1 to 10,000, 1 ¢. e. 

SBME A MOU LEe BPUIDMACE, ONG <ciccs doce. capek poe ealds Vie este eines eine 
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EXPERIMENT 240.—RABBIT, 2.14 K. URETHANE AND CHLORAL; CURARE—Continued. 
\ 

Er | 
1 to 10,000, 1 e. ¢. 

INS ie ehh rr ee 
1 to 200, 0.4¢. c. 

TPA COLVI-COOIMOE..- <0... .5..500000-- cee BT NT So Sree ete 
1 to 2,000,000, 1 ¢. ec. 

OO TALS Li 5 nr rr eee eye See 
1 to 5,000,000, 1 c. ec. 

1) ONE ROL rh re a 
1 to 20,000,000, 1 c. e. 

2 | GUNG eae ee ee SONNE fe Mote 
1 to 200, 1c. ce. 

PRMIPACOUVINCHOMING . - occ e bec cceeccccscndeacces i ee Ry ee ney ae 
1 to 1,000,000, 1 c. e. 

REIOEIRG AULINIALO, GING ... 2.2.2.2... enc cec eee cuseeecs 

ECHOING 5... 00s. - sees enn eccenc vencnentenessce- 
1 to 1,000,000, 1 c. ¢. 

I REPRINT OMMPRER EPR Sas 2 icc = win, < as. sisce d AaibiSid vies cwleclons actede weSeee 
MLO LA00, 1 G:C; 

SME POMONGLONOMUG .. 2 2. 6.2.5 ood eee nce eeneceacewende 
1 to 1,000, 1c. ¢. 

MPN CCUUI-CHOMMO Noo. 5 aco cs ce esc cde ce etde wee heassemascas 
1 to 50,000, 1c. ¢. 

YS 
1 to 12,500; 1 c..¢. 

0) OOS SE eS ee SOS LEN a, ee ae 
1 to 200, 1e.e. 

ME ANPEICNEL WEDMOIMDITTIG <b. 2 ee le ere cee nee eees 
iMtoZ00; Le. C. : 

SUMS ET OOMTM Or. <2 G amc os oe = Sek - wine cea she ncicinsue cesses 
1 to 10,000, 1c. c. 

PISS Ui TM CMOMMOG eo. s/ccviozcc.ck wecec secs ete secede sce s esc 
1 to 1,000, 1c. ¢. 

| MRT EV Tl HOMO C 3 oon cc ck sicic ss s\cc.cpatticlcniemd seme Semiec oees 
) 1eto.2, 000; 1c. ¢. 
' 

ETON HOLING 2... bo... ew ein eee wee ee hee peeees 
ito 200; 1c. c. 

yc co oso ys cabs de Soden esa eencvawewnde 
. PEO; 1. c.-e. 

84 ito\2;500; 1 ¢. ¢. 

Compound, 

MIME MURLMRIALNIUOTIICLO. fc nnn c wu dc aoc evacuecvicceccvevccecccdebeces 
1 to 100, 1c... 

Ee MMMMIRICHUDILGS Os). va esi wicid e/a sanwesvictaceuseevweaceauvewsius 
Lito 1,000, 1 c..c. 

RENAL EOSIN cas vein Gold. s'c.v i's neotiediensiewvanerescobveewes 
i t0:2,000, 1.¢.,c. 

Blood pressure. 

EXPERIMENT 243.—RABBIT, 1.87 K. URETHANE AND CHLORAL; CURARE; VAGI CUT. 

or Re A rc 9.50 UNE Sh Soi cos RR gy Dy 

eS er eee ee eer 

Fell 28 mm. (97 to 69); rose 10mm. 
(97 to 107). 

| Fell 22 mm. (100 to78); rose 22mm. 
(100 to 122) (slight movements). 

Fell 33 mm. (126 to 93). 

Fell 29 mm. (133 to 104). 

Fell 12 mm. (122 to 110). , 

Fell 18 mm. (120 to 102); rose 29 
mm. (120 to 149). 

Fell 32 mm. (112 to 80). 

Rose 40 mm. (81 to 121). 

Rose 15mm. (65 to 80). 

Fell 4 mm. (55 to 51). 

Fell 12 mm. 

Rose 52 mm. (65 to 117). 

Rose 40 mm. (68 to 108). 

Rose 28 mm. (56 to 84). 

Rose 37 mm. (49 to 86). 

Rose 38 mm. (46 to 84). 

Rose 15 mm. (37 to 52). 

Rose 12 mm. (36 to 48). 

| Fell 32 mm. 
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EXPERIMENT 246.—RABBIT, 2.6 K. URETHANE AND CHLORAL; CURARE; VAGI curt; NO} 
ATROPINE. : 

Compound. Blood pressure. | 

N i a BELITIC. 5 ooo: wo wne cess esse mace speneener eae aee Fell 2 mm. (114 to 112). 
c.c. : : 

Acotyl-Gholime «2. . 22.25 -0s0ennsansn tape acne ee eee eee Fell 5mm. (115 to 110). 
1 to 250,000,000, 1 c.c. 

Anstyiseholing. °...\..<--0<4scai-ccs-eaeet ee Fell 21 mm. (117 to 96). P| 
1 to 25,000,000, 1 ¢.e. 

Aettiyi-choline. -. 3. -idise disci -cimcss sot oe haeeeieees =e Fell 7 mm. (114 to 107). 
1 to 125,000,000, 1 ¢.c. 

midinged Ob ONIN 6 S3y=5 20422 ssn2daleae vee Fell 24 mm. (120 to 96). : 
1 to 100,000, 1 c.e. 

AROUVICBOUMR joi cbi iii wc va cian en otew 5 nese cient Fell 26 mm. (125 to 99). | 
1 to 100,000,000, 1 c. ec. + 

iSO-Bistyril-ChOlIMeG Sse sa- aes wc cos waren ce ace ee eee eRe eee Fell 18 mm, (122 to 104). 
1 to 100,000, 1 ¢.c¢. 

N-Bubyrll-euoOline yoo wcweie sn nono donee hacs eecent ete eames Fell 20 mm. (120 to 100); rose 10 | 
1 to 100,000, 1c.c. - mm. (120 to 180) (slight move 

ments). 

ACety]-CDOUNG, nom bss nce nes nes ociute anne nie ae eee meee Fell 16 mm. (86 to 70). 
1 to 100,000,000, 1 ¢.c. 

AGTONSUID: jac> ste sees cise cm wee tee hein &,cs suas cee ee eee Rose 40 mm. (78 to 118). 
1 to 200,000, 1 c.c. 

AGTeENG1IN: < sescsstes ators oS wate cleteiclep eae cet alecenameetine teens 
1 to 200,000, 1 c.e. 

Rose 10 mm. (76 to 86). 
Acetyl-cCholimes wc. - lice < ce onctnceclseecenecee ste eeecer etnee 

1 to 100,000,000, 1 c.c. 

Choline < ocak ene hccacs oknahet paste teen dees eee eee eee Fell 4 ar cn to 68); rose 6 mm 
1 to 1,000, 1 c.c. (72 to 78). 

n-Butyril-cholinels-c 5.7 cece cc coos cee eee ene Fell 7 mm. (67 to 60); rose 34mm 
1 to 50,000, 1 c.e. (67 to 101). 

iso-butyril-choline so... 22.25 eS ee ose eee eee Fell 12 mm. (68 to 56). 
1 to 50,000, 1 c.c. 

N-Butvru-cholinie: .so's os sccins seen eene bacon Meee eee Fell 8 mm. (66 to 58); rose 26mm 
1 to 50,000, 1 c.c. (66 to 92). 

EXPERIMENT 248.—RABBIT, 2.2 K. URETHANE AND CHLORAL; CURARE; VAGI CUT. 

10 47 

50 

52 

58 

1 1p 

37 

41 

AGETYI-CHO]ME? 3. e256 ctose ooh oe SB Ae xo eee eee Meera Fell 21 mm. (114 to 93). 
1 to 50,000,000, 1 ¢. e. 

SAIN G Aas wee eels eee ean Bette eo Molcle omtarciote te alciolaieleteeiereinte ctetereiate Fell 5 mm. (114 to 109). 
0.8 per cent, 1 ¢.c. 

ACebVA-CHOMME rs... asia vat ow ado decane rane cemeer aac eens Fell 16 mm. (112 to 96). 
1 to 100,000,000. 

BR oe vole eteeaeres hacnso a nic be ees heen ae Gee eee ata Rose 4 mm. (119 to 123); fell 
1iese: mm. (119 to 117). 

ACODVASCHOMING toe oc oes oa Sukie ece meee Cee ten ae eee eee Fell 15 mm. (180 to 115). 
1 to 100,000,000, 1 c. ¢. ; 

SAUNT ett ces pigcinin'e o:alvinreie' ee ciole wie wince a irwreth es etre ii reer 0 
iene 

SHIM Hiiat cere hn caicludswinhs vie wre din he wiaee aula mo lnieaieemeete re eens 0 
wee 

PCT OUIAUNNDS Sts aio. nie dciic ce wcte ste slarere tes eres eee oie raeme mene Rose 9 mm. (130 to 139). 
1 to 800,000, 1 c. c. 

AAG Wee sh owicls du de ee de ace GRRE S Se eee 0. 
i as 
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XPERIMENT 248.—RABBIT, 2.2 K. URETHANE AND CHLORAL; CURARE; VAGI CUT—Con. 

me. Compound, Blood pressure. 

.m. 
43 UMITSR OUI i garets dy dcrecicdisw cic vce scSewsaddescpleccweaesoen Fell 5 mm. (142 to 137). 
: 1 to 200,000,000, 1 ¢. c. 

INN Due og civ ds dnc dic ceuseencccdecesaneynceeswéer Fell 15 mm. (72 to 57). Heart rate 
1 to 2,500,000, 0.8 c.e. slowly decreased from 40 to33 in 

10 sec. 

ee Rose 39 mm. (49 to 88). Heart 
1 to 200,000, 1 c.c. rate slowly increased from 33 

to 40} in 10 see. 

ER RS te UC era's oc ce tac veceuiedivcscceenescealeascu ces 
1 to 2,500,000, 1 ¢.c. ‘\lFell 20 mm. (62 to 42). Heart 

43 : rate slowly decreased from 40 
ote 2000) oad! 258 S50 S ee a to 344 in 10 sec. 

1 to 200,000, 1 c.c. 

ie ss ooo os 6 ene yen een cee een ecensee de Rose 30 mm. (74 to 104). 
1 to 200,000, 1¢.c. 

eee Fell 42 mm. (57 to15). Heart rate 
1 to 2,500,000, 1 c.c. slowly decreased from 38 to 24, 

‘PERIMENT 252 (JULY 31, 1906).—RABBIT, 1.85 K. URETHANE AND CHLORAL; ETHER; NO 
CURARE 

ISIE DOMENIC yi wake ow clans ee eee ene nce wcweeses jer. Fell 18 mm. (106 to 88). 
1 to 100,000, 1 ¢. c. 

EE TPEMRIITR ac oa ce eo oo oe eS ened cc eniccesecs sone Fell 18 mm. (106 to 88). 
1 to 25,000,000, 1c. c. 

Ne Sh hi dnis n oc Sa ewe wee cnc cncusicn ce cecescsau~ 0 
hee, 

a3 | Acetyl-choline......... Se hacks est cee signi es Sale meee Fell 16 mm. (108 to 92). 
1 to 100,000,000, 1 ¢. ¢. 

SM IE HOD ONC CMDIIN Pee Yo) a: = <0) 3:0 an iniaie.a n aiaRiewinin le w ole mee niee snnieipieeicos Fell 10 mm. (110 to 100). 
1 to 200,000, 1c. ¢. 

aac wan esis nese we nec ete ses naccececnucnncss 0 
were 

é 

SNTS FUTIAN ETA ese ors, ciate i og afa's qe cml eiee meine oie aciviniein dels ease ae 0. 
1 to 500,000, 1 ¢. ¢. 

TO Noo awe were nis we mend co edcinncqcrecasconeeu> Fell 8 mm. (114 to 106). 
1 to 200,000,000. 1 ¢. ¢. 

ee ee 0 
Is Ge 

IE MUNN oo on ioc ew ee eee ccs cowie ee ccee cece sees Fell 21 mm. (103 to 82). 
1 to 100,000,000, 1c. c. 

SMO OMMECTCMIOTIGE 25 oc. 25. 2 oe oee eee cece cece ecese ..-| Fell 8 mm, (112 to 104). 
1 to 2,000; Ie. c. 

UPS ae CT GG Se a i Fell 30 mm. (108 to 78). 
ito wooo; c. c. 

eI ales aime ws. oasis en ey 5 Seas wasene aavnnne 0 
MERE 

I RIE trio Co x a nin o v.s oe seven bi sw amee sein ue ne =a Rose 39 mm. (106 to 145). 
1 to 400,000, 0.5 c. ec. 

MRC ROMER et MRA otc ciao aaiccais cmea we ccicmeasedewewssicsic 

53 1 to 1,000, 1c. c. Rose 26 mm. (105 to 131); fell 10 
SUEUR NE eeicire sb clois's vl oc nels ad ecctecwecie a Ra aisteeetusdle cigei mim. (105 to 95). 

1 to 400,000, 1 c.c. 

NT owe ano ce nh de Ween wet awtieweaesemenee Rose 49 mm. (98 to 147). 
1 to 400, 000, 1 c.c. 

Ee si ooh oink sw'eicie nsec Sa pemcaem bol nesens Fell 25 mm. (97 to 72). 
1 to 1,000, 1 c.¢. 
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EXPERIMENT 252 (JULY 31, 1906).—RABBIT, 1.85 K. URETHANE AND CHLORAL; ETHER; | 
CURARE—Continued, 

Time. Compound. Blood pressure. 

H. m. , 
S Dh) Ruprarenain ..\... 2265.5 .stewssmniis nes eaehiss pe area Rose 15 mm. (104 to 119). 

1 to 800, 000, 1 c.c. 

Oi Choline (eter i so Ooo. hse eee Fell 16 mm. (104 to 88). 
Lito’, 000, 1 ¢..¢: 

De SAI See oe Se cece St aeikcetic bs cae ee Sle eee Reteree enero 0 
esc 

BT |} ear NTN. oan in 6 = Scie bwin Siam le ehosanitees Fell 10 mm. (88 to 78). 
1 to 200,000,000, J ¢c.c. 

OES Sala Ore eo eae eee Ges Sek kalo cancsoux cic tieee me eee eee eee 0. 

Git) SACOLYE-CUOUMG 2. 2.5» sicls scenic etnis aceon ccs eens pee see Fell 23 mm. (84 to 61); rose 14m 
1 to 12,500,000, 1 c.e. : (84 to 98). 

8 EE OBO G (OR no Ere Swenie sa ateianic nema sic be eee Rie Reem Fell 15 mm. (88 to 68); rose 
1 to 500, 1c.c. mm. (83 to 94). 

Sk | PRU POWGN OM Oe Pett og oe ek wus c eucaens s SameRmemeeee ---| Fell 26 mm.(80 to 54) ; rose 24 m 
1 to 100, 1 c.c, (80 to 104). 

RE) Ac ety -eROMIN GS wins nn Sim am aye ose tee Pea ae eee Fell 18 mm, (73 to 60). 
1 to 12,500,000, 1c. ce. 

10") Atropine: sulphate, Gimer icc s2 5.20.35 cn sev kee eccseeee eee 

12 | SACEUYI-CHOMD Gre eacace=wanaca> lessee coos ta ace eee 0. 
1 to 12,500,000, 1 c. ce. 

254) Acetyl -Gholinge ss: occ. canaccs supeccswabscts see ee eee oe 0. 
1 to 250,000, 1 c. ¢. 

28--/ Acetyl-choline. 2. .o3.0s0--benessesceenwerbest cette Fell 35 mm. (93 to 58). 
1 to 25,000, 1 c.c. 

OO WV CCR GUS. on eae ais b ateem:s nine hitoneteener coast ae _ Rose 20 mm. (87 to 107). 
1 to 500, 1 c.c. 

a4) Atropine sulphate, 4 wiey oo... soe oe idee eee ee 

Sil ACEtYI-CHOMMEG =~ jicc ice simce coon soot donee een eee EEE eee 0. 
1 to 25,000, 1 c.c. 

AD | Avcetyil-chioline, feces. scnchas ed lov ence trlos eeu oe Beene Fell 15 mm. (47 to 82). 
-1 to 2,500, 1e.c. 

EXPERIMENT 254.—RABBIT, 2.11 K. URETHANE AND CHLORAL. 

12; 26 | Iso-Valeryl-choline:2- = ace sae once eee eee eee 0. Heart slowed from 47 to 
1 to 1,000, 1 c.e. beats in 10 see. 

Si | S-BUtyril-Ghoune:...,..t,- cs ces acne teaver eta tana: Bee eee ..| Fell 14 mm. (45 to 31). H 
1 to 1,000; 1 ¢.c. slowed from 44 to 34 beat 

: 10 sec. 7 

Bees ea dicts stale be es Roem Ueber Tee sti Nfoinvis Se eietelnes 

65 | D=BUbyTI-CHOMMNE.:- 22 cids aeites coe coh Seem oeeed aaa ae eee Fell 11 mm. (42 to 31). H 
1 to 1,000, 1 ¢.¢. slowed from 42 to 36} beat 

10 sec. 

B0 | 1s0-Vieleryl-choline |. .occceccc cones cot cee comma enenune 0. Noeffect on heart. 
1 to 1,000, 1 c. ec. 

SS.) 1e0-V Giervl-eROume 65. .6.0deb cise e es s.cs ee seal en eer 0. Heart slowed from 40— 
1 to 100, 0.5 c.e. beats in 10 sec. 

EXPERIMENT 256.—CAT, 3.4 K. ETHER; NO CURARE. 

12404 Nae TLHCHOUNG | ....< 0% sey eect es cee cect ee eee en Oe aoe Fell 14 mm, (132 to 118). 
1 to 100,000, 1 c.e. La 

£5} SRG RUPP ELIPCTOUNG. osc! ncn'n sale ee Since ewan Ae ee Fell 10 mm. (136 to 126). 
1 to 50,000, 1 ¢.¢. 



EXPERIMENT 256.—CAT, 3. 

me. Compound, 

mM. 
20) n-Butyril-choline .................. 

1 to 500,000, 1 c. c. 

nO 
1¢.¢c. 

SE MIUMENO a DatieweUdmddelss'save........- 
1 to 1,000, 1 c.c. 

BIDTIOUUNL Ge eet ite wwislele ccc asccccccccse 
Dtor2,000; 1c. C. 

48 | iso-Valeryl-choline................. 
1 to 2,000, 1 c.c. 

RET MNUOMNG) Sau obec ewe ns'sccencccccce 

SE IOMNG ...005....0..-..- Roe 
1 to 10,000, 1 c.c. 

StH BUCyrU-CHOMUNG. ......-.0i0--cc00 
1 to 100,000, 1 c.c. 

40 | iso-Butyril-choline................. 
1 to 100,000, 1 c.e. 

45 | iso-Valeryl-choline ................ 
1 to 10,000, 1 e.ec. 

1 | Atropine sulphate, 4 mg........... 

85 | iso-Valeryl-choline........... Boars We 
1 to 400, 1 c.c. 

40 | n-Butyril-choline .......... brajersinteys 
1 to 2,000, 1 c.c. 

a8 | iso-Butyril-choline................. 
1 to 2,000, 1 c.c. 

eejen-Butyril-choline ............--...: 
1 to 4,000, 1 c.c. 

EMIMOTOUIINC  cccieicae aictate sje ec oc nie e oc'es o's 
i to:200, Je: ec. 

me benzoyl-choline:......:.--..-..-... 
ito 1,000) he..c: 

58 | Phenyl-propionyl-choline .....-... 
ito 1,000; £.c.c. 

Baie Be ZOwl-CHOLING) :12. 6 oct... e eee 
1 to 50,000, 1c. ¢c. 

mini benzoyl-choline).<....2......-..--- 
1 to 100,000, 1 c. c. 

SNOT AL SALINE... 2.2. c ee eee en en ane 
MexG. 

MEIC MOUMO a = oc ciccce nec ccssccseececes 
1 to 1,000, 1 c.c. 

miei Benzoyl-choline .....-----..-.+.-+ 
1 to 100,000, 1c. c¢. 

| 35 | Phenyl-propionyl-choline ......... 
1 to 10,000, 1 c. ec. 

49 | Phenyl-acetyl-choline ............- 
i to 1/000; Ie. c. 

memiepenzoyl-choline ........-....---++-- 

4K, 
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ETHER; NO CU 

Ce ee 

ee ee 

er ee | 

Ce er ry 

RARE—Continued. 

Blood pressure. 

Fell 7 mm. (136 to 129). 

0. 

Fell 31 mm. (135 to 104). 

Fell 16 mm. (138 to 122). 

Fell 9 mm. (139 to 130). 

Fell 21 mm. (127 to 106). 

Fell 22 mm. (112 to 90). 

Fell 21 mm. (117 to 96). 

Fell 14 mm. (126 to 112). 

Rose 45 mm. (124 to 169). 

Rose 39 mm. (128 to 167). 

Rose 18 mm. (142 to 160). 

Rose 12 mm. (140 to 152). 

Rose 13 mm. (144 to 157). 

EXPERIMENT 257.—CAT, 2.4K. URETHANE AND CHLORAL; CURARE. 

1 to 1,000, 1 ec. e. 

64552°—11—_—7 

Se 

Fell 11 mm. (83 to 72). 

Feii i2 mm. (80 to 68). 

Fell 22 mm. (81 to 59). 

Fell 14 mm, (74 to 60). 

| Fell 12 mm. (73 to 61). 

Fell 11 mm. (738 to 62). 

Fell 10 mm. (72 to 62). 

Fell 14 mm. (75 to 61). 

Rose 11 mm. (80 to 91); fell11 mm. 
(80 to 69). 



EXPERIMENT 257.—CAT, 2.4 K. URETHANE AND CHLORAL; CURARE—Continued. 

98 

Compound. | Blood pressure. rime 

HT. m 
£2) Cinnamyl-choline ¢: 0.200%. sac nsNenercemersa sehen ween earmeee Rose 26mm. (75 to 101); fell11 mm 

0.84 per cent, 0.4 ¢. ¢. (75 to 64). Heartseemed to stop 9 
completely for a few sec., the 
beat at rate of 23} in 10 sec. (ha 
been 27). 

6.) Bens yi-cholinan i. jcc 2... 2k eso coe ep eae ee eee Rose 45 mm, (72 to 117). 
0.75 per cent, 1c. ¢c. 

LD)  BenmzZoyl-ObGling!: 4: ...6.01. ss... sdpvekeews veee peepee Fell 7 mm. (78 to 71). 
1 to 100,000, 1 ¢c.c. 

12h) Nommalisaline trace) tied. foc. 1.5 cp da A eee bee eeees Rose 5mm. (78 to 838). 
LeCsG. 

16) Cinmam vVI-GHoOUNG foc; cece bace cosh oo -b cee me cee eee Rose 25 mm. (82 to 107). Heart 
0.84 per cent, 1 ¢.c¢. slowed slightly. 

22\| Pheny)-propiony)-choline .2........ ...-s06 0s<<s--eeeeseeeees Rose 27 mm. (81 to 108). 
0.7 per cent,1 ¢. c. 

SD EVePLCUG BtTODINe 4p. Ace. : ccc. ce eee Se eie en cee 

49) Phenyl-acetyl-GHolme ese. te ccccecikisecee tcc eee eee Lees Fell a _ (79 to 75); rose 9 mm 
i per'cent, 1c. c. (79 to 88). 4 

52 | Phenyl-propionyl- choline a Ee ee ee ee seth a5 5 Ses Fell 7 mm. (64 t057); rose 10 mm 
0.7 per cent, 1 ¢.¢ (64 to 74). 

ba’) Cinnamyl-cholimec 20 do 2a nek ainlcis pheaee  REee Rose 6 mm, (76 to 82); fell 7 mm, 
0.84 per cent, 1c. c. (76 to 69). 

o9)'| Benzoyl-choline seis eke tee joc dei yoo me ne cee eee eee Rose 28 mm. (82 to 110). 
0.75 per cent, 1 c. c. ; 

5... 28.) Phenyl-acetyl-choline = ..)).0205. .2e-0..002 sees one eee Rose 23 mm. (85 to 108). 
1 per cent, 1c.c. 

6: GL }| Acetyl cholimet ier nose e ieee et Secs tee a cee Meee eee Ee Fell 23 mm. (72 to 49). 
1 to 2,500, 1 c.c. 

(SUPRA Tene sch. cecteh sac nme'e ca deranaecen eke eee 

Du oats Rose 25 mm, (58 to 83); fell 7 mm 
al (58 to 51) 

ACeLYI=-COOMMeL so Wash hee ook eee cee coon eee eee eee ? 
1 to 2,500, 2 c.e. } 

\(Suprearonp lim ti. St Ac. cen emacs cee eo ent eee 
1 to 80,000, 1 c. ce. 3 f Rose 8 mm. (54 to 62); fell 3 mn 

24 (54 to 51); rose 8 mm. (54 to 62 
Heartslowed from 243 to 20 bea 

Acetyl-choline aire a he as eit rreene in 10 sec. 
1 to 2,500, 3 c.c. 

20) SUprarena lim eee os 3 sie. co cre Pietseternsere esters ieee ee ees CREE Rose 24mm. (56 to 80). 
} 1 to 80,000, 1c. ce. 

66) Aes byine rian Seo ou R Go creanch el ndie ebhaend eer ae ah Ee Fell 13 mm. (54 to 41). 
J to’ 2,500, 1c. c. 

36) Acetylcholine st Ribs oP so Si isbn tojceaiarclaceelbuatan Aa nee Fell 24 mm. (67 to 48). 
1 to 500, 1e.c. 

BON A TROD URE | GAN cet. anise oe etaodiea seen ae ee A Seca I ah oth tel Mae 

41 | Acetyl-choline.............. ow lets s Cte ae ee eee eae 0. 
1 to 500, le.c. 

| 

EXPERIMENT 258.—CAT, 3.22 K. URETHANE AND CHLORAL; CURARE. 

h« 26.) m-Rie-penvorl-choline. ...i0:3 ewe sls soe sl hubeuteee ceecns Fell 16 mm. (91 to 75), 
1 to 50,000, 1 c. e. 

28: PENT a COOUNG ». lecusuekonawenawuicckaawsee bewrues 0. 
1 to 50,000, 1c. ec. 

2 2S" BOUZeseOHOUMG ole c sek cbersscer eres ceases Sdhaeeiss ee cutene --| Fell 20 mm, (92 to 72), 
1 to 100,000, 1 c. ¢. 



m-Nitro-benzoyl-choline 
1 to 50,000, 1c. ¢. 

p-Nitro-benzoyl-choline 
1 to 50,000, 1 ¢. ¢. 

p-Nitro-benzoyl-choline 
1 to 10,000, 1 ¢. e. 

Benzoyl-choline 
1 to 10,000, le. e. 

m-Nitro-benzoyl-choline 
1 to 10,000, 1c. c. 

Compound. 
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EXPERIMENT 258.—CAT, 3.22 K. URETHANE AND CHLORAL; CURARE—Continued. 

Blood pressure. 

| Fell 22 mm. (119 to 97). 

Rose 4mm. (114 to 118). 

| Fell 28 mm. (120 to 92). 

Fell 20 mm. (126 to 106). 

INN oars os cw wwe whence nce cueecntsdwensvoeee Fell 24 mm. (118 to 94), 
1 to 10,000, 1 c. ec. 

BRP IPOMEOVE-CUONUMNO . 22... 5. cece cece ne caceeceneuace 0. 
1 to 10,000, 1c. c. 

BveIPO-WEMEOVI-CHOLING | 2.2.2... eee new e en cewcecnnces 0. 
1 to 1,000, I RRO 

MAN OrO-MOMZOVl-CHOlIME: 2.2.2.2 .65..cccesccccaccccoccscece Fell 18 mm. (112 to 94). 
1 to 10,000, 1 ¢.c. 

SE a aos aan soc we Coa de coed ees -snctaen ower 

PIN EreepeMZOvl-GMOlLMEGs ec. ec cee ce eee ence cnn wcmees 0. 
1 to 10,000, 1 ¢. ¢. 

ArNTETO-DeNZOVI-CHOMME.... 2... sscsncie es cece ce cee cee een Fell 16 mm. (128 to 112). 
tO O00: Lc.c. 

einer PeNOUNG..... os. 2.2... 2 cecce ac ebcnssaedeaes 
0.74 per cent, 1c. c. 

m-Nitro-benzoyl-choline 
1 to 1,000, 1c. c. 

Benzoyl-choline 

Rose 26 mm. (128 to 154). 

Fell 24 mm. (130 to 106). 

Rose 20 mm. (132 to 152). 
07> per cent, 1c. c. 

m-Nitro-benzoyl-choline 
1 to 1,000, 1 ce. ec. 

Benzoyl-choline 
1 to 10,000, 1c. c. 

Atropine sulphate, 6 mg 

Benzoyl-choline 
1 to 10,000, 1c. ¢. 

m-Nitro-benzoyl-choline......... DRUMS? SPA teat 0 oN 
1 TOMO 000) Te: c. 

Benzoyl-choline. ...... 
1 to 1,000, 1 ¢. c. 

Benzoyl-choline......-. 
0.75 per cent, 1c. c. 

m-Nitro-benzoyl-choline 
0:3 per cent, 1c. c. 

p-Nitro-benzoyl-choline 
0.74 per cent, 1c. ¢. 

Accelerator nerves cut 

Acetyl-choline 
1 to 2,500, 1 c. c. 

Accelerators stimulated 

Benzoyl-choline 

| Fell 24 mm, (150 to 126). 

Fell 24 mm. (146 to 122). 

Rose 18 mm. (100 to 118); fell 18 
mm. (100 to 82). 

Rose 46 mm. (100 to 146). 

Fell 14 mm. (100 to 86). 

Rose 34 mm, (102 to 186). 

Heart slowed from 274 to 213 in 10 
sec. 

Heart rate increased to 27. 

Rose 103 mm. (30. to 133). 
0.75 per cent, 2 ¢c. ¢. 



EXPERIMENT 258.—CAT, 3.22 K. URETHANE AND CHLORAL; CURARE—Continued. 

100 vas eS 

Time. Compound. Blood pressure. 

H. m. 
24 | SUPFAPENA]IN 22.2) 20. neck ep eeie chh pen eee eee ewes Rose 52 mm. (42 to 94). 

1 to 50,000, 2 c. c. 

$8'| p-Nitro-benzoyl-choline «.. 2.5. stews sae eee eee Rose 10 mm. (38 to 48), 
0.74 per cent, 2 ¢. ¢c. 

EXPERIMENT 262.—CAT, 2.34 K. ETHER; CURARE. 

10 40 | Choline (methyl iodide process).a............--------00- Fell 45 mm. (from 153 to 108). 
1 to'1,000) Lee. 

434 Cholines(tika hil baum )) 23.8 sacsescc eck chee eee eee eee Fell 38 mm. (151 to 113). 
1 to 1,000, 1 c.¢. 

B25 Choliner(Gribler)) 22... seak occas sae Sear ee eee eee Fell 35 mm. (140 to 105). 
1000), Lei; 

Bc GR OMRPS (Gir) te weak < Mews bn akin Soe ye aemener lei ew union Fell 30 mm. (141 to 111). 
1 to 1,000, 1 c.c. 

ZZ(C3H7)s 
11 8|Cl < SP eet eckuktn Shien > > sekestn cmp heeeeee ..-| Fell 17 mm. (138 to 121). 

CH2CH,0H 
1 to 1,000, 1 c.c. 

ZZ(Cs5Hi1)3 
15 INC PT ore eee rt 0. 

CH2CH20H 
1 to 1,000, 1 c.e. 

vi (CHs3)2 F 

241 CIN —— Cp Bigg (180 ita accent Binnie mn ma ep eieaim ols raieia a. rete ee eee Rose 8 a (186 to 144); f 

\ CH.CH:0H mm. (136 to 97). 
1 to 1,000; 1 ¢..c: 

Z(C5Hi)3 
34 | CIN ing hs eS a ee ee Fell 7 mm. (130 to 123). 

CH:CH20H 
1 to 100, 1 c.c. 

Z(C3H7)3 
36 INC bbc VOL tale lin Fell 36 mm. (124 to 88). (F 

CH2CH:0H slowly and remained low | 
0.79 per cent, 1 c.c. sometime. ) 3 

Br | MOBOUNG (OPO) a. oo..85 aloe ecess Suite aera eesee See ee Fell 33 mm. (150 to 117). 
1 to 1,000, 1 c.c. 

ZZ(CeHs)s3 
12 00 < ere Pr ee REPEL a icp Oe Fell 17 mm. (150 to 138). 

CH2CH20H 
1 to 1,000; 1c. ¢. 

AA(CsHi1)s 
3 N hs Ste Rear ote el vetate ro capo toe ote are tote terete haters eral ReraereNe 0. 

CH2CH20H 
1 to 1,000, 1 c. ec. 

J \CHs)2 
T° | AOU a ge CSD) GP a os bcteldm ere mo men's oy ale bg wien ape ele SIE Se Fell 13 mm. (137 to 124). 

\\CH.CH20H 
1 to 1,000, 1c. ¢. 

OF A OMIN Gt crete bare oe sis crete senie ois este cutest miatete he Mier me ee ee me (2) = 
mg. 

25. Choline (methyliodideprocess) o5: snc vescese we ea eeieet oes Rose 67 mm. (109 to 176). 
1 percent, 1 ¢c:.\c. 

28 | Choline (egg) .........- so Dai eae COME eR ee eee oteee Sia ne 0. * 
1 per cent, 1 c.c. 

30 | Choline (methy] iodide process) ..............s.0...--s200- Rose 48 mm, (122 to 170). 
1 per cent, 1 c.c. 

BB | CMOS ATUOIED) sic hiss wanuviacineelnnpeas anes escwhinash ase ee 0. 
1 per cent, 1c.c. 
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EXPERIMENT 262.—CAT, 2.34 K. ETHER: CURARE—Continued. 

Time. Compound, Blood pressure, 

H. m. 
40 | Choline cdr _— DIOCESE) leak yay hic ube sauiee 40 ss Rose 72 mm. (104 to 176). 

1 per cent, 1 

ECE) 0. 
1 per cent, 1 c.c. 

ee 0. 
1 per cent, 1 c.c. 

wmonoline (methyl 1odide process) .........-cccceecuccsccccus Rose 60 mm. (102 to 162). 
1 per cent, 1 c.c. 

ZZ(C2Hs)3 
- 3 Pree ia dictaie'o sixita a als nid aieiele. Seite eam aed ag Rose 8 mm. (96 to 104). 

CH2CH20H 
0.87 per cent, 1c.c 

: _ZA(CsH7)2 
i ing SC RIA aia cial letaic dw adie iets a/ain atta camara eitialare.aw ¢ Rose 7 mm. (103 to 110). 

CH2CH2,0H 
| 0.79 per cent, 1 c.c. 

J \CHs)2 
OB ET TTAUIBO))! Piss ccc one oc cccccestccceeeccccstececcccess 0. 

\CH:CH20H 
| 0:87 per cent, 1 c.c. 

21 ares ae te PROCESS). occ c le cauds den tccteera ss 0. 
1 to 100,1¢ 

PLL CHTIC EO MON eo ii= ccinieiscs oc 2s Gace obs beac Secs eco Scie caer Rose 59 mm. (97 to 156). 
1 to 1,000, 0.4 ¢. ce. 

EXPERIMENT 264.—CAT, 2.04 K. ETHER; CURARE. 

fo? | Choline (chlorhydrine method)..................---:.---- Fell 18 mm. (135 to 117). 
Mitowl-000; 1 ¢..¢. 

ITT ERNPERR NGL. ie moos cos acc aet cece cee c en eaqenecdasecncos Fell 15 mm. (135 to 120). 
1 to 1,000, 1c. ¢. 

ms | Choline (methyl iodide method) .......................-- Fell 138 mm. (131 to118). 
1 to 1,000; 1c. ¢c. 

Z(C3H7)s 
18 eee = oe eg nae aigal a teeta ee eh aap is =. Fee Fell 10 mm. (132 to 122). 

CH2CH,0H 
1 to 1,000, 1 ¢. ¢. 

ZZ(C2Hs)3 
22 ag eee eae ane ae eps eee Fell 10 mm. (124 to 114). 

CH2CH20H 
2500) 2-000; 1c, c. 

Z (CsHi1)3 
im 1 1 . Ie Sct ee Tie feted eT eS Cs 0. 

CH2CH20(CH3CO) 
1 to 1,000, 1 c. ¢. 

Z(Cs5Hi1)s3 
18 & LOE Sey een: Fell 6 mm. (84 to 78). 

CH2CH20H 
1 to 1,000, 1 c. ec. 

J \CHa)2 Fell 17 mm. (81 to 64); rose 24 
Oe tS) ln ee poten nae ae mm. (81 to 105). Heart slowed 

\ cH:CH20 (CH3CO) from 26} to 223 beats in 10sec. 

1 to 1,000, 1c. ¢. 

ee) Acetyrenoline. .............-...-....-- Hh PS Sr chai tice. e tree Fell 24 mm. (74 to 50). 
1 to 10,000,000, 1 c. ¢. 

me 4) Acetyl-choline...........-....-.-. Seg HE, FPL TR ately RL Fell 28 mm. (82 to 54). Heart 
| 1 to 100,000, 1 c. e. slowed from 25 to 21 beats in 10 

sec. 

| Z(CoHn)s Fell 17 mm. (80 to 63). 
20 oS RRR CE coc eee ene taweb checkers Kae 

CH2CH20(CH3CO) Rose 26 mm. (80 to 106). 
1 to 200, 1c. ec. 
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EXPERIMENT 264.—CAT, 2.04 K. ETHER: CURARE—Continued. 

Time. Compound. Blood pressure. 

. m. 
SS ) Awoetyl-choline .. .. . oil. cas decent ee enaecee eye eee Fell 45 mm. (100 to 55). 

1 to 100,000, 1 c. ¢. ‘ 

oS.) ASetyl-Gholine. 2 .:: .325- ot nose 3s foo 0s 4 oe eee Fell 24mm. (96to72). (Returne 
1 to 10,000, 1 c. ec. subcut. slowly.) 

a5} Atronige SUIPN. .- 2.6008 ecco ocsoseh st as teres eae eee 
5 mg. 

AS || AWOCtY ECHOING 2.08). Boece cscs de ot eee sso eee 0. 
1 to 100,000, 1 c.e. 

Z(CsHi1)3 ) 
54 | Cl h didy a taeiiess aeuane agk i herenee Rose 6 mm. (63 to 69). 1 | 

CH2CH20(CH;CO) 1 | 
1 to 200; Lc..¢. 

2) 2 ns ReIE) Rigi a cat welbiees «cides oe eemes Rees EEE Rose 5 mm. (78 to 83). 
P 1 to 200, 1 c.c. 

5} Choline (methyl iodide process) ..:.... 2208.2. cese sks toe Rose 42 mm. (78 to 120). 
1 to 200, 1 c. c. 

12 | Choline Se re MEOCESS) inn. fia. oo oee eee eee Rose 6 mm, (80 to 86). 
1 to 200, 1 

16:| Choline (methyliodide process). ... 2555... saci saenctecewcwe Rose 35 mm. (79 to 114). 
1 to 200, 1 c. ¢c. 

WA (CHs3)2 

2271 COUN CoB iS) (Ale dob Fe cmon tacos uie'ce'e ou sae eek weemenet 0. 

\CH2CH20(CH;CO) 
ss Cent ec: 

Z(CoHs)s 
29 << Te vt aires aed ete Cee ee ee 0. 

CH2CH20H 
0.87 per cent, 1c. c. 

WA (CHs3)2 | 

Be | CLM — Cee pec en ai tedccrde mead ecoeee Ree sae ae 0. 

\\CH2CH:0H J 
0.87 per cent, 1c. c. 

EXPERIMENT 266.—DOG, 11 K. MORPHINE AND CHLORETONE; VAGI CUT. ATROPINE. 

; 
A237) DOMA0F -CBOMNIC 222250. cp tects ented come ares eae eee Rose 46 mm. (112 to 158). 

1 to 500, 1 ce. e. 

LY 47): CHONG CRB) Peete a cc aees stro ceas ee ne eee ee eee Rose 20 mm. (83 to 103). 
1 to 200, 2c. c. 

49 | Choline (methy] iodide process)........-.. Pasa ae © re roieene ge oe Rose 72 mm, (82 to 154). 
1 to 200, 2c. c. 

12) O0") ‘Choline yeep) Pa ereee sciicse oes ee ntec ee So eee a eee ee Rose 46 (118 to 164). 
1 to 100, 3c. ¢. 7 

33) Choline (methyl iodide process).....................------ Rose 27 mm, (112 to 139). 
116 200; Ve. e: 

EXPERIMENT 267.—CAT, 3.17 K. ETHER; CURARE. 

10, 41). (Oh elinie (ema st seca ey Atos cases tevden sete een ae Fell 17 mm. (137 to 120). Hea 
1 to:1,000, 1 ¢c. c. increased from 34} to 87 in 10se 

43 Cue (Dy methy] iodide process); ser. sc.assse-eehe sre op Fell 19 mm. (187 to 118). 
1 to 1,000, 1 c. e. increased from 843 to 874 Pe 

sec, 

fv \CHs)2 
Db) OM ee ah) | Fs ewan d ee ka Cae vibe recurs ce caee 0. 

\\CH.CH.0H 
10100, le. c. 
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EXPERIMENT 267,—CAT, 3.17 K. ETHER; CURARE—Continued, 
| we ers 
i 
Pa e. Compound, Blood pressure. 

. Mm. 
i 21 | Benzoyl-choline (methy! iodide process) Fell 31 mm. (108 to 77). Heart 
¥ EN ct) ee eR CER eRe ES slowed from 34 to 18 beats in 10 

sec, 
‘ 

SMUPEIRBOVI-COOUNC (685) ... 2... 2... cece eens cccccccccccaccecs Fell 19 mm, (112 to 93). Heart 
d 1 to 600, 1c. c, - slowed from 33 to 25 beats in 10 

e sec, 

ZZ (C2Hs)s 
28 ey Me ePaatt areRes si biate sven m viacaealttotarcteloe Ae Sie Sees Fell 31 mm. (117 Lo 86). 

CH2CH20H 
0.65 per cent, Lc. c. 

_._ A(CeHs)s 
88 cINa 

\\cHiCH20 (Ce6HsCO) 
a 0.844 per cent, 1c. e. 

2 (C3H . 
45 cwZ | ys 4 ORL Rt ibe Dak, pba herb Aad 0. 

\cH:CH.OH 
0.81 per cent, 1c. ec. 

ZZ(C3H7)s 

ea H2eCH20(CsHsCO) 
0.71 per cent, le. ec. 

ZAA(CsHi)s 

\cmsenocsn.co 
1 to 500, le 

S gisieore is Siete ina ola al aetna stile tate etedaemte Fell 10 mm. (115 to 105). 

48 

slowly and remained low; heart 
slowed from 28: to 203. 

{ak 45 mm. (123 to 78). Fell very 

11 | Atropine, 5 mg 

ZA(C2Hs)s ; 

\\cH:CH.OH 
0.65 per cent, 1c. ce. 

Z(C3H7)3 
ey aha sate Is SA ios chu tte eee hertin «ele erate ore Fell 20 mm. (106 to 86). 
’~\CH2CH20H 
0.81 per cent, 1c. e. 

19 | CIN 

im 4 weenie etek Pe PROCESS) . 232.52 acu oe) 3 fous Beers Rose 16 mm. (140 to 156). 
to 100, 1 

CH3 

IE tM G5 oo we os sono dels cn odaniesdacaeaaaces 0. 

\CH:CH2OH 
ito 100; 1 e:-e. 

: Zz (Ce2Hs)s 
cinZ' ¢ 

\\cH2CH20CsH;CO 
0.844 per cent, 1 ¢. ec. 

Z (C2Hs)s3 

\\cH.CH.OH 
0.65 per cent, 1c. c. 

Zz (C3H 
33 | CINC oe 

yas eee Neaee PaaS os Serad eae ee eet MeL Oe LO Loy: 

Be iat cain Soeks ee Ecce pmcones wees Fell 25 mm. (165 to 140). 

Pe eat alotsla' = Wreities nie stays Gave eye eieatore osceese-----| Fell 36 mm. (170 to 134). 
\\cH:CH:0H 
0.81 per cent, 1 c. c. 

Z(C3H 
_ 84 cinZ ' enh SHAS AGS Sete cieyae etc yet ae one aie teas Meee Rose 8 mm. (170 to 178). 

: \CH2CH20(CsHsCO) 
0.707 per cent, 1c. c. 

J \CHs)2 

53 | CIN—CsHi 

\CH2CH20 (CeHsCO) 
0.666 per cent, 1 ¢. ¢. 

LSS tte Rh: RS aE OE ee Fell 20 mim. (162 to 142). 



104 

EXPERIMENT 267.—CAT. 3.17 K. ETHER; CURARE—Continued. 

Time. 

H. m. 
54 

58 

2 8 

[In this experiment the effects of solutions prepared a few minutes before their injection we 

compared with those of solutions made 2 days (February 4) and 21 days (January 16) previously.] 

12 27 

29 

37 

39 

42 

12 43 

47 

49 

57 

58 

11 

13 

1 23 

41 

Compound. 

CIN—CsHu 

\\CH2CH20H 
0.86 per cent, 1c. c. 

ZA(CsHi1)s 

Ji \CHsa)2 | 

CL: Ra gee A a a ca bce ee ete a renal 0. 
ee 
1 to 100, lc. c. 

Z(CsHi1)s 
No Cl 
\cHsCH:0 (CeHsCO) 
0.93 per cent, 1c. ¢c. 

we ee eee 

EXPERIMENT 268 (FEBRUARY 6, 1909).—CAT, 2.82 K. 

Choline (egg), fresh 
1 to 1,000; 1 ec. c. 

Choline (egg), old (1/16) 
1 to 1,000, 1c. ¢. 

Choline (methyl iodide), old (1/16) 
EtO1,000; die. e. 

Choline (methy] iodide), fresh 
1 to 1,000; 1c. ¢. 

Choline (methyl iodide) (2/4) 
tom 000) Vere: 

Curare 

Choline (methy] iodide) (2/4) 
1 to 1,000, 1c. ¢. 

Choline (chlorhydrine), fresh 
1 to 1,000, 1c. ¢. 

Choline (Griibler’s), old (1/16) 
1 to 1,000, Le. ec. 

Choline (Kahlbaum’s), old (1/16) 
LE tOM OOO ee: 

Choline (Ggs)Hres ss oso cjoseucs tou nces se eee eee eee 
1 to 1,000, 1 c. c. 

Choline (methyl iodide), fresh 
1 to 1,000, 1 c. ¢. 

Choline (chlorhydrine), fresh 
L071 ;000) 1... 'c; 

wee | 

\\cH,CH,0H 
0.81 per cent, 1c. ¢. 

ZA(C3H7)s 

\\cH.CH20 (CsH5CO) 
0.71 per cent, 1c. c. 

fi \CHa)2 
CIN-——Oghin(4s0)*) PF keesiccmbee sean cemowian mem samenies 

\\CH2CH20(CsH;CO) 
0.67 per cent, 1c. c. 

fi \CHa)e | 
CIN—C;H11(iso) 

\CH.CH.OH 
1 to 1,000, 1 ¢. ¢. 

Blood pressure. 

Fell 31 mm. (164 to 183). 

ETHER; CURARE. 

Fell 20 mm. (110 to 90). 

Fell 18 mm. (110 to 92). 

Fell 19 mm. (99 to 80). 

Fell 19 jane (104 to 85). 

Fell 10mm. (100 to 90); rose 22mm, | 
(100 to 122); slight movements. 

Fell 12 mm. (94 to 82). 

Fell 9 mm. (103 to 94). 

Fell 12 mm. (100 to 88). 

Fell 5 mm. (101 to 96); rose 7 mu 
(100 to 107). 

Fell 5 mm. (104 to 99). 

Fell 11 mm. (97 to 86). 

Fell 6 mm. (95 to 89). 

Fell slowly 9 mm. (82 to 78). 

Fell slowly 16 mm, (90 to 74), 

Rose 17 mm. (76 to 93). 

Fell 11 mm. (72 to 61). 
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EXPERIMENT 268 (FEBRUARY 6, 1909).—CAT, 2.82 K. ETHER; CURARE—Continued. 

Compound. Blood pressure. 

m| (CHs)s 
49 | CIN—C,;Hn 

7 \CH2CH20(CH3CO) 
1 to 1,000, 1¢. ¢. 

Z(CsH11)3 
No 
\CHCH20 (CH;CO) 

< 1 to 500, 1 c. ¢. 

Medea tesaudadecdsatedsde tad detda sd Fell 22 mm. (89 to 67). 

ES 
5 mg. | 

i 0. 
7 Lito 200, 1.c..¢. 

aconolne (methyl iodide), fresh ....................2e.-eee- Rose 21 mm, (60 to 81). 
Eto 200; 1 ¢c..¢. 

mmmenoline (ehlorhnydrine), fresh ..............--c-.ceccececes 0. 
1 to 200; 1 c. ¢. 

Sonolunme (methyl iodide), (2/4) ................ceeeenee canes Rose 34 mm. (70 to 104). 
1 to 200, 1c. c. 

SS ee 0. 
1 to200) i) Gc. 

Z(C3H7) 3 

\cH.CH.OH 
0.81 per cent, lc. c. 

Z(C3H7)3 
57 | CIN@ | Ne AA Mile PT Ne Eee Dt: 0. 

\CH:CH20(CsH;CO) 
0.71 per cent, 1c. e¢. 

J \CHa)2 

ON EE ee a Fell 12 mm. (92 to 80). 

3. «3: | CIN—C;Hii(iso) 

\ CH2CH20(CsHsCO) 
0.67 per cent, 1 c. ¢. 

Be ree pedacisocncncccleen-ssacol SELL EL INR GR 0.77), 

EXPERIMENT 269.—CAT, 3.04 K. ETHER; CURARE. 

2 32 | CIN 
Z(Cs5Hi1)3 
AA FETS EER es ener a cate ey epee Teed Fell 24 mm. (109 to 85). 
\\cH2CH20(CH3CO) 
itor500) esc. , 

Ji \CHs)2 | 

34 | CIN CHu (iso) 
\CH2CH20(CsH;CO) 
1 to 500, 1c. ¢. 

J \CHs)2 
are 54 mm. (116 to 170). Heart 38 | CIN—C;Hn (iso) slowed from 40 to 28 in 10 sec. 

CH2CH20(CsH;CO) 
0.67 per cent, 1c. ec. 

Z(CHs)s | 
m8 | CIN Fell 22 mm. (106 to 84). 

\\cH»CH»CH:0H 
1 to 1,000, 1 c. e. 

ZA(CHs)s 

\\cH:CHOHCH; 
1 to 1,000, 1c. e. 

EIDE OS ee ee ae Fell 14 mm. (104 to 90). 
1 to 1,000, 1 ec. e. 

ZZ(CHs)s 

CH2CH2CH2,0H 
ito 1,000; le. c. 

10 | CIN Fell 10 mm. (108 to 98). 

16 | CIN Fel] 22 mm. (99 to 77). 
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EXPERIMENT 269.—CAT, 3.04 K. ETHER; CURARE—Continued. 

Time. Compound. Blood pressure. 

H. m. = (CHs3) 
«teed EEO Ae eps en na o.8 nearer eee ene ets et eee ET (Irregular). 19 | CIN 
\cHCHOHCH; 
1 to 1,000, 1 c.e. 

Z(CHs)s 
Cl 
<n 
1 to 100, 1 c. c. 

Z(C2Hs 
37 cinZ! ani he ieee ts ee acy rh ....| Fell 12 mm. (94 to 82). 

\cH:CHOHCH; 
1 to 1,000, 1 c.c. 

Z(C2Hs)s 
\cH.CHOHCH; 
1 to 100, 1 e..c; 

Z(CHs)3 

\cH:CHOHCH:C1 
1 to 1,000, 1 c.¢. 

ZZ (CaHs)s 

\cH»CHOHCH2CI 
1 to 1,000, 1 c.e. 

ZZ(C3H7)s | 

\cH:CHOHCH,C1| 
1 to 1,000, 1 c.e. 

Z(C2Hs)s | 
\cH»CHOHCH2C! 
1 to 100, 1c.e. 

Z(CsHn)s - 

\cH:CHOHCH:CI 
1 to 100, 1 e.e. 

ZA(C3H7)s 

\\cH»CHOHCH.CI 
1 to 100, 1 c.e. 

YB ots SS ee Seen rer mmemnre mec yr oa Fell 22 mm. (98 to 76). 

slowed from 33} to 25 beats i 
fa 28 mm. (88 to 60). Hea 

10 see. ; 

cs se a aaa ie a at oS Se NS Sie Pek eS Fell 20 mm. (99 to 79). 

72 ee): | ah RP One” See. cent Rperr rer mmrare Sree 2). die 2 Fell 7 mm. (105 to 98). 

57 

slowed from 35 to 27 peau 
10 see. 

59 | CIN 
[Pa 35 mm. (105 to 70). 

wet ccaceteseeceeerececcenavascectas| MUG. Id IikamCgttmy nee 

TN oh CE ee eee ne eee ee ee eee on? Rose 6 mm. (100 to 106). 

(CH3)2 

28S CUNG——CAni(inons 6 pincevsescnasccne ake penh woes Rose 12 mm. (100 to 112). 

CH2CH20(CsHs5CO) 
0.67 per cent, 1 ¢.c. 

22 Atropine elem seats Perales wttolere aes uiale a ome men Tonia nce ake Sees 
5 mg, 

Zi 
\cHsCHOHCH; 
1 to 100, 1¢.¢. 

Abe SCN OMMEE eee tee eens fo veae tue toes ose oR aly see eee Rose 16 mm. (130 to 146). 
Leto 100; Ie; 1c: 

ZZ(CHs3)s 

Mr ie ae ss ICO Bln Mant ieee eae Rose i9 mm. (124 to 143). 

AO CB See me Pomret yo tes Sai be ake word ec piesa Shep ansle eee Rose 8 mm. (132 to 140), 
\\cHCH:CH,0H 
1 to 100, 1 c.e. 

A(GH 
abide 1 POT Dee fea ok Onan me dy en Rose 6 mm. (152 to 158). 
\\cH.CHOHCH, 
AD veya ls ses WoT 

Z(C3H 
17 x7! seth i shle Biel uthueriese iota sedate aie sible ube ren. aoe ae Rose 6 mm. (146 to 152), 

\\cH.CHOHCHC! | 
LTO 1001 C.C. 
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EXPERIMENT 269.—CAT, 3.04 K. ETHER; CURARE—Continued. 

Compound. Blood pressure, 

ZA(CsHu1) 3 
Wie w hase seek nuehadactenech sane Fell 13 . (146 to 128). 

\\cH»CHOHCH:CI ae 
ito: 100, 1'c..¢. 

= A (CsHir)s ADEE TS I FOR felt 56 mm. (138 to 77). Returned 
\cHiCH20(CoHsCO) Rts very slowly. 

0.98 percent, 1 c.c. 

EXPERIMENT 270.—CAT, 3.47 K. ETHER; CURARE. 

Z(CHs)s 
\cH:CH20(CiHsCO) 
1 to 1,000, 0.4 c.¢. 

Z(CHs)s 
Cl 
aie (b,2.00) 
1:2 per cent, 1 c.c. 

CIN (methyl iodide process)......-. Fell 19 mm. (102 to 83). 

Fell 17 mm. (102 to 85). 

ito) 200; ee. c. 

Benzoyl-choline (methyl-iodide process) 
0:92 per cent, 1 c.c. 

COMM (CEST) | a a 
Ito 100; 1 c.c. 

Benzoyl-choline (methyl-iodide process) 
0.92 per cent, 2 c.c. subcut. 

Benzoyl-choline (methyl-iodide process) 
0.92 per cent, 1 c.c. 

vias ay are pias process) 
1 to 100, 1¢ 

Benzoyl-choline (methyl-iodide process) 
0.92 per cent, 1 ¢. ce. 

Atropine 
5 mg. 

Benzoyl-choline (egg) 
Be per cent; 1c. c. 

Benzoyl-choline (methyl-iodide process) 
0.92 per cent, 1 c.c. 

ee 

| 

ZZ(CHs)s 
camped BM itcaclecise Saude sag Gee eeuenS Fell 25 mm. (97 to 72). 

CH2CHeCH20H ; 
to 1,000; 1c..c. 

ZZ(CHs)s 
cINC PGS & Mey iid gil nana Rute ed Fell 18 mm. (94 to 76). 

CH2CHOH CHz3 
1 to 200; 1 c.c. 

NII age ae eds ck cde cca vues Fell 15 mm. (92 to 77). 
ito 2, 000; 1c. ce. 

ZA(CHs)3 
wa ON cic cia es Penal ea reeere mene e Fell I7 mm. (88 to 71). 

CH2CHOHCH.Cl 
1 to 1,000, 1e.e. 

ZA(CsHi1)s Fell 14 mm. (84 to 70); fell slowly. 
ee ONDE eC on TIE = Meer tee is ie Heart slowed from 25 to 21 
\CH»sCHOHCH3 beats in 10 see. 

0.69, 1 c.c. 

Z(CsHu1)s Fell 20mm. (86 to 66); remained 
See 8 ee Beh Bera OL 2 ee low. Heart slowed from 203 

\cH:CHOHCH:C1 to 16. 

Rose 81 mm. (48 to 124). Heart 
rate increased from 11 to 16 in 
10 sec. 

Fell 9 mm. (42 to 33). 

Rose 117 mm. (40 to 157). Heart 
rate increased from 10 to 163 in 
10 see. 

Fell 6 mm. (46 to 40); rose 10 mm. 
(46 to 56). 

Rose 37 mm. (47 to 84). 

Rose 12 mm. (40 to 52). No effect 
on heart rate. 

Rose 12 mm. (40 to52). Nochange 
in heart rate. 
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EXPERIMENT 271.—CAT, 2.48 K. ETHER; CURARE. 

Compound, 

omZ (OB 
\cHiC HO(CsHsCO) CH; 

isto 20051 e.7e: 

Z(CHs)s 

\cHsCHOHCH; 
Lt0'2005 1 cre: 

A(CHs)s 

\cH:CHOHCH; 
1 to 1,000, 1 ¢.:¢. 

yp CBs 

31 | CIN 

CIN 

\cH2CH»CH20H 
Ito 1,000; 1c: c. 

1 tot 000) ere: 

A (C2Hs)s 
ae 

CH2CHO(C6H5CO)CHs 
1 to 1,000; 1 c.e: 

Z(C3H x7! 3H7)3 

ays CH»CHOHCH3 
1 to 200; 1 ee: 

Ne ha 

\\cCH:CHO(CH;CO)CH, 
1 to 1,000,000, 1 c.¢. 

31 

35 

5 mg. 

ZZ(CHs3)s3 
40 << CIN 

CH2CHO(CH;CO)CH3 
1 to 1,000,000, 1 c. ce. 

nF Oss 

\\cH,CHOHCH; 
1 to 200, 1c. ¢. 

48 

ZZ(CH3)3 

1 to 200, le. ¢. 

Z(CHs)s 
\\cH.CH:CH.OH 
tO 100) Le xc; 

Z(CHs)s ! 
\CH2CH2CH20(CsH;CO) 
1.22 per cent, 1c. ¢. 

CIN 

0.92 per cent, Ic. c. 

ZZ(CsH7)s 
Inc 
\\cH»CHOHCH2CI 
1 to100, 1 c. c. 

Ea a 

\\cH.CHOHCH; 
Lito 100, Ve. 'c. 

eZ Ors 

\\cH.CHOHCH; 
1 to 100, 1¢. ¢. 

24 

31 

Ls US ean Fell 24 mm. (114 to 90). 

be eee Fell 39 mm. (110 to 71). 

IGIING pete a scout en es a aw'se 26 Me trys Ors. Fell 22 mm. (90 to 68). 

ea 'eisesaeteee Rose 5 mm. (78 to 83). 

ese Fell 26 mm. (72 to 46). 

Atropine: Ssulplate:-ce--. cece eee ecole Cree ee 

A SPP =e EF ata a ede es oe ee Fell 7 mm. (70 to 68). 
\\cH:CHO(CsHsCO)CH, 

Benzoyl-choline (methy] iodide process) ...... ars yey SiN Rose 33 mm. (69 to 102). 

reer Rose 6 mm. (78 to 84). 

sats icine ite Rose 8 mm. (82 to 90). 

Ito L000; Lieve: 

©) BONZOMLCNOUNC coe vs scl ne Veale os on eceecs et eee Fell 16 mm. (96 to80). Heart ra 

Blood pressure. 

(Fell 39 mm. (132 to 93). He 
rate increased from 41} to 444 
10 see. 

Fell 43 mm. (182 to 89). Heg 
slowed from 43 to 40} beats i é 
sec. 

increased from 37 to 40 in 10 se 

Fell slowly 22 mm. (94 to 72 
Remained low for some time 
Heart rate slowly fell from 38 t 
32 in 10 sec. 
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EXPERIMENT 271.—CAT, 2.43 K. ETHER; CURARE—Continued. 

Compound, | Blood pressure. 

ng Zoe 
x Marotta bode mire alo uh rents Sides tance algaanevers | Fell 6 mm, (84 to 78). 

CH2CHOHCH,Cl 
1 to 100, 1 ¢. ¢. | 

AA(CsHu1)s 

\cH.CHOHCH; 
1 to 1,000, 1. c. 

2 (CsA) 
52 ome ns 

\cH:CHOHCH.C! 
1 to 1,000, 1c. e. 

ie (CoHs5)3 

\cH2CHO(CsH;CO) CH, 
1.95 per cent, 1 c. c. 

Z(C5Hi1)3 
21 | CING BE Sn cc he ee Fell 17 mm. (77 to 60). 

\cH:CHOHCH; 
0.69 per cent, 1 c.c 

ZA(CsHu1) 3 

\cH:CHOHCH,C! 
Ltonw00; tes ‘c. 

AZ (CHs)s | 
\cH:CHO(CH;CO)CH; 
tone 000. 1 ¢..c. 

ET BSP ee Rose 11 mm. (79 to 90). 

kc cca cg accns comecccsceacuta | Rose 9 mm. (80 to 89). 

>, SSO ot PE ee I HS Fell 16 mm. (76 to 60). 

eee cee Fell 31 mm. (76 to 45). 

0) VBS vis) ria 00 els Er re 0. 

2 | ANG yerbaye SD) oo ie rr rr 
; 5 mg. 

ee ee er Rein ee yA Cy ..-.-| Fell 24 mm. (64 to 40). 
= (CHs3)s 

36 | CIN apd 
\cH:CHO(CH3CO)CH, 
Isto O00n dke.c. 

a ee 
7 mg. 

ZZ(CHs)s3 | | 
X\ Oi oie cree eet eran clans Se eee Fell 9 mm. (58 to 49). 

CH.CHO(CH;CO)CHs| 
1 to: 1,000, 1 c. ¢. 

40 | CIN 

2 ANH OTOHDE sc dg ec Ae eas See eo de ne 
5 mg. 

ZZ(CHs)s 
CIN 
ee 
1.25 per cent, 1 c. c. 

Sh en icles cee ervae Wera Fell 18 mm. (52 to 34). 

a 
5 mg. 

4 00 2 nth ene 
5 mg. 

PERM ARTET CIN es eo 15, <a 18 < aicica's,o Sie sie wie cio als Enis vlawcciogecescne 
5 mg. 

ian 2 
\CH2CHO(CH3CO)CH; 
1.25 per cent, 1c. ¢. 

ZAA(CsHir)s 

\CH:CH20(CsH;CO) 
1 to 200, 1.5 c¢. ¢c. 

Batra Sater icy SSeS re Rie 2 Fell 17 mm. (58 to 35). 

1 wo BS a ae as a tae Wn ere et repeat Fell 10 mm. (50 to 40). 

yl 



Time. Compound. Blood pressure. 

H. m. 
EP 88 | ;Cholinoss sd). 2202.38 6209. bod oes ees een ee ee Fell 9 mm. (114 to 105), 

1 to 100, 1c. ¢. 

Z(CHs)s 
50 CINC ee BN Sr Fell 13 mm. (126 ‘to 113); rose. 

CH2CHO(CsHsCO)CH3 mm. . (126 to 163). 
1 to 200, 0.6 c. ¢. 

| 
e Z(CHs)s : 

2. 2 ER py Conia Rose 16 mm. (127 to 143); fell 1 
CH2CH2CH20(CsHsCO) mm. (127 to 115). 

1.2 per cent, 0.6 ¢. ¢. 

Z(CHs)s 
4 CIN pee ee Wee ee os Sf Rose 46 mm. (127 to 173). 

CHeCHO(CsHsCO)CH3 
RM toO200 xe AC. 

Z(CHs)s F 
6 < ikke Rose 8 mm. (126 to 134); fell 

CHeCH2CH20(CsH;CO) mm. (126 to 112). 
1.2 per cent, 1c. ¢c. 

Z(CHs)s 
15 | CIN® Sn ew lath a i'n 5 ok, pel Fell 16 mm. (137 to 121). 

\cH.CH2CH,0H 
1 to 500, le. ec. 

ZZ(CHs3)s 
16 ss Bee MeN, a0 chs os a Fell 28 mm. (132 to 104). 

CH2CHOHCHs3 
LStO DOU! ARG iG 

Z(CeHs)s 
25 << eOA NS Se) 2 ME SoU eee Fell 10mm. (128 to 118). 

CH2CHO(CH3CO) CH; 
to L000; We, Cc: 

ZZ (C2Hs)s 
31 | CINT SEMEN ot Fell 15 mm. (117 to 102). 

\cH.CHO(CsHsCO)CHs 
iL to!2,000)1-e. e: 

ZZ (C2Hs)3 
49 | CLD a sce a wig a ee ee ene Fell (slowly) 20 mm. (96 to 

CH2CHO(CH;CO)CHs; Returned slowly. 
0.72 per cent, 2c. c. subcut. 

Z(C2Hs)3 _ 
54 NC aie dled Rene tee ee Fell (slowly) 24 mm. (96 to 72), 

CHeCHO (C6H5CO)CH3 
LO 12000; 1c. Gc: 

ZZ (C2Hs)s 
a < Jaen na abthaenind SUG eaanaeae Fell (slowly) 27 mma. (91 to 64). 

CH2CHO(CH3CO) CHgz 
Ltor500; ie,-e; 

ZZ(C2Hs)s 
30 - thie cet ARMS RRA eee Fell 17 mm. (104 to 87); rose 

CH2»CHOHCH:Cl1 mm. (104 to 150). 
1 to 500, 1c. ¢. 

ZZ (C2Hs)s 
B28) CIN ag (cent Me RACs See 8 gs Fell 17 mm. (103 to 86). 

CHeCHOHCHs: 
1 to 500, 1c. c. 

Z(CHs3)s 
42|C NC FPP oa aide deny ae ee Fell 24 mm. (116 to 92). 

CH2CHO(CH;CO)CH3 
1 to 1,000,000, 1 ¢. c. 

BB Ne ULO WIG so see ce ass d'sisd ee eale wavs Sale Raly oe eee es epee eae 
5 mg. 

SMe Os Leth liceilg vy cc) a nn aren ae DS ey ah et a ro A Rose 19 mm. (105 to 124). 
1 to 100, 1c. ¢. 

110 

EXPERIMENT 272.—CAT, 3.25 K. ETHER; CURARE. 

2 Solution made three years previously; kept in dark room at 15° C. 



EXPERIMENT 272.—CAT, 3.25 K. 

Z (CH3)s 

\\CH2CH2CH20(CsHsC )) 
1 to 500, 2c. c. 

ZA(CHs)s 

\cH:CHO(CsHsCO)CH; 
1 to 600; 1c. c. 

Z (C2Hs)3 

\CH2CHO (CH:CO) CH; 
0.72 per cent, :1¢. c. 

37 

* ine (C2Hs)3 

CHCHO (CsHsCO) CH; 
1 to 200, 1 

ZA(CaHs)s 

\cHcHoncn, 
to 100, 1 ¢. e. 

Z (C2H5)3 
CIN 

\ CH:CHOHCH:Cl 
1 to 100, 1 c.e. 

Z\CHs)s 

\CH2CHO (CH;CO)CH; 
1 to 100,000, 1 ce. c. 

CIN 

io per cent, 1c. c. 

-z(CHs)z 
cINa | 

\ CH3CHO (CH3;CO)CH,| 
1 to 10,000, 1. ¢. 

47 
1.3 per cent, 1c. c. 

53 
0.92 per cent, 1 c. c. 

ee 

CHCHO (CH:CO)CH:CI 
1 to 100, 1 

16 onZ O88 
\cHcHO (CH3CO)CHs3 
Lito JO;000; 1 cs c. 

17 
5 mg. 

9 ZA(CHs)s 

\cH:CHO(CH;CO)CH; 
ito 10,000; 2c... 

Z(CHs)s 

\cHiCHO( CH3:CO)CH3 
1 to 1,000, 1 c.c. 

Z7(CHs3)3 

\cHsCH:CH:0(CH3CO) 
1 to 1,000, 1 c.c. 

24 

111 

OMZOVI-CMOlMe (CRE) ooo... kwc gic tease anseneesess 

MUS AEMMIMUATCO <6 ccc oc ct hoe cape eccsece ocem 

Ienmm@oy!-Choline (CG) ..... 2.2... c. see ence ne nee 

Benzoyl-choline (methyl! iodide process) ......... 

A yao Ae ee 

ime, Compound. 

mM. 
MOUMG (C\VYCATS Old) ........ 0 0c. cere w wen eriewees 

; 1 to 100, 1c. ¢c. 

ETHER; CURARE—Continued, 

} 

Blood pressure. 

Rose 11 mm. (10% to 114). 

Rose 28 mm. (86 to 114). 

Fell 23 mm. (134 to 111). 

Fell 31 mm. (119 to 88); rose 26 
mm. (119 to 145). 

Fell 41 mm. (100 to 59). 

Rose 32 mm. (107 to 139). 

Rose 42 mm. (96 to 188). 

Rose 20mm. (108 to 128); returned 
slowly 

Fell 48 mm. (110 to 62). 

Fell 42 mm. (101 to 59). 

Fell 16 mm. (98 to 82). 
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- EXPERIMENT 272.—CAT, 3.25 K. ETHER; CURARE—Continued. 

Time. Compound. Blood pressure. 

\ 

ET... =(CH 
anZ He Sn ate hus daccieeheve meeanale arena tei eae ee ene Fell 46 mm. (97 to 51). 

\cH:CH20(CH;CO) 
0.94 per cent, 1c. c¢. 

BO AGODING. wc .c =< n0e te} aoe ee cen an = ie lene ainsi 
5 mg. 

Z(CHs)s 
\\cH2CH2CH:0(CH;CO) 
0.94 per cent, 1 ¢.c. 

wae 
C 

\cH2CHO(CHs00)CHs 
1 to 1,000, le 

meee el hoy ol Bee a Fell 31 mm. (99 to 68). 

oles sastue eee ee Fell 29 mm. (95 to 66). 

BO 2) ORS ono as wn Mes Goon be a lc oe eee See eee 
10 mg. 

Z(CHs)s 
\cH»CHO(CH;CO)CH; 
1 to 1,000, 1¢.c. 

et 

\cHCHO(CH;CO)CH; 
1.25 per cent, 1c. c. 

ZOE 
\cH:CH:CH:0 (CH3CO) 
0.94 per cent, 1c. c. 

APE cee '..-| Fell 11 mm. (95 to 84). 

de pita nis cakes cieae Sees eee mete Fell 55 mm. (98 to 48). 

13a) COUN Pies va ies a acne cee ee Fell 11 mm. (94 to 83). 

1?) Atvoytie 225s ase eb ke, cacancgee saeco 
12 mg. 

ZZ (CHs) 
ms ane 
\cHsCHO(CH3CO)CH: 
1.25 per cent, 1c. c. 

19 eerrereerrrrrrrrrrrrrrerer sy i 

OF") AtPODINC. deren a3 ot SxS. ote odes base seas ae ee tee iene Fell 23 mm. (87 to 64). 
25 mg. 

23 
A(CH yw (CH)s phd. ely ae ee Fell 19 mm. (57 to 38), 
\\cHsCHO(CH;CO)CH; 
1.25 per cent, 1 c. ¢. 

ne 

\ cHiCH:CH20(CH3CO) 
| 0.94 per cent, 1c. c. 

Z(CHs)s 
33 | onc 

CH»CHO(CH;CO)CH3 
| 1.25 per cent, 1c. ¢c. 

30) | Clie ( yet ett Goma 40 call & pesos Fecn cates et peeatemeen came Fell 3 mm. (70 to 67). 

| iisip whe Saisie ie ele Rises eee Fell 31 mm. (75 to 44), 

EXPERIMENT 273.—CAT, 4.52 K. ETHER; CURARE. 

= (CH3)3 
1 43 | CIN™ 

\\cH»CHO(CH;CO) CH2C! 
1 to 10,000, 1 c. @: 

Z(CHs)s 

Find eee baste srevccecucts os] PCM SIRES 

44 | CIN 
\cCH2CH2CH20(CH;CO) 
1 to 100,000, 1 ce. e. 

ZZ(CHa)s 
47 | CIN 

CHACHO (CHsCO)CH:C! 
1 to 100,000, 1 

Be ee ECO COTS Fell 29 mm. (122 to 93). 



57 

@ il 

vial 

2) 

26 

44 

48 

57 

P11 
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EXPERIMENT 273,—CAT, 4.52 K. 

Compound, 

Z(CHs)s | 

\\CH2CHO(CH;CO)CHAC! 
1 to 1,000, 1 ec. e. 

Z(CHs3)s 

\\cH2CHO(CH;CO)CH; 
1 to 100,000, 1c. c. 

Z(CHs)s | 

\\cH:CHO(CH;CO) CHC! 
0.89 per cent, 1c. ¢. 

A(CHs)s 
yan 

CH2CHO(CH;3CO)CH; 
1 to 100,000, 1 ¢. e. 

Z0sHi1)3 

\\CH2CHO(CsHsCO) CHC! 
1 to 1,000, le. ec. 

ZA(CsHi1)s 

\cH2CHO(CsH;CO) CHC! 
0.75 per cent, 1c. ec. 

ZA(CsHun)s 
agin 

CH2CHO (CH3CO)CH2Cl 
1 to 1,000, 1 ec. ec. 

ZZ(CsHn1)s 

\\cH:CHOHCH; 
1 to 200, 1 c.e. 

ZZ(CsHi1)3 

\cH.CHOHCH,Cl 
1 to 200, 1 ¢.e. 

ZZ(C3H7)s 

ae 
1 to 100, 0.5 c.e. 

ZZ(CHs)3 

CH2CHO(CH;CO)CH:Cl 
1 to 1,000, 1 c.c. 

Z(CHs)3 

CH2CH2CH20(CH3CO) 
1 to 100,000, 1 ec. e. 

yZ (CH) 

\cH:CHO(CH;CO) CHCl 
1 to 1,000, 1 ec. e. 

Z7(CHs)3 

\\cH2CH:CH:0(CH;CO) 
1 to 100,000, 1 c.e. 

Z (CHs)s 
\cH:CHO(CH,CO)CH; 
1 to 100,000, 1 c.c. 

Z(CHs3)3 

\\cH2CHO (CH;CO) CHC! 
1 to 1,000, 1 c.e. 

64552°—11—_-8 

CIN 
cosene grees ennecacaeceecestce 

CIN 

CIN 

CIN 

CIN 

CIN 

CIN 

CIN 

CIN 

CIN 

CIN 

CIN 

ETHER; CURARE—Continued, 

Blood pressure. 

Fell 21 mm. (138 to 117). 

Fell 45 mm. (145 to 100). 

Fell 41 mm, (156 to 115), 

Fell 63 mm, (169 to 106). 

Heart slowed from 38 to 25 beats 

[i (in4min.) 86mm. (170 to 84). 

in 10 see. (Remained slow.) 

Fell 6 mm. (84 to 78). 

Fell 21 mm. (110 to 89). 

Fell (slowly) 27 mm. (106 to 79). 

Fell 14 mm. (88 to 74). 

Fell 34 mm. (89 to 55). 

Fell 8 mm. (82 to 74). 

Fell 22 mm. (76 to 54). 

Fell 24 mm. (74 to 50), 

Fell 4mm. (80 to 76). 
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EXPERIMENT 273.—CAT, 4.52 K. ETHER; CURARE—Continued. 

Time. Compound. Blood pressure. 

H. m. Z(CsHn)s3 
one yh ee ee Rose 20 mm. (89 to 109). 

\cH:CHO(CH:CO)CH3C! 
1to 00,1 ee: 

Z(CsHi1)3 

\ cH2CHO(CsHsCO)CH2C1 
0.75 per cent, 1 c.c. 

A (CsHi1)3 
se J eaigeuiesmteinc.e.s Se Here etcio else epee e tee tae eee Fell 14mm. (46 to 32). 

CH:CHOHCH3; 
0.69 per cent, 1 ¢.c. 

Rose 22 mm. (84 to 106); a 
wards fell to 46 mm. 

EXPERIMENT 275.—CAT, 2.44 K. ETHER; CURARE. 

Z(C3H . 
IN— une cic aaus tes tennee lace eee Fell 26 mm. (94 to 68). 
\CH{COHO(CoHsCO) OFC! 
1 to 200, 1¢ 

Z(C3H7)s 
Nm 
| \CHACHOHCHCI 
ite: 200) ec: 

ZA(C3H7)s 

\cH:CHOHCH:; 
1 to 200, 1c. ¢. 

' ZZ(C3H7)s3 

\cH.CH.OH 
1 to'200; 1 e:e: 

Z (CH) 

\cH.CHO(CsH;CO)CHiCl 
1 to 200, 1¢. c. 

Z(CsH1)3 | 

\cHsCHO(CsHsCO)CH2C1 
1 to1200; 1c. ec: 

A(CsHi1)3 

\ crseHto(excoycrc 
1 to 200, 1 

Z(CHs)s 

\\cH»CHO(CH;CO)CH; 
1 to 1,000,000, 1 c. c. 

ZC 
\\cH:CHO(CH;CO)CH2CI 
1 to 10,000, 1c. c. 

Z(CHs)s 

\\cH2CH:CH,0(CH;CO) 
1 to 1,000,000, 1¢.. 

Z(C3H7)s | 

\\cH.CHO(CH;CO)CH,C1 
1 to 1,000, 1 c.¢. 

ZZ(CHs)s 
Ke C 
\\cH:cHO eo?) CH2Cl 
1 to 200, 1c 

12 

16 

NS ce SORE eee hee sees Coe eee Fell 13 mm. (79 to 66). 

DO IWGINK 21) tak de ee ne oon ot ei eee eee Rose 9 mm. (84 to 98). 

Sov Coed en, LE ee cota ace emnon aeee eee Rose 15 mm. (103 to 118), 

ST MGINKC See Le. AE ao ears eee eee eee Rose 7 mm. (87 to 94). 

beac e y i NR pes wecencccceseeesce-| Hel 26 mie eo). 

52 ee ee See RS Fell 14 mm. (70 to 56). 

Oe 4 DIN te ee Plover el eon antes ee eee Fell 20 mm. (72 to 52). 

1) Ve OU. ee a eS Fe, eee ieee Ae er Ny Fell 8 mm. (78 to 70). 

Shs PEE on te ea ee Fell 11 mm. (80 to 69). 

9 | Atropine, 5 mg. 



16 

21 

22 

39 

52 

44 

00 

CIN 

cin— 

cin— 

CIN 

ge (C2Hs)3 

woe 

es CH2CHO(CH3CO)CH3 

115 

EXPERIMENT 275,.—CAT, 2.44 K. ETHER; CURARE—Continued. 

Compound, Blood pressure. 

Z(C3H7)s 

\\cH:CHO(CH;CO) CH.Cl 
1.54 per cent, 1 c.c. 

Z(C3H7)s 

\cH2CHO(CsHsCO) CH,CI 
Ltor100; 1 e.ic. 

FA(C3H7)s 

\cH.CHOHCH:C1 
1 to 200, 1 ¢.c. 

Z(C3H7)s3 

\cH:CHOHCH; 
1 to 200, 1 c.e. 

ZZ(CsH7)s 

\\CHiCH20(CsHsCO) 
0.7 per cent, 1 c.c. 

ZZ(C3H7)3 

\cH:CH:OH 
0.81 per cent, 1 c.c. 

A(CsAi)s 

\ caerto catt;coycr 
1 to 200, 

A(CsH11)s ! 

\cH:CHO(CH;CO) CHC! 
1 to 200, 1c.c. 

Z(CHs)s 

\ cHiCH2CH20(CH;CO) 
1 to 100,000, 1 ¢.c. 

ZZ(CHs)s3 

\ cHpCH2CH20(CH;CO) 
1 to 10,000, 1 ¢.c. 

stk ater ohio i ar ep it kn pita aareaka ea areie Rose slightly. 

Roipa cite ioe aa a eens ela ea Rose 5 mm. (92 to 97). 

Breet avian cictetslope botee bia wieweae emis 3 Rose 11 mm. (88 to 99). 

Balers ne iavereicteim evan Tecate ete Rose 12 mm. (87 to 99). 

ra eVtdtalete hehe oe Came eee tees Fell 9 mm. (53 to 44). 

a siscse Raters eeree eS able Soe Fell 7 mm. (36 to 29). 

1 to 10,000, 1 c.c. 

EXPERIMENT 276.—CAT, 2.72 K. ETHER; CURARE. 

Ue or eee cfa er Pee acre teeta ete Fell (in 5 min.) 20 mm. (118 to 
98; returned slowly. 

Z(C2Hs)s ! 
\cH:CHO(CsH5CO) CHCl 
0.45 percent. Subcut. 

ZAA(C2Hs)3 

\cH:CHOHCH:OH 
1 to 200, 1 c.c. 

Z (C2Hs)s 
\CHCHO(CsH;CO)CH:C1 
1 to 2,000, 1 c.c. 

SAB SSSR ean Se nearer se Fell 14 mm. (98 to 84). 

SE Ayk it arse Dalen ee ee Fell 18 mm. (86 to 68). 

Mn rr Ati Saw satetene aces ea ee vases Fell 12 mm. (91 to 79). 
\cH:CHOHCH.OH 
1.28 per cent, 1 c.c. 



Time. 

13 

19 

20 

21+ 

30 

41 

43 

48 

50 

57 

10 

116 

EXPERIMENT 276.—CAT, 2.72 K. ETHER; CURARE—Continued. 

Compound. 

Z(CaHs)s3 

\cHiCHO(CcHsCO) CH; 
i to 200; 1c; c. 

\enscr0(crscoyox 
1 to 1,000, le 

Z(C2Hs)s 

\cHsCHOHCH; 
1 to 100, 1e.c. 

Z(C2Hs)3 

\cH:CHOHCH.CI 
1to 100, 1c.c¢. 

ZA C2Hs)s 
\\cH:CHOHCH,0H 
1.28 per cent, 1 c.c¢. 

ZA(C2Hs)s 
N 

ZZ(C2Hs)s 

wee wee eee eee eee 

GR OE se eda tear pt 

0.45 per cent, 1c. c. 

Atropine. co Scee et aan oils tok sce ee oe ee een EEE eee 
omg. 

ZA(C2Hs)s 

0.45 per cent, 1c. c. 

ZZ(C2Hs) 3 
Ina Cc 
\\cH:CHOHCH.OH 
1.28 per cent, 1 ¢c.c. 

nF aes 

\cH:CHO(CsH;CO)CH; 
1 per cent, 1c. c. 

ee (C2Hs)s 

\\cHsCHO(CH;CO)CH; 
0.172 per cent, 1c. c. 

AA(C2Hs)s 
1 
Ramee tne 
1 to 100, 1c. e. 

ZA(C2Hs)s 
1 
Sita ane 
1 to 100, 1c. c. 

Gis A
N 

See 8 one reas x 

IOUT Be hon oe ee toe ee ein eaeiois ee Oe ne De eee ee eee eee 
1 to 100, 1 ce. c. 

BOTZOVAFCHONMNG secs oe nc ae ce oo ovate cee ee ceria rte eres 
1.32 per cent, 1 c. c. 

ZA(CHs)s 

\\cH.CHOHCH.OH 
1 to 100; 4\.¢:\ c. 

CIN 

ZZ(CHs)s 
an Cl 
cHscHO(CH:CO)CH, 
1 to 1,000, 1 

ZA(CHs)s 

\\cH:CH:CH,0(CH;CO) 
1 to 1,000, 1c. c. 

ee 

Blood pressure. 

Fell (slowly) 24 mm.( 94 to 70). 

Fell 13 mm. (92 to 79). 

Fell 8 mm. (66 to 58). 

Fell 9 mm. (67 to 58). 

Fell 20 mm. (68 to 48). 

Fell 19 mm, (76 to 57). 



— Se 

em yZ (CB 

\\cH:CH:CH;0(CH,CO) 
0.94 per cent, 1c. c. 

Z(CHs)s 
ee 

\\cHiCH:CH20(CH;CO) 
0.94 per cent, 1c. ¢. 

A(CH 
becin? he 

\\CHCHO(CH;CO) CHC! 
0.89 per cent, 1c. c. 

Z(CHs)3 — 
bilan’ bare gs 

\cH:CHO(CHsCO)CH, 

ZZ(CHs)3 
] 
eek cxt,c0) 
1 to 1,000, 1c. ¢. 

ZZ(CHs)s 
20 | CIN™ 

1.22 per cent, 1c. c 

EXPERIMENT 277.— 

ZZ (C2Hs) Oy 5)3 

0.178 per cent, 0.5 c¢ 

ZZ (Ce2Hs)s3 
28 | CIN™ 

1 to 1,000, 1 c.e: 

Z(CHs)s 
\\cH.CHOHCH.OH 
1 to 100; 1 c..c. 

ZZ (C2Hs)s 
nx. 
\cH:CHOHCH,OH 
1.28 per cent, 1c. c. 

ZA\CHs)s 

51 | CIN 

52 

1.22 per cent, 1c. c¢. 

<= (Ce2Hs)3 
14 ea 

0.178 per cent, 1 c.c. 

<= (C2Hs)z3 
21 x 

1 to. 200, 1 c.c 

Z(C2Hs)3 
24 | CING 

0. 93 per cent, 1 c.c. 

ZZ(CHs3)s3 

\\cH:CHO(CsHsCO)CH:Cl 
1 to 200, 1 c.c. 

43 | CIN 

EXPERIMENT 276.—CAT, 2.72 K. 

Compound, 

\cH:CHO(CH;CO)CH:0(CH;CO) 

A ee a SY al 

\\cH2CHO (CoHs0O) CH0 (CoHsCO) 

\cHCHO(CsH;CO)CH20(CsHsCO) 

\ CH»CHO(CH;CO)CH:0 (CH;CO) 

\ cH:CHO (CsHsCO)CH20(CsH;CO) 

\cH:CHO(CH;CO)CH20(CH3CO) 

\cH:CHO(CH;CO)CH20(CH;CO) 

i Dg 

ETHER; CURARE—Contiuued., 

Blood pressure. 

ere cre rete Ror? Por Fell 20 mm. (62 to 42). 

aia Oa Gate ales ote Elie Fell 13 mim. (78 to 65). 

erdeaseelnak elnamartente Fell 17 mm. (80 to 63), 

beeen 0. 

ETHER; CURARE. 

Heart gradully slowed from 33 
i. (slowly) 46 mm. (118 to 72). 

bak, hae peeaaa kee to 263 beats in 10 sec. 

Ste ces eae meted aye Fell (slowly) 29 mm. (115 to 86). 

ate em eotas ences seleinclae Fell 44 mm. (136 to 92). 

See ae Ae aeeeta ec Fell 27 mm, (85 to 58). 

Bias SNRtA SION, ens Fell (slowly) 37 mm. (102 to 65). 

AOA Gam 0. 

ome axed walemree Fell 18mm, (116 to 98). 



Time. 

12 

31 

48 

12 

16 

18 

24 

30 

41 

43 

CIN 

CIN 

Z7(C2Hs)3 
Ne 

ATTOPING oo we cre ois ones ce ko Aecc eno eee ee Eee 

CIN 

Zz (CHs3)3 
IN< 

cna 

ZZ(CHs)s3 
No 

ACH) | 

118 

EXPERIMENT 277.—CAT, 2.55 K. ETHER; CURARE—Continued. 

Compound. Blood pressure. — 

(CH Z(CHs)3 So ee Rose 57 mm. (87 to 144). \\cH2CHO (CsHsCO) CH; 
1 to 500, 1e¢.c. 

Z(CHs)s 
\cH:CH:CH30(CsH;CO) 
1 to 500, 1 c.e. 

ZZ(CHs)s | 

\cH:CHO (CsH;CO)CH2C! 
1.27 per cent, 1 c.c. 

Z (C2Hs)s 

\cH:CHO (CsHsCO) CH; 
1 to 2,000, 1 c.c. 

cise d. weite, bwelelp eee ee EEE eee Rose 21 mm. (109 to 130). 

PRE Fell 12mm. (138 to 126). 

OF ee ey MEN Cee oo Fell 6 mm, (120 to 114). 
CH2CHO(CsH5sCO)CH2Cl 

1 to 2,000, 1 c.e. 

ZZ(C2Hs)3 

\cntcrt0(cattsco) cH 
1 to 200,1 

Z(C2Hs)3 

SS Gute oe 
0.45 per cent, 1 c¢.c. 

Z (C3H7)s | 

\cH2CHO(CH;CO)CH2CI 
1 to 200, 1 c.c¢. 

diotcteretore eieine slop a acta eee ee Fell 22 mm. (182 to 110). 

sche ececeedatte sae ae eee Fell 11 mm. (128 to 117). 

ocntep co tasetnee cote ee eee Fell 10 mm. (147 to 187). 

Me Fell 12 mm, (134 to 122). 
\GH:CHO (CrHsC0) CHO (CHSC ) 

1 to 1,000, 1 ec. 

Z(CHs3)s3 

\onscH0,caic0)oHs0(C00) 
1 to 100 

usta eae eee eee Fell 538 mm. (128 to 75). 

5 mg. 

ZZ(CHs)s 

\CH:CHO(CsHsCO)CH0(CcH5CO) 
1.04 per cent, 1 c.c. 

Z(C2Hs)s 

\Ge tna @aiiecmiomeun 
0.178 per cent, 1c. c. 

aio ates eee Seen Fell 32 mm, (92 to 60). 

Ree See as. Rose slightly. 

Sedsacdecc acne space eee eae Rose 15 mm, (62 to 77). 
\\cH:CHOHCH:OH 

1.28 per cent, 1 c¢.c. 

Z(CHs)s 

\\cH,CHOHCH.OH 
1 to 100, 1’c. ¢. 

+ <b ww hold aie ie Chen aie Rose 5 mm. (66 to 71). 
\\cH2CHO(CH;CO)CH20(CH;CO) 
1.22 per cent, 1 ¢. c. 

ZA(C2Hs)s 

\\cH:CHO(CH,CO)CH,0(CH;CO) 
0.98 per cent, 1c. c. 
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EXPERIMENT 277.—CAT, 2.55 K. ETHER; CURARE—Continued, 

Time. Compound, Blood pressure, 

j 3 a ie aad 

Hm. Z(CHs3)s 

"50 cINS Ai, Sian cease Meee 0. 
CH4CH2CH20 (CoHCO) 

1 to 600, Le 

ZA(CHs)s } 
ee ee Rose 6 mm. (60 to 66). 

CH:CHO(CeH,CO)CHACIf 
1.27 per cent, 1 c. c. 

Z(CHs3)3 ¢ 

\cHsCHO (CsHsCO)CHy 
ito 100; 1 ¢. c. 

54 | CIN 

EXPERIMENT 278.—CAT, 3.02 kK. URETHANE AND CHLORAL; CURARE. 

{sl 20 mm. (103 to 8&3). Heart Z (C2Hs)3 
n 58/C 

1} to 500;, 1c. c. 

ZZ (C2Hs)s 
2 2/ CIN 

Be c,.c0)cH.c1 
1 to 500, 1 ¢. ¢. 

ZZ(C2Hs)3 

\cH:CHO(CsHsCO)CH2C! 
0.45 per cent, 1c. c. subcut, 

i Re reals 

\cH,CHOHCH; 
1 to 200, 1c. c. 

A(CoHs)s 
\cH:CHOHCH:C! 
PtO200; Ie. ¢. 

ZZ (CeHs)3 

\CH:CHO(CsHsCO)CH20(CsHsCO) 
0.178 per cent, 1c. c¢. 

ZA(C2Hs)3 

\cH2CHO(CH3;CO) CH: 0 (CH;CO) 
0.93 per cent, 1c. c. 

Z (C3H7)s 

\cHCHO (CsHsCO) CH; 
0.79 per cent, 1c. c¢. 

ZZ(CHs)s 

\cH:CHO(CH3CO) CH3 
1 to 1,000,000, 1 ¢c. ec. 

Z(CHs)s | 

\CH:CH:CH:0 (CHO) 
1 to 1,000,000, 1 ec. ¢. 

CH ne 3)2 

NY CH2CH20H): 
itoM00; 1e.:c: 

slowed from 37: to 30 beats in 10 
sec, 

{Fell 25 mm. (95 ,.to 70); returned 
\ very slowly. 

14 

2 _ ae oe mole See came ea ateiem a naee eres Fell 27 mm. (92 to 65). 

31 ow oe ees cahoots 77) 

44 

4 © 

a oo ere eae ain ete arto Sane ee Fell (slowly) 16 mm. (59 to 48). 

PIRGUN UME Pa cc cleleclecclswiinninnisecesicinaeeisme Fell 19 mm, (58 to 39). 

24 bee eae Re eee Seas wane Fell 16 mm. (56 to 40). 

2), GUS O00 ER Se eee ees eee sents ment Fell 7 mm. (62 to 55). for) 

MMMNTSERI I Ee tec ad ccc Saltrd aaa cs cacibelew au sjccusien insane = | Rose 109 (57 to 166). Heart in- 

5 mg. | ereased from 18} to 30 in 10 sec. 

ZZ(CHs)s 
ie | cINC 

\cH.cHo. CHs00) CH 
1 to 1,000,000, 1c. ¢ 

ee oss ae Ree clas eee aeveee a Fell 17 mm. (55 to 38). 
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EXPERIMENT 278.—CAT, 3.02 K. URETHANE AND CHLORAL; CURARE—Continued. 

Time. Compound. Blood pressure. E 

H.m. ZZ(CHs3)s 
CINK SI eee eee Fell 22 mm. (75 to 63). ul 

CH:CH:CH40(CHsCO) 
1 to 1,000,000, 1 

CH 
14 cine as Oe ee 0. 

\\(CHsCH20H)2 
1 to 100, 1c. ¢. 

AB INACONTNC fn win wi sm wd ie bo pm Chee nnn Pinole se le Rose 57 mm. (66 to 123). Hea 
5 mg. increased from 18 to 252 bes 

in 10 see. 

24 | Acetyl-choline (old solution) .................:00.eeiersseerme= a Fell 34mm. (68 to 34). 
1 to 100,000, 1 c. e. 

Z(CHs)s 

\cH:CHO (CH3CO)CHs3 
1 to 1,000, 000, 1 c.e. 

Z7(CHs)s 

\cHCH2CH:0 (CH3CO) 
1 to 1,000,000, 1 ¢. ¢. 

OB GING ee ee MT ey Sb once face c cco seater anne Fell 22 mm. (76 to 54), 

BS CUNT a ee sialon toe aie eae eee Fell 22 mm. (76 1o 54). 

SD}| NICOHNE cp one wad ene conten ccs] o> eeeren@ = one =e ee Rose 18 mm. (75 to 93). Nochan 
5 mg. in heart rate. 

Z(CHs)s 

OE aeRarGuain 
1 to 1,000,000, 1c. e. 

49‘) NicoOtimnersccseseen ies oo kk oem ee een Ee eee eee 0. 
5 mg. 

AP UNE ey ee Fell 25 mm. (78 to 53). 

eee 
45 
De euonion, 

1 to 1,000,000, 1c. e. 

RPE rS see te CRE ST. Fell 26 mm. (80 to 54). 

AO (CHO)ING Bee sae nee oe eisiin co eiatelele eae eet cee teeter ee eet Fell] 23 mm. (78 to 45). 
to 100M crc. 

(CHs3)e 
BOr CUNK: ce tw, 2 tN itcnstcte a ace eters ie Se ene ee eee eae Fell 10 mm. (86 to 76). 

(CH2CH20H)2 
1 to 100, 1c. c. 

Z7(C2Hs)s 

\cH»cHO (CeHsCO)CH2Cl 
0.45 per cent, 1 c. c. 

Z(C2Hs)s3 
13 | CIN™ oe ae edt is bo 0. 

\cH:CHO(CsHsCO)CHs 
il ive line akrceKes 

ZZ(C2Hs) me 2Hs5)3 

\\cH»CHOHCH; 
ito 100) We, ec. 

ZZ (CaHs)3 

\\cH.CHOHCH:C! 
tO OOF Ce; 

Z (C2Hs)s 

\\cHsCHO(CsHsCO)CH20 (CgeHs5CO) 
0.178 per cent, 1c. c. 

Z( Cas) 3 
N— 1 
\\cH:CHO(CH,CO)CH,0(CH,CO) 
0.98 per cent, 1 c. c. 

11 

18 

20 

25 
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ET Cai iiniawheanddi0ke awds<cnancacecenaidsdadvaveecse Fell 32 mim, (90 to 58). 
1 to 100, 1c. c. 

4 (CH 
melons 

\\cH:CHO(CH;CO)CH; 
1 to 1,000,000, 1 ¢. c. 

ee 

\cHCHO(CH;CO)CH; 
1 to 1,000,000, 1 ¢. e. 

= (C3H7 
lone 

x \ cHiCHO(CsHsCO) CH, 
0.79 per cent, 1c. c. 

Z(C3H7) we ras 

\cH2CHO(CH;CO)CH; 
1.2 per cent, 1c. c. 

IS ne ee ed Fell 11 mm, (94 to 83). 

MM tain Se x /4saonics sec sendheesenscceenesodabseeae 
5 mg. 

nee 

\cH.CHOHCH.CI 
1 to 200, 1¢. ¢. 

H 
22 one O° iy 

\\(CHiCH20H) » 
1 to 100, 1c. c. 

ol) SUNS 2 3 Ge ee 0. 
tomo, 2c.c. 

Z(CHs)s ! 

\cH:CH2CH20 (CH3CO) 
1 to 100,000, 1 c. ¢. 

os 

\cH:CHO(CH3CO)CH; 
1 to 100,000, 1 c. ¢. 

eee 

\cH2CH:CH20(CH;CO) 
1 to 1,000, 1 ec. ec. 

:. Z(CHs)s ! 

15 

ae (a Sark chad Ss amednre Sieiere ayate ete mm Stee aeRO 0. 

29 

35 

49 |CIN 
; \ cH2CHO(CH;CO)CH; 

1 to 1,000, 1c.c. 

pee EP aot En aor trme cee Fell 25 mm. (78 to 48). 

NS Fee SS, ican panna ee nwencadedseqennstnan 
20 mg. 

ZO? 

\cH:CHO(CH3CO) CH; 
1 to 1,000, 1c. ¢. 

Z(CHs)s 

\cHiCHO(CH;CO)CHs 
1.25 per cent, 1c. c. 

mye 

\cHiCH2CH20(CH:CO) 
0.94 per cent, 1 c. c. 

ZA(C2Hs)s 

\cH2CHO(CsHsCO) CH: 
1.95 per cent, 1c. c. 

58 

RG EM Leh LaF Re ED Set A Fell 25 mm. (66 to 41). 

13 | CIN 

‘im e. Compound. Blood pressure. 

SS atone amet tines nal are al aratarene teria Rose 7 mm, (100 to 107). 

Be re Wey ae eee ae seer | Rose 10 mm. (82 to 92). 

EXPERIMENT 278,—CAT, 3.02 K. URETHANE AND CHLORAL; CURARE—Continued. 
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EXPERIMENT 278.—CAT, 3.02 K. URETHANE AND CHLORAL; CURARE—Continued. 

Time. Compound. Blood pressure. 

HH. m. 
TS |) HONING 8 ons «anne wale sone onan sees Speco eet el eee Rose 9 mm. (86 to 95). 

1 to 100) 1 ¢. ¢. 

(CHs)2 
“IE 6 | |< SER Mire See mesa mer se a Rose 20 mm, (70 to 90). 

(CH2CH20H ):2 
1 to 100, 1c. ce. 

EXPERIMENT 281.—CAT, 2.26 K. URETHANE AND CHLORAL; CURARE. 

ll 43 ciIn— 
ZA(CoHi1)3 

Bnd Cee ee Sais EEE ee Rose 5 mm, (131 to 136). 
\cH:CHO(CH;CO)CH; 
1 to 200, 1c. c. 

¥ 

ae Gee {Fell 65 mm. (128 to 58). He 
we PISA ng re idl irregular. 

un hee Jo 
1 to 1,000, 0.6 

ZZ(CHs)s 

\cHCHO(CHsCO)CH:0(CH:CO) 
1 to 1,000, 1 e. 

50 cinZ elles shisen oes Fell 31 mm. (124 to 93). 

a on (CHs)2 toy uel 2 ee ee {ell 83 mm. a7 to 34). He 
(CH2CH20 (CH3CO) )e irregular. 

1 to 1,000, 1 ¢. e. 

CoH me 2H5)3 

\cH»CHO(CH;CO)CH20(CH3CO) 
(Old solution) 1 to 200, 1c. e. 

Z(CHs)s 

\cH:CHOHCH:OH 
1 to 200, 1c. ec. 

PDs ISA CIN Aes on Ae OL ee ee oe Fell 21 mm. (119 to 98). 

UG | ROTI se 8 eal yl aa OS Sere fee ee Sicee e c rele ee ee Fell 37 mm. (114 to 77). 

Me (CH3)2 
PDE UN es ee pes nce SARs wet cee Sete coer hee eee Fell 14 mm. (118 to 104). 

> (CH:CH.0H)» 
1 to 200, 1 c. ¢. 

2% | Choline (chlorhydrine:process)... 2.2 -:-.o0s-csceen eas eee Fell 32 mm. (110 to 78). 
Dt 200, Tc. c: : 

ZA(CsHi1)3 

\\CH2CHO(CsH;CO)CH2CI 
1 to: 500; 1 ¢..e¢: 

ZA(CsHi1)3 

\cH:CHO(CsH;CO) CHCl 
1 to 500, 1 c.c. 

LO: | WHOmOren On |. aes ose. ioc. cskiteioe See ee EEE Renee Eee eee eer Rose 117 mm. (23 to 140). 
1 to 1,000, 0.6 c. ce. 

Se Wponine red. nk coc eo ee Oe ee ee Fell 21 mm. (52 to 31); rose 24 
5 mg. (52 to 76). 

ye es 

\cH:CHO(CH;CO)CH; 
1 to 200, 1c.c. 

- Ech SSeS eee Ties nae 56 mm. (104 to: 
remained low. ; 

“ee P's, aL Sle RR NE Eee eo eh Fell (slowly) 18 mm. (48 to 25 

43 

CH 
2 13 cin! us re Meee! Fell 15 mm, (64 to 49). 

on CH:CH:0 (CH:CO) )s 
Dio 100, 1c..c, 

15 Atropine SUIPDALC 2.06.0 dee wmae eee meee seems ya wale wien eee 
5 mg. 
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EXPERIMENT 281.—CAT, 2.26 K. 

‘Time. Compound. 

— ee oe = 

H. m. Z7(CHs3)2 
» 19 c Bete a da akin ae ake yee ee Anat 

\(CH2CH20(CH;CO))2 
ito 100, 1 c.c. 

RTO Ma sivinwia's.afanicisja ae cccacasndvpadwemsas euactuna 
to; 1,000, 1 ¢.c. 

A(CoHu1)3 
30 sa DP nilard eae die dite cra Axa anma el 

CH2CHO(CeHsCO)CH2CI 
0.75 per cent, 1 c.c. 

REARS R Stoo eo uc 5 oialin wc eS e'sie cw ni oie caine eisini ss wo.cnmemeieicie 
Lt, 000; 1c. c. 

URETHANE AND CHLORAL; CURARE—Continued. 

Blood pressure. 

Rose 25 mm, (63 to 88). 

Fell (slowly) 36 mm. (76 to 40). 

Rose 12 mm. (44 to 56). 

URETHANE AND CHLORAL; CURARE. 

A(CsHi1)3 

EXPERIMENT 282,.—CAT, 2.27 K. 

\cH»cHO (CH3CO)CH3 
TOI200, 2 C..c. 

ZA(CsHn)s 

\cH:CHO(CH;CO)CH:C! 
1 to 100) Le:ic. 

Z7(CsHi1)3 

\cH.cH0( CH3CO) ti 
ieto.200) 1 e..¢. 

(CHs3)2 

< \(CH2CH20(CH3CO))2 
1 to 10,000, 1c. ec. 

ZZ(CHs)3 nZ 
\cHCHO(CH;CO)CH20(CH;CO) 
to 15000; 1 ec. 

CH 
ome 

12 45 

| 
32 

47 ee Q Q Q Q — — — 

56 
‘\(CH2CH20(CH3CO))2 
1 to 100,000, 1 c.c¢. 

ZZ(CHs)3 
CIN 

\cH»CHOHCH,0H 
i tor200; FE c:./e. 

CH INC 3)2 

Be 
ito 200; 2 c.c. 

AA(CsHi)s 

4 coon 
ito 1,000, 1 c.'e. 

CH2N(CHs3)3Cl 

HO(Ce6Hs5CO) 

HN (CHs3)3Cl 
1 to 1,000, 1 c.c. 

16 

wesc eee ee eee es cess eeeeesesesees esses se eeeseee 

) Benzoyl-choline (methyl] iodide process) 
, 1 to 200, 1 c.c. 

Benzoyl-choline (methyl iodide process) 
Htor200) Te... 

| Rose 9 mm. (155 to 164). 

Fell very slowly (in 10 min.) from 
147 mm. to 31 mm.; in 39 min, 

+ had risen to 128 mm. Heart 
|| slowed from 36: to 22 beats in 10 

sec. 

Fellslowly from 128mm. to 92mm. 

Fell 37 mm. (107 to 70). 

Fell 35 mm (124 to 89). 

Fell 25 mm. (123 to 98). 

Fell 43 mm. (138 to 95). 

Fel! 10 mm. (130 to 120). 

| 

| 

Fell slowly (in 25 min.) from 101 
mm. to 24 mm. and remained 
low for some time. 

Rose 35 mm. (26 to 61). Heart 
slowed from 20 to 17 beats in 10 
sec. 

Rose 58 mm. (38 to 96). 

Rose 51 mm. (46 to 97). Heart 
rate increased from 21 to 24 
beats in 10 see. 
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EXPERIMENT 282.—CAT, 2.27 K. URETHANE AND CHLORAL; CURARE—Continued. 

J 
i 
7 

Time. Compound. Blood pressure. 

HH. m. 
CH2N(CHs)3Cl 

RCT FG hese coc couisline ko neekientee cone eee een Rose 14 mm. (37 to 51). 

HeN(CHs)sCl 
1 to 1,000, 1 c.c. 

CH2N(CHs3)3Cl 

26 RUMOLCHsOO) po ora ctacann save ccedunccccnsebeees seen nenpee Rose 6 mm. (31 to 87). 

HeN(CHs3)s3Cl 
1 to 1;000) 1'¢.'c. 

CH2N(C2H5)3Cl 

33 PIG ade iy ae 5 ati naidcc paied an cuap ae Abs Eee one eee Rose 19 mm. (30 to 49). 

H2N(Co2H5)sCl 
1 to 100, 1 c.e. 

43 | Benzoyl-choline (methy] iodide process) .............----- Rose 24 mm. (21 to 45). Heart it 
1 to 200, 1c. ¢. creased from 16 to 20 beats in 

sec. 
C H2N(CHs)3Cl 

47 HO(CgH;CO) Se Snap Bh ian Sn masa oe ane eee Renee 0. 

}H2N(CH3)3C1 
1 to 200, 1 c.c. 

CH2N (CHs3)3Cl 

3 52 HO (Celt CO) ps. sae ees cee eee ee eee Eee ee Fell 6 mm. (18 to 12). 

H2N(CHs3)s3Cl 
0.99 per cent, 1c. ¢. 

5b} Benzoyl-choline: <2... ssesuceacassescanesae Let oe eee 0. 
ft 1012005 1 cx: 

BD | (AAS ONONT oo 3. acne eve toe eeencemeee ee Rose 119 mm. (23 to 142), 
1 to 10,000, 1c. e. 

ZA(CoHu1)3 

\cHiCHO(CsHsCO)CH2C! 
1 to 500, 2c. c. 

ZAA(CsHi1)s 

\\cHsCHO(CsH;CO)CH2C1 
0.75 per cent, 1c. c. 

Bk CO i cin o'a Rain pin wie anh inte nine Re ie eee eS ee Ree eee Rose 49 mm. (31 to 80). 
1 to 10,000, 1c. c. 

ACU: he alee iN ee he ee a Soe Fell slowly from 85 to 49 mm, 

ZO COUN ms RAs oad 8 ee as cacao eeerae ea ate eee einer Fell 24 mm. (49 to 25). 

B61 CAGTAMAILIT Pete c coe. ce oe tee ae eee ecakins ee eee Eeee eee 0. (Blood pressure 53 mm.) 
1 to 10,000, 1c. e. 

DG s|| PACTUAL Grae nc mce.csies elene ce te onset Reet etic nice eee ee 0. (Blood pressure 58 mm.) 
1 to 10,000, 2c. c. 

Ad) AGB TIA IETYS 5 ag oh ees ales eet lcoeee te aerate SER ee eran cies aee ete 0. (Blood pressure 56 mm.) 
1 to 10,000, 3 ¢. ¢. 

‘ 

EXPERIMENT 283.—CAT, 2.9K. URETHANE AND CHLORAL; CURARE. 

CH2N(CHs3)3Cl 

12 28 MOEA 8 Gr eRe EL Rio. owcmee tun cence semana mtanedteraiee Fell 13 mm. (89 to 76). 

H2N(CHs3)3C1 
4 to Piet Ue 

80 | Choline (chlorhydrine process)........cssccsscecscnsncccce Fell 24 mm. (88 to 64). 
1 to 600, lc. c, 



49 

57 

13 

29 

33 

26 

37 

40 

\y 

42 

EXPERIMENT 288.—CAT, 2.9 K. 

me (CoHs)3 

nce 

me 

125 

CH2N(CeHs5)s3Cl 

HOH 

H2N (CeH5)3Cl 
1 to: 100, 1c. c. 

Z(CaHs)s 

\\cHiCH,OH 
0.65 per cent, 1c. c. 

CHe2N (CHs3)sCl 

HO(CH;3CO) 

H2N(CHs3)3Cl 
Eto 2,000; 1c. c. 

CH2N(C2Hs5)s3Cl 

HO(CH3CO) 

CH2N(C2Hs) 3C1 
0.92 per cent, 1 c. c. 

Meetvieanouse (Old sOlution)............--...cs-cccnaccons 
1 to 100,000, 1 c. ¢. 

CH.N(CHs3)3Cl 

HO(CeHsCO) 

H2N(CHs)3C1 
1 to 1,000, 1c.c. 

CH2N(CHs3)3C1 

HO(CeHsCO) 

CH2N(CHs3)3C1 
1 to 200, 1 c.c. 

I or nan ws ws a's 5's owe gadein's gana sciccw sin wmcmacrs 
1 to 200; 1 c.c. 

ZZ(CsHu)s 

\cH:CHO(CH;CO)CH:C! 
1 to 100, 2 c.c. subcutaneously. 

Z(CsH1)s 
\cHCHO(CH;CO)CH; 
Tato? 200) 1"e./G. 

ZZ(C2Hs)s 

\cH:CHOHCH; 
tO 200; 1 G.ic. 

Se 

\cH:CHOHCH:C! 
1 to' 200, I. c.c. 

SEIN oe eae re eae eee 
5 mg. 

\cH:CHOHCH:CI 
Lito 200; Le... 

\\cH.CHOHCH; 
1 to 100, 0.6¢. ¢. 

URETHANE AND CHLORAL; CURARE—Continued, 

Blood pressure. 

Fell 24 mm. (90 to 66). 

Fell 22 mm. (89 to 67). 

Fell 22 mm. (90 to 68). 

Fell 8 mm. (96 to 88). 

Fell 31 mm. (91 to 60). 

Fell 7 mm. (97 to 90). 

Rose 47 mm. (92 to 139). 

Rose 37 mm. (93 to 130). 

Fell 18 mm. (85 to 67). 

Fell 15 mm, (81 to 66), 

Fell 21 min. (84 to 63). 

/Rose 4101 mm. (82 to 188). Heart 
rate increased from 17} to 26 
beats in 10 sec. 

Fell 17 mm, (81 to 64). 

Fell 21 mm. (86 to 65). 



EXPERIMENT 283.—CAT, 2.9 K. URETHANE AND CHLORAL; CURARE—Continued. 

Time. Compound. Blood pressure. 

CH2N(CHs3)3Cl 

SOIR eB ance conta cn tesa ease hea wiEn Sen naan ae. seen Fell 19 mm. (88 to 69). 
| 
EN CEs eC! 

1 to 100, 1c. c. 

ES Lot a a oe a eh ern sR crept gl 274 Fell 31 mm. (94 to 63). 
10200; Lc. c. 

CH2N(Ce2Hs5)3C1 

PO RAGTAREES PGE, oer nat cote mucin Sewer ciowinee wep mene eeens Fell 7 mm. (101 to 94). 

Ba Catt jal 
1 to 100; 1 ¢. ec. 

Z(C2Hs)s 

\\cH.CH:0H 
0.65 per cent, 1c. ¢. 

CH2N(CHs)3Cl 

PANINI (CEE) eee co tank 2 hs, ee Fell 30 mm. (104 to 74). 

H2N(CHs3)3C1 
i to 000; Lee: 

CHeN (C2H5)3Cl 

51 1s COX (OLE FOO } SRS Ges Ca onaae sua uddodsocdocosodUnSnGetdancaee 0. 

CH2N(C2H5)3Cl 
0.92 per cent, 1c. c. 

CH2N(CHs)3Cl 

TRE OHO RCON Coco t cad i a ree Fell 26 mm. (110 to 84). 

H2N(CHs3)3Cl 
ito) 200) desc: 

Brees, te AB ete oe. ae Sle eee Rose 14 mm. (98 to 112). 

10; |penzoyl-cholime (eg —)\'s-5-a-2—-ee peers cen eeeen Ts eects Rose 12 mm. (106 to 118). 
i te200; 1, ec: t 

CH2N(CHs)sCl 

19 EO (BHO S22. ode toad no Oe ee ee Fell 26 mm. (112,to 86). 

as wen gery 
101200} AKesc; 

14) AtTOpIne fo. cooe one ocee ee sence ceee eee bere eee eee 
5 mg. 

CH2N(CH3)3C1 

16 HO (CgpHECO) i ascites ore ctacicte craic ce nisislois ines e sie miniaeiotals See 0. 

HeN(CH3)3C1 
1) to: 200) ese; 

CH2N(CH3)3C1 

19) |} CHOBE. ON © bhp tases tact nous pees otek ple ape eeeeeie me 0. 

H2N(CH3)3C1 
1 to 100, 1c. ¢c. 

24 | Choline (chloriydrine process)! <2... cere cemeetclem seas 0. 
LATO UU pe Cac. 

CH2N(C2Hs)3Cl ; 

30 ORS escalation ae ee Ce Se ene eee ee Fell 9 mm. (106 to 97). 

bir (CoHs),C1 
1 to 100, 1 c. ¢. 
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EXPERIMENT 283.—CAT, 2.9 K. URETHANE AND CHLORAL; CURARE—Continued. 

e, Compound. Blood pressure. 

Z(CaHs)s 

\\cH.CH.OH 
0.65 per cent, 1c. c. 

CH2N(CHs)3Cl 

SEIS OF on wn se ccasaccccvecccessscsascconcscceccces Fell 6 mm. (111 to 105). 

= a LOes) 00 
to 200, 1c. c. 

CH2N (C2Hs5)3C1 

A ee Rose 7 mm. (111 to 118). 

H2N(C2Hs5)3C1 
0.92 per cent, 1 c.c. 

ZZ(C3H7)s3 

\cHiCHO(CH:CO)CH; 
L2) percent, 1c. c. 

Z (Cos) = | 

\cH:CHOHCH:C! 
1 to7200; £ cc. 

acon e whine x nace d wesc siaeccossccscnems~e Fell 31 mm. (110 to 79). 
1 to 10,000, 0.6 c.c. 

ZZ (CoH) 

\cH:CHOHCH; 
1 to 100, 1 ec. c. 

Dace tatianda iva vadalcsevaaneneuedwasence Fell 9mm. (116 to 107); rose 8 mm. 
(116 to 124). 

IRR ee Rose 8 mm. (106 to 109). 

ESO 
7 mg. 

0) heii eG ih ii] (0's re 0. 
1 to 10,000, 1 c.c. 

Z(CsHi1)3 
nn 1 
\cH:CHO(CH;CO) CHCl 
1 to 100, 0.6 c.¢. 

ZA(CsHu1)3 
N 

ae cojcn, 
1 to 200, 0.6 c.c. 

CH2N(C2Hs5)3Cl 

| 36 : ERO Be clan ciaic cionla s.c/ee ios enu cules wucicieme cies Fell 5 mm. (124 to 119). 

ace (CeH5)3C1 

OCIS? See ee eee ere Rose 21 mm. (108 to 129). (Remain- 
ed high.) 

ccc c tec scceesescocececeeses Rose 9mm. (123 to 132). 

wtow00; Weve. 

CH2N(CHs3)3Cl 

40 COE In) BBE: aaj civiccn acess occ ssscccenecesscetccecscies 0. 

HeN(CHs3)s3Cl 
1.3 per cent, 1 c.c. 

ZAA(CsHi)3 

\cHCHO(CH;CO)CH:CI 
me tolOvs 2ic..c. 

Mememibrarenalin 1 to 5,000..............----.-0eee--eeeeeeee ees Rose 39 mm. (110 to 149). 
(Old solution), 1 ¢c.¢. 



EXPERIMENT 284.—CAT, 2.49 K. 

Time. Compound. 

CH2N (C2H5)3Cl 
HT. ‘mi: 
TL) 24 : HLOEY Phi eins seem cassaee sae 

CH2N(Ce2H5)3Cl 
1 to 100, (old solution) 1 c.c. 

CH2N(CoH5)3C] 

APL Ges UC) COTE TO] 0) eh sane a Se set sat oe 

He2N(Ce2Hs)3Cl 
0.92 per cent. 1c.c. 

CH2N(CHs3)s3Cl 

36 HO (CHSCO) ire canictesnsssenios cccee ei 

Be 
to 200, 1 c.c. 

49 | Choline (chlorhydrine process) ...... 
1 to 200, 1 c.c. 

CH2N(CHs3)3C1 

53 HOH 

H2N (CH3)3C1 
1 to 100, 1 c.c. 

De KO MOMME oe soce flee Aeciseeeieeceene 
to 100 Sexe: 

Z(CHs)2 
2) a PGLING 5) Se ee a Tee ae 

< (CHeCH20(CsH5sCO) “| 
1 to 100, 1 c.e 

16 | Benzoyl-choline (egg) ............... 
2 t0'200) ere: 

27 | Benzoyl-choline (egg) ...........-.... 
1.18 per cent, 2 c. c. subcut. 

49 | CIN? 

1 to 200, 1 c. ec. 

CH.N(CH3);Cl 

13 |4CHO(CeH;CO) 

H2N(CHs3)s3Cl 
i 10:200; 1c: ie: 

18 | Benzoyl-choline (egg)...............- 
J to: 200; 1 c.ic. 

ZACsH1)s 
30 CINZ 

1 to 100, 1 

(CHs)s H 
= 

cin Cc 

Nong ene 

| 
ie Bo os 

40 

neal 
H 

1 to 200, 1c. c 

daa seieteiht. 3 (ORR) Sete lees 

DY CH{CHO(CeHsCO )
CH20 (C6H;CO : See a

erate oes 

128 

URETHANE AND CHLORAL; CURARE. 

Blood pressure. 

Fell 6 mm. (70 to 64). 

oye oa) © to 52); rose 18 mm, | 

Fell 7 mm. (65 to 58). 

Fell 8 mm. (70 to 62). 

Fell 12 ae (70 to 58); rose 9 mm 

(70 to 79). 

Rose 11 mm. (62 to 78). 

Rose 50 mm. (60 to 110). Hear 
rate increased from 26 to 37 il 
10 see. 

Rose 9 mm. (68 to 77). 

Rose 17 mm. (73 to 90). Hea 
rate increased from 23 to 2 
beats in 10 sec. , 

i 

Rose 28 mm. (77 to 105). 
change in heart rate. 

Rose 13 mm. (82 to 95). Hea 
rate increasead from 24 to 
beats in 10 see. 

Fell 37 mm. (67 to 30). Hee 
slowed from 28 to 15 in 10 see. 

Rose 36 mm. (48 to 84). 
ep from 13 to 26 beat’ 3 
10 see 
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EXPERIMENT 284.—CAT, 2.49 K, i. 
| 

Compound, 

eee ra 

\\CH2CHO(CH;CO)CH20(CH;CO) 
Livper cent, 1c. c. 

Se ee ee 
1 to 200, 1.c. ¢. 

CHN(CH;);C! 

HO(Ce6HsCO) 

H2N (CHs3) 3Cl 
1 to 200, 1 c.c. 

Nicotine 
5 mg. 

CH2N(CHs3)3Cl 

HO(CsHsCO) 

JH2N(CH3)3Cl 
1 to 200, 1 c.c. 

30 

36 

53 i 

MUMMMMESCTICGHYIROINONIENG oles o/c ccc eccc ce acccccccuecesscsecsnssaeesiee 
Pro 200) I ele. 

Z(CsH7)s | 

\cHiCHO(CcHsCO)CH20 (CsH5CO) 
1 to 100, 1 ¢. ec. 

CIN 

Sholune (ehlorhyGrine process).....-.36-...-...-..2s000eee 
1 to 100,1 ¢.¢. 

Rela eas as cc's cele ss. wi no ainmace Ksleaetncnt scenes 
5 mg. 

SES | MENU RETR soca a o cclhs os-c cel dcis soe she de bade peceaes 
1 to 100,1 c.c. 

ZZ(C3H7)s 
50 as SAUL e: evans te Eee a 

CH2CHO(CsHsCO)CH20 (CsHsCO) 
i tooo: esc: 

ZZ(C3H7)s3 
on pes ved DRAB EEC RSE ESN 2 Py ake a 

CHeCHOHCH20H 
1 to 100,1c¢.c. 

CH H Zi 3)3 ‘ 

a ey, 
aa sae 

COE 

C 
H 

1 to 200,1c.c. 

EO a 
5 mg. 

. ZZ (C3H7) 
45 ne apie EEG ue Niles 

CH2CHO (C6H;CO)CH20(CsH5CO) 
1 to 100,1 ¢c.¢. 

UT SR TET) ARE IRIR UN o ia ig icicle anise ee Caw oaseedsaceseeee 
10 mg. 

ZZ (C3H7)3 

\cH:cHo( CeHsCO)CH20(CsHsCO) 
1 to 100,1 ¢.e. 

CIN 

° & a $ 

, Q QO e o—a— == 2 

64552°—11——_9 

URETHANE AND CHLORAL; CURARE—Continued, 

Blood pressure, 

Rose 56 mm. (72 to 77); fell 8 mm, 
(72 to 64). 

Rose 17 mm. (66 to 83). 

Fell 10mm. (66 to 56); rose 11 mm, 
(66 to 77). 

Rose 9 mm. (77 to 86); fell to 10 
mm.; returned to 58. 

Fell 4 mm. (58 to 62), 

Rose 15 mm. (65 to 80). 

Fell46mm. (88to42). Fellslowly. 
Heart rate increased from 21 to 
24 in 10 sec. 

Fell 25 mm. (88 to 63). 

Rose 7 mm. (97 to 104). 

Fell 21 mm. (97 to 76). 

Fell 4 mm. (96 to 92). 

Rose 23 mm. (89 to 112). 

Fell 14 mm. (95 to 81). 

Fell 16 mm. (86 to 70). 



12 

59 

15 

18 

31 

35 

39 

42 

45 

vA 

_ N 

Compound. Blood pressure. 

Z(C3H7)s 
NK 1h 0 fe Fell 27 mm. (132 to 105); return 

CH2CHO(CsHsCO)CH20(CsHsCO) then fell slowly to 90 mm. 
1 £0 200) 1c:¢; 

ZZ(C3H7)3 A 

\cH:CcHO (CeHcCO)CH,O(GARCO)| «s(t ; 
1 to 100, 1 ec. ec. subcutaneously. 

= (CH 
one as pigus eee Fell 5 mm. (138 to 133). 
Oe) OH sO ere) 

Z(CHs)s | 
INC _} esa releieea alee Rose 18 mm. (133 to 151). (Slig 

CHeCHO(CeHsCO)CH20(CsH5CO ) movements. ) , 
1 to 100, 1c. e. | 

Beore enone. (eBe) A eisor sto cis Saye te ie Ace eae eee ie ere Rose 50 mm. (131 to 181). Hea 
1 to 200; 1 c.¢ slowed from 38 to 34 beats in 

sec. 
=(CH ] 
Gai =o, oe Fell 36 mm. (107 to 71). 
\ cHsc#0(CHs00)CH:0(CHC0) 
1 to 200, 1 

Zz (CoH : 
ne es: Sat ORNS Fell (slowly) 21 mm, (122 to 101) 

CH2CHO(CH3C0O)CH20(CH3CO) i 
1 to 200, 0.5 c. ¢. 

Zz (CoH 
one Nea at ino Fell 18 mm. (126 to 198). Hes 

\cH2CHO(CH;CO)CH20(CH3CO) slowed from 37 to 31 beats in 
i to'200 Ike: e: sec. 

(CH 
on v3 2S ce RP aa oe ere Fell 14 mm. (122 to 108). 

(CH2CH20(CH3CO) }2 
1 to 100,000, 1c. e. 

CH 
on eee bo. 1 hs ie Fell 33 mm. (122 to 89). 

(CHeCH20(CH3CO) )2 : 
1 to 10,000, 1 ec. e. 

(CH 
on ap aicthtd BS Soe oe Sita tee Sn See Fell 22 mm. (118 to 96). 

CHeCHOHCH20H 
1 to 500, 1c. ec. 

Zz (CH 
ownZ | as J ostibel Go. eee Fell 27 mm, (115 to 88). 

\cHCH:CH,OH ; 
ito 1,000; 1 exc. 

—(CHs); 
one "> id NR tne ceed Spe Sauer Oye ee ea ae Fell 7 mm. (116 to 109). 

\\cH:CHOHCH; 
ETO, O00; 1s¢..c. 

a ZACH 
one BPRS Creer bse. Fell 13 mm. (101 to 88). 

\\cH,CHOHCH; 
1 to 200, 1 c.c. mt 

<= (CHs); 
y12 an eck esas ee ete ne Site ke eee eee Fell 28 mm. (101 to 73). 

\cH.CH.CH,0OH 
1 to 500, 1 c.c. 

Choline (chiorhydrine process) 2: <<c-e-t econ ei ae eeiee Fell 18 mm. (122 to 104). 
1 to 500, 1 c.e. 

_\CHs)s m 
= 

cINZ a is 

Cis 0-20 
_ EE et Sa ee Rose 54 mm. (135 to 189). 
| HC ube 

H 

130 

EXPERIMENT 286.—CAT, 3.25 K. URETHANE AND CHLORAL; CURARE. 

1 to 200, Ic. c. 
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. EXPERIMENT 286.—CAT, 3.25 K. URETHANE AND CHLORAL; CURARE—Continued. 

| eae 
ime. Compound, Blood pressure. 
_ i - . — —— 

m. ZZ(C3H7)s 
oN Nake Ritts ey wha siya We a lata nia sae Reba od dee Fell 16 mm, (142 to 126), 

' CHeCHOHCH20H 
i to 160; 1 ¢.c: 

—(C3H7) 3 
47 | CIN™ ¥ AY) Seog eA 0: 

\\cH2CHO(CH;CO)CH20(CH,CO) 
1.2 per cent, 1.c.c. 

EE 
5 mg. 

ZZ (C3H7)s 
1 
Se .2..00)08,0(c4H,c0) 
ito: 200, 1.c.c. 

ee) cine 
\cH2CHO(CH;CO)CH0(CH;CO) 
1.2 per cent, 1 c.c. 

ZZ(C3H7)s 

\cH:CHOHCH.0H 
2 to, 100, 1 cue. 

ZZ(CHs)s 35 | Cl 
\ catcH0 e100) 0H:0(CH:C0) 
ea per cent, I c.c 

ZZ (C2Hs)3 
cna 

\CH2CHO(CH;CO)CH;0(CH,CO) 
0.93 per cent, 1 ¢c. ¢c. 

AACHs)s ! 
\cH:CHOHCH,OH 
ETOLOO TT @.1c: 

Z7(CHs)z 
CIN: ne gue St oe Neigh oe Beard eee Fell 18 mm. (44 to 26). 
1 \(CHsCH20(CH:C0))2 
1 to 100, 1 

ZZ(CHs)s 

\cH,CHOHCH; 
Eto 100; ese: 

<2 (CHs3)3 
Nx. 
\\cH»CH.CH.0H 
ito 100; Ie. c. 

ZZ (C3H7)3 
| ] 
| ee 

to 100; fe. c. 

I anew edine esc Fell 68 mm. (135 to 67). 

A a thee Eee Ie ae | Fell 6 mm. (103 to 97). 

UCT UMM 0 Sistas sci cookie cclccccececeteccacesews Fell 11 mm. (115 to 104). 

Reece depebecbees Fell (slowly) 32 mm. (118 to 81). 

15.| CIN 

1 a 

Be eee icc, SA fe eine ae Sy foarte eee Fell 4 mm. (41 to 87). 

oe EO EES REIT: aR ee oe Fell 6 mm. (40 to 34). 24 

Pel Sh SP Qa pt | Fell (slowly) 14 mm. (61 to 47). 

EXPERIMENT 289.—CAT, 3.82 K. URETHANE AND CHLORAL; CURARE. 

58 
ZZ (CsHi1)3 

mS Seale bs EVN ally 3 | Fell 10 mm. (146 to 136). 
\ cHCHO(CH,CO)CH:0(CH.CO) 
1 to 1,000, 1 c. ¢. 

ZA (CsHi1)s 
oO cina 

\cH:CHOHCH,OH 
1 to 200, le. c. 

Z7(CsHi1)s 
8 cina 

\cH.CHOHCH.OH 
1 to 100, 1 e. e. 

Behee vaeaeg | Hv Beer at ae. Jb Bie Brey Olde bee 

Fell 20 mm. (120 to 100); rose 20 
mm. (120 to 140). 
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EXPERIMENT 289,—CAT, 3.82 K.—URETHANE AND CHLORAL; CURARE—Continued. 

Time. Compound. Blood pressure. 

H. m. Z(CsHur)s 
14 CI eRe ORs Fell 26 mm. (139 to 113). (R 

CH2CHO(CH3CO)CH20(CH3CO) turned very slowly.) 
1 to 200, 1c. ¢. 

Z(CsHu1)s 
19 SS aso e'e phe bigs pistols eine Sipimin aie faltnie eats Rose 7 mm. (117 to 124); fell 

CH»sCHOHCH:20H mm. (117to 96); rose to 135 mr 
1 to 100, 1 ¢. ¢. . 

Z(CsHu1)3 a 
BE RN a he a ee oh eee Rose 15 mm. (133 to 148); fi 

CLs ae (slowly) 52mm. (133 to 81). 
1 to 100, 1 ce. c¢. turned slowly. 

Z(CsHi1)3 
49 | CIN 

\\cH»CHOHCH;0H 
1 to 100, 1¢.¢. 

vets aire wiathes c Seb Ween ER Eee Lee Fell 30 mm, (133 to 108). 

Z(CsHn1)3 
55 Saleh xi ceetdlelbve se eet, cess 0. 

CH2CHO(CH3CO)CH20(CH3CO) 
1.4 per cent, 1c. ¢. subcut. 

EXPERIMENT 290.—CAT, 3.25 K. URETHANE AND CHLORAL; CURARE, 

ZZ(CHs)3 
2 wa nels emialel Wate pints oii ele Coa ww cin ep aoinlalst a tee era Fell 23 mm. (66 to 43); rose 14 mr 

CH.OH (66 to 80). 
tol 000s Gric: 

ZZ \CHs)s3 
13 et palo ris one hee eaaialam an a/rigle/antelaesteiela tenia Fell 10 mm. (60 to 50); rose 6 mi 

CH20CH3 (69 to 66). 
1 to 1,000, 1c. ¢. 

Z(CHs)s . 
19 Bee Ze ch deutsche taeeacle Snaa, dart wee meinen eee eae Fell 13 mm. (70 to 57); rose 14m 

CH20CHs3 (70 to 84). 
2) to'500; 1 c.\¢: 

ZZ(CHs3)s3 
24 i eee eile ed aR Fell 26mm. (65 to 39); rose 13 m 

CH.OH (65 to 78). 
ATO O00 NL Crc. 

, Z(CH3)3 
40 | ‘‘Choline” @ from ele teehee. heaterene Fell 37 mm. (64 to 27). H 

CHeCH20CoH;s slowed from 34 to 12 beats it 
1 10121000, 1 e@..c: sec. 

54s CHOU Ee (ESE ann coc mae onesies eeeieciee e een nee wee ee cmmemeas Fell 6 mm. (64 to 58). 
1 to 500, 1c. ¢c. ‘ 

ZZ(CsH1)3 
8 2 CIS awakints lonsc avpabion enact omer teenie Rose 16 mm. (61 to 77). 

CHeCHOHCH,0OH 
I toOrZ00} Lear: 

Z(CsHn) : 6 ne ; ig 2 Re ea an Fell 6 mm, (66 to 60); rose 7 1 
CH2CHO(CH;CO)CH20(CH3CO) (66 to 73). Heart rate incre 

1 to 200, 1 c. c. from 06 to 40 beats in 10 see 

Z(CHs)s -_ 
4 | CINS Rene me 4 on heals al eerie Fell 11 mm. (57 to 46). . 

CH.,.CHOHCH,OH 
1 to 500, 1 c.c. 

Z(C2Hs) 
17 cInS SME: rr MUN ie fat Rose 10 mm. (56 to 66). 

CH»CHOHCH:,0OH 
FT £05200, ie.c, 

aThe platinum double salt of this contained 31.33 per cent platinum (31.63 required for cho 

22.65 for the ethyl ether); it was doubtless contaminated with the ethyl ether from which it resu 

The latter ig a much more poisonous substance than choline (Meyer, Liebig’s Annalen, 190: 

p. 50). 



EXPERIMENT 290.—CAT, 3.25 K. URETHANE AND CHLORAL; CURARE—Continued., 

43 

57 

59 

16 

23 

25 

34 

41 

51 

Compound, 

TED Sater aL Foie k ja ds osu cnidecdccuvaddebananwecacacs 
IPEO LOU) LC, C. 

non ; te Ia a ae ae ee eR 
\cH.0H 
1 to 1,000, 1¢. ¢. 

wee | 

ao 

SALES (2) en re ee Cee eee : 

‘‘Choline’’ from CIN 

\cH.0CH; 
1 to 500, 1 c.c. 

\cH0CH; 
1 to 1,000, 1 e.c. 

1 to 500, 1 c.c. 

A(CHs)s 

\ cH2CH20C2Hs 
1 to 2,000, 1 c.¢. 

JM iP DUI. Sot 52058506 goer See eee eee A eee 

P, 

“Choline’’ from CIN 

5 mg. 

ZZ (CHs)3 

\cH.OH 
1 to 1,000, 1 ec. e. 

Z2(CHs)s 

\cH.0H 
1 to 100, 1 ce. c. 

Z(CHs)s 

\cH2CH:002H; 
1 to 1,000, 1 c.c. 

(CHLOE: (2 2s ee ee Ee eo ere Mee ree See 

hes 

CIN 

CIN 

7 (CoH) 

cael 

ne (CHs)s 

1 to 100, 1 e.c. 

1 to 500, 1c.c. 

\cH:CHO(CH3CO)CH:0(CH;CO) 
1 to 200; 1 c.c. 

\cH.0CH3 
1 to 100, 1 c.e. 

ZA(CoHi1)3 

\\cH:CHOHCH.OH 
1 to 100, 1 c.c. 

Z(CHs)s ! 

\cH:CHOHCH.OH 
i to 200; 1 c..c. 

\cHCHO(CH3CO)CH0(CH;CO) 
1 to 200, 1 c.c. 

eee ise oc faa. pee as ose s>ee <5 aMapign tases awe 
10 mg. 

Blood pressure. 

Rose 16 mm. (72 to 88); fell 26 mim. 
: (72 to 46), 

MEPs Strate <=) a cinta e wietdiw midi <icle wate Boe seb Oradea eee | Rose 20 mm, (71 to 91), 

| Fell 7 mm. (82 to 75); rose 14 mm, 
(82 to 96). 

Rose 8 mm. (77 to 85). 

Fell 35 mm. (80 to 45). 

| Rose 25 mm. (83 to 108). 

Rose 28 mm. (86 to 114). 

Rose 19 mm. (90 to 109). 

Rose 11 mm. (94 to 105). 

Fell 23 mm. (96 to 73). 

Rose 26 mm. (80 to 106). 

Fell 11 mm. (77 to 66). 

Fell 21 mm. (87 to 66). 

Fell. 
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EXPERIMENT 290.—CA1, 3.25 K. URETHANE AND CHLORAL; CURARE-—Continued. 

Time. Compound. Blooa pressure. 

TT. 7 2 nF CoH) 
1 
\cH:CHO(CH;CO) CH20(CH3CO) 
1 to 200, 1 c.c. 

Behe hath anes eee Fell 7 mm. (56 to 49). 

DON PATTODING pee a. hashish Sas aes ecicw ace aenteeeie ererer 
10 mg. 

nZ (CsHi1)s 

\cH:CHO(CH:CO)CH:0(CH;CO) 
1to;2005 0. C.C- 

Asi BOTH ee oe eee inc a cn ere eleiels owl cle cxte ec ertee Brett tee eee 0. 
TORO, 2G 3c: F 

s Peseeent tee Ao hte, Fell 8 mm. (54 to 46). 

10)] Chlorsceio-pynacasechine |. 2. 6 2.0.6 cnt on Se eee ee Fell 27 mm. (52 to 25). (F 
Ito 1001 ccc: slowly.) 

| | | FOI Ct IS tO OR peo SI HS Rose 23 mm. (57 to 80). 

CH3 

1D 407) CVNet ea ee oot oave ctacstey tte te toe ie eieletaiate 0. 

\C:H4OC2H,OH 
Ib oy P2Hat0 08 IL Ces (es 

CH3 

35 Ce EDINA i gee eerie ein ey Bene AS dse sh 24 Joon 0. 

\.C2H40C2HsOH 
1) to. 2505 Lene. 

CHzs 

46 | Benzoyl derivative of CLHN—H ~~ p.......-----+- 0. 

| 1 to 4,000, 1 e. « \C:Hs0C2H,OH 

’ ’ eG 

CH; 

48 | Benzoyl] derivative of CLIHN—H | a eee Fell] 38 mm. (88 to 45). 

\C2H10C2H.0H 
2.5 per cent, 1c. c. 

CHz 

53 | Acetyl derivative of C]1HN—H aie Sete es te 0. 

\C2H4OC2H.OH 
1 to 10,000, 1 ¢. ¢. 

CHg3 

58 | Acetyl derivative of CIHN—H Ot PE i Fell 16 mm. (80 to 64). 

\.@oH«OC2H,OH 
Ato 1,000; 1s¢e.%e; 

/ Cbs | 

1 00 | Benzoyl derivative of CIHN—-H OPED Pe moor se Fell 23 mm. (80 to 47). 

\ oH,0CH,OH| 
2.5 per cent, 1c. c. 

$ | Atropine sulphate .... ..)-sss00<s o-emees Subs eee ee 
2 mg. 
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| EXPERIMENT 296.—KITTEN, 11K. CHLORAL; URETHANE; SOME CURARE—Continued. 

Compound. | Blood pressure. 
pile hes 

CH; 

Benzoyl derivative of CIHN—H  Ku__}.......... Fell 49 mm, (60 to 20). Heart 
\ GH.0c.H,0H] slowed, 

2.5 per cent, 1c. c. 

\.C2HsOC2H,OH 
i 101,000, 1 c. c. 

cs CHs | 7 
8 | Acetyl derivativeofCIHN—H K&3>_ sz... . 2... ee 0. 

! / Hs 
9 | Acetyl derivative of CIHN—H  K3  ........ eee. 0. 

. \.C2Hi0C2HiOH 
1 per cent, 1c. c. 

ha CHz3 

= 3a | Benzoyl derivativeof CIHN—H - »...........4. Fell 32 mm. (47 to 15). Heart 
\C2HiOC2HiOH slowed from 35 to 22 beats in 10 

2.5 per cent, 1¢. ¢. BEC 

EXPERIMENT 297.—CAT, 1.8K. CHLORAL; URETHANE; CURARE. 

CH; ' 

a2 56) Benzoyl derivativeof CIHN—H  }  >— >............. Fell 8 mm. (98 to 90); rose 12 mm. 
\ C2 Hs0C:H OH (98 to 110); fell slowly 15 mm, 

2.5 per cent, 1 c.c. ; (98 to 83). 

J Bg 

® 1/{| AcetylderivativeofCIHN—H .............. Fell 25 mm. (85 to 60). 

\.C:Hs0C2Hi0H 
1 to 1,000, 1 c.c. 

Fl Ghayolunices ((ChE/ 2) ee gg Fell 24 mm. (94 to 70). 
1 to 200, 1 c.c. 

GSU 2 Lh a a ee | Fell 35 mm. (104 to 69). 
1 to 3,330, 1 c.c. | 

a ce a | Fell 18 mm, (104 to 86); rose 10 
1 per cent, 1 c.c. mm. (104 to 114). 

en mnTOOLIG PMEDELG <<. 52 5.5.55 oe nees oss en ees e ee cede scene 
4.5 mg. 

i SS ee ee 0. 
1 to 3,330, 1 c.c. 

CH; 

24 | Benzoyl derivative of CIHN—H  ~>E_P........ Ste ae Fell 10 mm. (84 to 74). 

\ C2H4OC2HiOH 
2.5 per cent, 1 c.c. 

/ Os 

26 | Acetyl derivative of CIHN—H 7X3 ............-.-- 0. 

\C2H40C2H40H 
1 to 1,000, 1 c.c. 

ne) a-rom-1s0-capronyl-choline:- .............--<..-+--.e.-2--- Rose 54 mm. (80 to 134). 
1 to: 185, 1 c.c. 

RMS SS a a ns Rose 28 mm. (87 to 115). 
1 per cent, 1 ¢c.c. 

Seo o-BrOMt-isO-capronyl-choline: -.......-.2.---s++---+--see+ees Rose 84 mm. (76 to 110). 
HOM Lee: 

Pre Mia VIRCMOMMES= 46 S222 < aie.c «2nd cie dae Rsind sis bac eese see Rose 8 mm. (78 to 81). 
1 to 330, 1 c.c. 

SP TE NRT TEE: Leo all 8 Bee 8 OR ee nee Rose 21 mm. (79 to 100). 
1 per cent, c.c. 
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EXPERIMENT 298.—CAT, 3.8K. ETHER; NO CURARRE. 

a-Brom-iso-capronyl-choline 

136 

Compound. 

1 to 1,850, 1 c.c 

a-Brom-iso-capronyl-choline 
1 to 185, 1l¢.c 

Palmityl-choline 
1 to 3,330, 1c. 

Palmityl-choline 
1 to 1,000, 1 ¢. 

choles (egg)... 
PE tO 100) de¢.c; 

Acetyl derivative of CIHN—H 

1 to 1,000, 1 ¢. 

Atropine sulphat 
4 mg. 

a-Brom-iso-capronyl-choline 
ese: 1 to 185, 

a-Brom-iso-caprony]l-choline 

ee 

c. 

Cc. 

Lee 
| 

er ee i 

CH; 

\@2:H4OC2H,OH 
c; 

e 

a i eas 

2.7 per cent, 1c... 

Palmityl-choline 
1 to 1,000, 1c. 

Choline 

wee eee we ee wee eee ee ee ee ee ewe ee ee 

c. 

1 to 100, 1 c.e. 

Acetyl derivative of CIHN—H 

1 to 1,000, 1e. 

Benzoyl derivative of CLIHN—H 

CH3 

<a mont 
Gs 

/ CH: 

\.CoH.OC2H.0OH 
2.5 per cent, 1c.c. 

Blood pressure, 

Rose 48 mm. (127 to 175); fell 
mm. (127 to 104). 

Fell 22 (120 to 98). 

Fell 31 mm. (120 to 89). 

Fell 36 mm. (136 to 100). 

Fell 39 mm. (141 to 102), 

Rose 12 mm. (106 to 118). 

Rose 82 mm. (95 to 177). Hear 
rate increased from 37 to 42. 

Rose 10 mm. (92 to 102), 

Fell 20 mm. (92 to 72). 



HYGIENIC LABORATORY BULLETINS OF THE PUBLIC 
HEALTH AND MARINE-HOSPITAL SERVICE. 

The Hygienic Laboratory was established in New York, at the Marine Hospital on 

staten Island, August, 1887. It was transferred to Washington, with quarters in the 

sutler Building, June 11, 1891, and a new laboratory building, located in Washington, 
yas authorized by act of Congress March 3, 1901. 

The following bulletins [Bulls. Nos. 1-7, 1900 to 1902, Hyg. Lab., U. S. Mar.-Hosp. 
‘erv., Wash.] have been issued: 

*No. 1.—Preliminary note on the viability of the Bacillus pestis. By M.J. Rosenau. 
~ No. 2.—Formalin disinfection of baggage without apparatus. By M. J. Rosenau. 
*No. 3.—Sulphur dioxid as a germicidal agent. By H. D. Geddings. 
*No. 4.—Viability of the Bacillus pestis. By M. J. Rosenau. 

No. 5.—An investigation of a pathogenic microbe (B. typhi murium Danyz) applied 
o the destruction of rats. By M. J. Rosenau. 

*No. 6.—Disinfection against mosquitoes with formaldehyde and sulphur dioxid. 
sy M. J. Rosenau. 

No. 7.—Laboratory technique: Ring test for indol, by S. B. Grubbs and Edward 

‘francis; Collodium sacs, by 8. B. Grubbs and Edward Francis; Microphotography 
vith simple apparatus, by H. B. Parker. 
By act of Congress approved July 1,:1902, the name of the ‘‘United States Marine- 

Tospital Service’”’ was changed to the “‘ Public Health and Marine-Hospital Service of 
he United States,’ and three new divisions were added to the Hygienic Laboratory. 

Since the change of name of the Service the bulletins of the Hygienic Laboratory 
ave been continued in the same numerical order, as follows: 

*No. 8.—Laboratory course in pathology and bacteriology. By M. J. Rosenau. 
Revised edition, March, 1904.) 

*No. 9.—Presence of tetanus in commercial gelatin. By John F. Anderson. 
No. 10.—Report upon the prevalence and geographic distribution of hookworm dis- 

ase (uncinariasis or anchylostomiasis) in the United States. By Ch. Wardell Stiles. 

*No. 11.—An experimental investigation of Trypanosoma lewisi. By Edward 

‘rancis. 
*No. 12.—The bacteriological impurities of vaccine virus; an experimental study. 

sy M. J. Rosenau. 
*No. 13.—A statistical study of the intestinal parasites of 500 white male patients at 

he United States Government Hospital for the Insane; by Philip E. Garrison, Bray- 

on H. Ransom, and Earle C. Stevenson. A parasitic roundworm (Agamomermis 
ulicis n. g., Nn. sp.) in American mosquitoes (Culex sollicitans); by Ch. Wardell Stiles. 
‘he type species of the cestode genus Hymenolepis; by Ch. Wardell Stiles. 
No. 14.—Spotted fever (tick fever) of the Rocky Mountains; a new disease. By 

ohn F. Anderson. 
No. 15.—Inefficiency of ferrous sulphate as an antiseptic and germicide. By Allan 

. McLaughlin. 
*No. 16.—The antiseptic and germicidal properties of glycerin. By M.J. Rosenau. 

-*No. 17.—Illustrated key to the trematode parasites of man. By Ch. Wardell Stiles. 
*No. 18.—An account of the tapeworms of the genus Hymenolepis parasitic in man, 
acluding reports of several new cases of the dwarf tapeworm (H. nana) in the United 

tates. By Brayton H. Ransom. 
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*No. 19.—A method for inoculating animals with precise amounts. By M. 
Rosenau. 

*No. 20.—A zoological rpbicsuncetys into the cause, transmission, and source 0 
Rocky Mountain ‘“‘spotted fever.”” By Ch. Wardell Stiles. 

No. 21.—The immunity unit for standardizing diphtheria antitoxin (based on Ehr 

lich’s normal serum). Official standard prepared under the act approved July 1, 1902 

By M. J. Rosenau. a | 

*No. 22.—Chloride of zine as a deodorant, antiseptic, and germicide. By T. B 

McClintic. { 
*No. 23.—Changes in the Pharmacopceia of the United States of America. 

Decennial Revision. By Reid Hunt and Murray Galt Motter. 

No. 24.—The International Code of Zoological Nomenclature as applied to medicinil 

By Ch. Wardell Stiles. 

No. 25.—Illustrated key to the cestode parasites of man. By Ch. Wardell Stiles. 

No. 26.—On the stability of the oxidases and their conduct toward various reagents. _ 
The conduct of phenolphthalein in the animal organism. A test for saccharin, and 
a simple method of distinguishing between cumarin and vanillin. The toxicity of 
ozone and other oxidizing agents to lipase. The influence of chemical constitution on — 

the lipolytic hydrolysis of ethereal salts. By J. H. Kastle. | 

*No. 27.—The limitations of formaldehyde gas as a disinfectant with special refer- §), 

ence to car sanitation. By Thomas B. McClintic. 

*No. 28.—A statistical study of the prevalence of intestinal worms in man. By Ch. 

Wardell Stiles and Philip E. Garrison. 
*No. 29.—A study of the cause of sudden death following the injection of hors 

serum. By M. J. Rosenau and John F. Anderson. } 

No. 30.—I. Maternal transmission of immunity to diphtheria toxine. II. Maternal 
transmission of immunity to diphtheria toxine and hypersusceptibility to horse serum 

in the same animal. By John F. Anderson. | 

No. 31.—Variations in the peroxidase activity of the blood in health and disease 

By Joseph H. Kastle and Harold L. Amoss. 
No. 32.—A stomach lesion in guinea pigs caused by diphtheria toxine and its bear 

ing upon experimental gastric ulcer. By M. J. Rosenau and John F. Anderson. 

No. 33.—Studies in experimental alcoholism. By Reid Hunt. 
No. 34.—I. Agamofilaria georgiana n. sp., an apparently new roundworm parasit 

from the ankle of a negress. II. The zoological characters of the roundworm gent 
Filaria Mueller, 1787. III. Three new American cases of infection of man with hors 

hair worms (species Paragordius varius), with summary of all cases reported to dat 

By Ch. Wardell Stiles. 
*No, 35.—Report on the origin and prevalence of typhoid fever in the District 

Columbia. By M. J. Rosenau, L. L. Lumsden, and Joseph H. Kastle. (Includit 
articles contributed by Ch. Wardell Stiles, Joseph Goldberger, and A. M. Stimson 

No. 36.—Further studies upon hypersusceptibility and immunity. By M. J. Ros 

nau and John F. Anderson. | 

No. 37.—Index-catalogue of medical and veterinary zoology. Subjects: Trem 

toda and trematode diseases. By Ch. Wardell Stiles and Albert Hassall. ‘ 

No. 38.—The influence of antitoxin upon post-diphtheritic paralysis. By M.; 

Rosenau and John F. Anderson. 

No. 39.—The antiseptic and germicidal properties of solutions of formaldehyde an 

their action upon toxines. By John F. Anderson. 

No. 40.—1. The occurrence of a proliferating cestode larva (Sparganum proliferu 

in man in Florida, by Ch. Wardell Stiles. 2. A reexamination of the type specim 

of Filaria restiformis Leidy, 18830—=Agamomermis restiformis, by Ch. Wardell Stiles. 

Observations on two new parasitic trematode worms: /[Homalogaster philip pinen 

n. sp., Agamodistomum nanus n. sp., by Ch. Wardell Stiles and Joseph Goldberg 
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4. A reexamination of the original specimen of Tania saginata abietina (Weinland, 

1858), by Ch. Wardell Stiles and Joseph Goldberger. 
ql * No. 41.—Milk and its relation to the public health. By various authors. 

_ No. 42.—The thermal death points of pathogenic micro-organisms in milk. By 
._ J. Rosenau. ; 

_ No. 43.—The standardization of tetanus antitoxin (an American unit established 
under authority of the act of July 1, 1902). By M. J. Rosenau and John F. Anderson. 

No. 44.—Report No. 2 on the origin and prevalence of typhoid fever in the District 

of Columbia, 1907. By M. J. Rosenau, L. L. Lumsden, and Joseph H. Kastle. 
No. 45.—Further studies upon anaphylaxis. By M. J. Rosenau and John F. 

Anderson. 
No. 46.—Hepatozoon perniciosum (n. g., n. sp.); a haemogregarine pathogenic for 

white rats; with a description of the sexual cycle in the intermediate host, a mite 
(lelaps echidnimus). By W. W. Miller. 

- No. 47.—Studies on Thyroid: I. The relation of iodine to the physiological activity 
of thyroid preparations. By Reid Hunt and Atherton Seidell. 

No. 48.—The physiological standardization of digitalis. By Charles Wallis 
Edmund; and Worth Hale. 

No. 49.—Digest of comments on the United States Pharmacopoia. Eighth decen- 

nial revision for the period ending December 31, 1905. By Murray Galt Motter and 
Martin I. Wilbert. 

No. 50.—Further studies upon the phenomenon of anaphylaxis. By M. J. Rosenau 
and John F. Anderson. 

No. 51.—Chemical tests for blood. By Joseph H. Kastle. 
No. 52.—Report No. 3 on the origin and prevalence of typhoid fever in the District 

of Columbia (1908). By M. J. Rosenau, Leslie L. Lumsden, and Joseph H. Kastle. 

No. 53.—The influence of certain drugs upon the toxicity of acetanilide and anti- 
pyrine. By Worth Hale. 

No. 54.—The fixing power of alkaloids on volatile acids and its application to the 

estimation of alkaloids with the aid of phenolphthalein or by the Volhard method. 
By Elias Elvove. 

No. 55.—Quantitative pharmacological studies; adrenalin and adrenalin-like bodies. 
By W. H. Schultz. 

No. 56.—Milk and its relation to the public health. (Revised edition of Bulletin 

No. 41.) By various authors. 

No. 57.—I. The presence of tubercle bacilli in the circulating blood in clinical and 

experimental tuberculosis. By John F. Anderson. II. The viability of the tubercle 
bacillus. By M. J. Rosenau. 

No. 58.—Digest of comments on the Pharmacopeeia of the United States of America 
(eighth decennial revision) and the National Formulary for the period ending Decem- 

ber 31, 1906. By Murray Galt Motter and Martin I. Wilbert. 
No. 59.—The oxidases and other oxygen catalysts concerned in biological oxida- 

tions. By Joseph Hoeing Kastle. 
No. 60.—A study of the anatomy of Watsonius (n. g.), Watsoni of man, and of 19 

allied species of mammalian trematode worms of the superfamily Paramphistomoidea. 

By Ch. Wardell Stiles and Joseph Goldberger. 
No. 61.—Quantitative pharmacological studies: Relative physiological activity 

of some commercial solutions of epinephrin. By W. H. Schultz. 
No. 62.—The taxonomic value of the microscopic structure of the stigmal plates in 

the tick genus Dermacentor. By Ch. Wardell Stiles. 

No. 63.—Digest of comments on the Pharmacopeeia of the United States of America 
(eighth decennial revision) and the National Formulary (third edition) for the cal- 

endar year ending December 31, 1907. By Murray Galt Motter and Martin I. Wilbert. 
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: 

No. 64.—Studies upon anaphylaxis with special reference to the antibodies con- 
cerned. By John F. Anderson and W. H. Frost. 

No. 65.—Facts and problems of rabies. By A. M. Stimpson. 
No. 66.—I. The influence of age and temperature on the potency of diphtheria anti- 

toxin. By John F. Anderson. II. An organism (Pseudomonas protea) isolated from 
water, agglutinated by the serum of typhoid fever patients. By W. H. Frost. III. 

Some considerations on colorimetry, and a new colorimeter. By Norman Roberts. 
IV. A gas generator, in four forms, for laboratory and technical use. By Norman 

Roberts. 

No. 67.—The solubilities of the pharmacopeeial organic acids and their salts. By 

Atherton Seidell. . 

No. 68.—The bleaching of flour and the effect of nitrites on certain medicinal sub-— 
stances. By Worth Hale. 

No. 69.—The effects of restricted diet and of various diets upon the resistance of 
animals to certain poisons. By Reid Hunt. 

No. 70.—A study of melting-point determinations with special reference to the 
melting-point requirements of the United States Pharmacopeeia. By George A. 
Menge. 

No. 71.—1. Some known and three new Endoparasitic Trematodes from American 
fresh-water fish. By Joseph Goldberger. 2. On some new parasitic Trematode 
worms of the genus Telorchis. By Joseph Goldberger. 3. A newspecies of Athesmia 

from a monkey. By Joseph Goldberger and Charles G. Crane. 
No. 72.—I. Report on an Outbreak of Typhoid Fever at Omaha, Nebr. (1909- -1910), 

by L. L. Lumsden. II. The Water Supply of Williamson, W. Va., and its Relation 
to an Epidemic of Typhoid Fever. By W. H. Frost. 

No. 73.—The Effect of a Number of Derivatives of Choline and Analogous Comm 

pounds on the Blood Pressure. By Reid Hunt and R. de M. Taveau. 
In citing these bulletins, beginning with No. 8, bibliographers and authors are 

requested to adopt the following abbreviations: Bull. No. ——, Hyg. Lab., U.S. Pub. 
Health & Mar. Hosp. Serv., Wash., pp. —— 

\ 
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MAILING LIST. 

The Service will enter into exchange of publications with medical and scientific 

organizations, societies, laboratories, journals, and authors. ALL APPLICATIONS FOR 

THESE PUBLICATIONS SHOULD BE ADDRESSED TO THE ‘‘Surgeon-General, U. S. 

Public Health and Marine-Hospital Service, Washington, D. C.,” excepr 

THOSE MARKED (*),. 
The editions of the publications marked (*), available for distribution by the 

Surgeon-General of the Public Health and Marine-Hospital Service, have been 
exhausted. Copies may, however, be obtained from the Superintendent of Docu- 
ments, Government Printing Office, Washington, D. C., who sells publications at 
cost, and to whom requests for publications thus marked stiould be made. 
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ITALIS STANDARDIZATION AND THE VARIABILITY OF CRUDE 
! AND OF MEDICINAL PREPARATIONS: ' 

By Worrn Hater, 

fotant Pharmacologist, Division of Pharmacology, Hygienic Laboratory, United States 

Public Health and Marine-Hospital Service, Washington, D. (. 

The value of any drug depends upon its having the effect which 
perience and experiments have shown to be beneficial in the dis- 
sed condition. However, it is by no means suflicient that a given 
ug be shown to possess valuable medicinal properties; these must 
present in the commercial preparations of a drug in constant and 
finite amounts to secure the best therapeutic results. Yet drug 
ants and chemical substances used as drugs have long been known 
vary either in the amount of their active constituents orin purity, 
metimes because of natural and unpreventable causes; sometimes 
cause of accidental or intended contamination or adulteration. 
us has resulted in a serious condition of affairs as neither the doctor 
r the patient, who is really the most interested in the matter, could 
pend upon a remedy to produce a definite effect as a result of a 
ven dosage.’ 
To provide against such a balsa of affairs there were incorpo- 
ted in the last revision of the United States Pharmacopeia a number 
standards and purity tests to which the pharmacopeeial prepara- 
ms must conform. Especially is this true in the case of a number 
important drugs, such as opium, belladonna, nux vomica, etc., in 
uch the chief active constituents are capable of quantitative isola- 
m. With a considerable number of drugs this is not possible, at 
ust by chemical methods, for the reason that their active constitu- 
ts are not known or can not be isolated quantitatively by any 
the known chemical methods.? By far the most important drug 

Manuscript submitted for publication November 29, 1910. 
Since submitting this paper for publication my attention has been called to a case of poisoning, as fol- 

s: The patient, who suffered from chronic heart disease, had been receiving tincture of strophanthus in 

rtain dose. The prescription was refilled and the medication continued. After the second dose from 

new strophanthus tincture poisonous symptoms developed, although fortunately ultimate recovery 

ued after two days of serious illness. An assay made at this laboratory of the strophanthus showed 

t it was an exceedingly active preparation, and whereas the patient was supposed to be receiving the 

1e dose as of the old he actually received an amount of the active principle in this new preparation equal 

bout three times that of the strophanthus tincture which he had formerly been taking. 

In this group may be included the digitalis group of heart tonics—digitalis, strophanthus, squills, con- 

laria, apocynum, and suprarenal extract, ergot, cannabis indica, and aconite. 

: (5) 
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of this class is digitalis on account of its almost universal use it 
certain forms of heart disease. Digitalis, however, is a notoriously 
variable drug, its activity varying from 100 to 400 per cent, due to 
a large number of different factors. | 

The conditions modifying the activity of digitalis are briefly ¢ 
follows: 

THE CRUDE DRUG.' 

The locality in which the plants are grown has long been known to 
alter the amount of their active principles, a variation due not only 
to climatic conditions but also to variations in the soil. This factor 

is thought to be of considerable importance in the case of digitalis 
and at the present time the English leaves are considered to be the ° 
best, and these, as well as those from Germany, are believed to be 

superior to the American-grown leaves. Parenthetically it is to k i 

noted that Bohemian leaves are said to be so toxic that it is necessar 
in therapeutics to materially reduce the usual amounts given in order 
to avoid poisonous effects. It has been shown, however, that leaves 
from the same locality may vary widely in activity not on at differ- 
ent harvests, but, what is equally important, leaves of the same 
locality of the same harvest. As an example of these factors, Duf- 
field,? using a chemical method, stated that American loa are 
more toxic than English, and these in turn more toxic than German 
leaves. Edmunds,’ using a biological method, examined three phar- 
macopeeial tinctures made from German leaves and three from 
English leaves. According to his results the German leaves gave 
values of 8, 18, and 25; the English leaves values of 11, 20, and 29. 
Results so ee: as these certainly | throw obheltterk him doubt 
upon the value of the place of origin of the crude drug as a criterior 
of its activity, although other factors to be considered yen! probably 

played an important role in this variability. 
A somewhat more generally established dictum is that divitalis 

leaves gathered from wild-growing plants are more potent than those 

growing in gardens, an opinion first promulgated by William With 

ing,‘ the English physician, who introduced digitalis into regula 
medicine. This view is generally accepted at the persent time 

although certain pharmacopeeias recognize the cultivated leaf 

official. Almost equally well established also is the opinion t 

leaves gathered from second-year plants are the more active, and t | 

these should be gathered just at the beginning of the flowering season. : 
a 

of digitalis the reader is referred to Bulletin 48, The Standardization of Digitalis, Hyg. L ab., U. 878 

and Mar. Hosp. Service, 1909. 

2Duffield: Am. J. of Pharm., 1869, 41, 55. 

2 Edmunds: Journ. Am. Med. Ass., 1907, 48, 1744. 

4 Withering: An account of the foxglove and some of its medicinal uses. 1785. 

1 For a more extensive HD iioghapity of the literature relating to the various factors influencing the ot : 

| 
j 



Subsequent to this the activity of the leaves is thought to be some- 
vhat lessened because of the energy used in the formation of the 
ower and theseed.* Hart? believed, as the result of his experiments, 
hat the first-year leaves were more toxic than the second year’s 
rowth, but this is not the commonly accepted view, and the Inter- 
ational Convention recommends leaves of the second year’s growth 
athered as the plant begins to flower. 
_A great deal has been said about the deleterious action of certain 
nzymes which supposedly break up the unstable digitalis glucosides, 
he process being said to be especially rapid in the presence of hee 
nd moisture. Because of this great care is usually observed in 
rying the leaves, since the deleterious enzyme action is supposed 
@ be especially active at this time. As early as 1807, Hamilton,’ 
rom his clinical observations, warned physicians against the use of 
mproperly dried digitalis leaves, and a somewhat similar observation 
yas made by Tourdes* in 1867, who accounted for the greater potency 
f the digitalis obtained about Strassburg, from the fact that after 
areful selection the leaves were dried in the shade and later in an 

ven at a temperature of not over 40° C. (102° F.). The value of 
uch procedure by which the leaves are carefully and thoroughly 
ried has been emphasized by a number of more recent investiga- 
ions.* In most instances moderate heat is used, and it is also sug- 
ested that vacuum drying should be used, and that the leaves should 
e dried over lime,® the idea being to reduce the moisture content to 
uch a degree (1 to 2 per cent instead of 10 to 15 per cent, as in the 

rdinary methods) that the enzyme action would become so slight 
s to be practically of no importance. And having thus carefully 
ried the leaves, it has been suggested that they be kept in dark, 
ir-tight containers to prevent further absorption of moisture. It 
ould seem fairly well established that the leaves should be carefully 
nd quickly dried, but certain workers have found that preparations 
everal years old and quite open to the influence of the moisture of the 
ir were well preserved. Others, however, were very weak.’ But in 

pite of this evidence the careful drying and storing of leaves would 
eem to be not without importance, although possibly of somewhat 
288 importance than is ascribed to the method by the firms which 
xploit such carefully dried leaves. 

1 Focke: Arch. d. Pharm., 1903, 241, 128. 

2 Hart: Pharm. Journ. and Tr., 1908, 26, 440. 

? Hamilton: Observations on Fox Glove, 1807, p. 7. 
4Tourdes: Gaz. med. de Strasb., 1867, 27, p. 191. 
6 Focke Archiv d. Pharm., 1903, 241, 128. 

6 Bachem: Therap. Monatsh., 1908, 22, 303. 
7At the University of Michigan an assay of digitalis leaves at least eight years old, which had been stored 
lan ordinary paper bag, showed a high degree of activity and were of about the same value as recently 

urchased leaves. 
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The digitalis dialysates have been suggested as a means of securing Hy 
preparations in which no enzyme action was possible, and therefore | 
uniform and stable compounds; but biological and chemical inves 
tigations have shown that great variation was still to be found, pos 
sibly to be ascribed to seasonal variation in the drug plant. | 

MEDICINAL PREPARATIONS. 

The various methods which are used in preparing the crude d 
for medicinal purposes, and the variability in the keeping quality of 
these, are also important factors in lessening the chance of securing 
uniform digitalis products. Little need be said in this place about the 
pharmacopeeial preparations. The official tincture and _ infusion 
answer the requirements of the physician, while the fluid extract, # 
which is rarely if ever used as such, seems superfluous. Its most 
important and about its only use is in the manufacture of what may 
be termed artificial pharmacopeial tinctures or infusions. No one 
will deny that the method is simple, but the resulting preparation 
could never be called pharmacopeeial, nor is it at all possible that 
the resulting pseudo-tinctures or infusions even approximately rep- 
resent the regular pharmacopeial preparation of the same name. 
It is therefore somewhat surprising to find that some of the leading 
manufacturing houses are lending themselves to this practice by 
stating upon the labels of their fluid extracts, and even of prepara- 
tions made according to special formule, the methods of dilution to 
secure a pharmacopceial tincture or a pharmacopceial infusion. 

The manufacture of special digitalis products in the present unsat- §) 
isfactory state of digitalis standardization is also a questionable § 
procedure. Of course, a great deal of credit should be given to the | 
manufacturer for discovering and perfecting the methods by which ) 

preparations are made more attractive, uniform, and with less sec 
ondary action. With a drug such as digitalis, however, it would 
seem desirable to decrease rather than increase the number of special 
formule, and the manufacturers would perform a real favor to thos¢ 
suffering from heart disease if they withheld such preparations fron 
the market until careful experimentation and hosptial trial had 
shown them to have not only a real value over the older and officia 
preparations, but also to remain unchanged as a result of ageing 

At the present time a large part of their value lies in the greater profit | 
to the firm exploiting them, not in a better result to the patient whe 
uses them. In direct line with this it is worth while noting that 

several such preparations purchased from a retail pharmacist have- 

recently been examined at this laboratory,' and while some wer 

found to be more active than the pharmacopeial preparations, other 

1 Edmunds and Hale: Bulletin 48, U.S. P. H. and M. H. Service, Washington. 
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re much less potent; some had no digitalis action upon the heart. 
id one which had apparently deteriorated badly was direetly 
ressant to it, a result which, to say the least, would be very dis- 

trous to anyone suffering from heart disease. 

METHODS OF ASSAY. 
“4 

The knowledge that the crude drugs as well as that the prepara- 
ions of digitalis (or of the digitalis series) vary in strength is the 
esult of a large number of investigations in which a number of 
ifferent methods of determining the drug's activity have been used. 
‘hese include clinical, chemical, and biological methods, but at the 
resent time the clinical method has largely been supplanted by the 
ther two, and it is to be noted also that the biological method is in 
auch more general use than the chemical. Because these methods 
iffer so widely and because of the many modifications in the manner 
n which they are carried out, it is not so surprising that a great 
aany contradictory statements regarding this important group of 
eart tonics have been made. Nor should a very great degree of 
ecuracy be expected when it is noted that the chemical method 
epends on the estimation of only one of a number of active sub- 
tances, while conclusions drawn from biological investigations are 
ased on extremely varied methods of experimentation.. 

THE CHEMICAL METHOD. 

The chemical method as used at the present time depends upon 
he quantitative determination of the digitoxin content, the most 
ctive “pure” principle found in digitalis leaves. It must not be 
orgotten, however, that the chemistry of digitalis is very imper- 
ectly understood; that digitalis owes its activity to at least two 
ther principles, digitalein and digitalin, both of which exert a 
aarked digitalis action upon the heart. There is also no evidence 
0 show that these substances may not be present in varying pro- 
ortions, so that the digitoxin content might be relatively small 
nd yet the given sample of leaves be very active on account of a 
igh content of the other substances, a fact which the chemical method 
f assay would not demonstrate. The method is also questionable 
m account of the difficulty with which digitoxin is estimated. For 
xample, Barger and Shaw,’ two English investigators, after adding 
ligitoxin to an artificial tincture, were able to recover only 25 per 

1 The claim is sometimes made by those favoring an assay of the digitoxin that this procedure is anal- 

Zous to that of assaying opium by determining the morphine content and neglecting the presence of 

bdeine. This, however, does not appear to be quite the correct view, since codeine occurs in only about 

ne-thirtieth the amount in which morphine does and, moreover, it is about four times weaker in action. 

‘he amount of codeine therefore in the average specimen of opium would account for only about 1 per 

ent of its activity. 

2Barger & Shaw: Pharm. Jour. 1904, 19 249. 
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cent of the amount added. The estimation of the digitoxin content 
on account of these uncertain factors, could give therefore but 
incomplete idea of the actual value of a digitalis preparation. 

As a defense of the chemical method, a number of experimenter 
have compared it with the biological method, but the agreement ha 
been so slight as to give it little apparent value. The most con 
cordant results were obtained by Reed and Vanderkleed,! but a 
analysis of their finding shows a very imperfect parallelism.? I 
may be said, therefore, in the present state of our knowledge of the 
chemistry of digitalis that its chemical assay is not of practical value. 

BIOLOGICAL METHODS. 

The comparative value of the drugs comprising the digitalis group | 
has been more often studied by biological than by chemical methods. | 
Like all methods, however, whether clinical, chemical, or biological, | 
unless the various steps in such comparative assays are uniform and 
the same precautions are observed by all investigators, very variable § 
results are sure to follow, even when the same preparation is being — 
examined. And this is nots the present condition of affairs, for 
biological methods are applied by nearly every investigator in a | 
modified way, so that the results of such assays, although of rela- 
tive value, do not admit of absolute comparisons. ‘ 

In the large number of investigations that have been made since 
that by Koppe® in 1875, the methods have varied to such a degree . 
that when classified ceceine to their end reactions three distinct 
and separate type methods may be described. These type methods 
have undergone many modifications, so that under each several 
distinct submethods depending on animals used, methods of experi- 
mentation, time limits, temperature factors, etc., have been em- 
ployed. 

In a study of these type methods and certain of the more com- 
monly-used submethods, Edmunds and Hale‘ reported that no- 
very close agreement was found between the results obtained in an 
assay of a number of commercial preparations. However, it is 
noteworthy, as attesting the relative if not the absolute value of 
biological methods, that such preparations as tested weak by one 
method assayed ical by all, and those showing marked activity y 
by one did so by alll. | x 

i 

1 Reed and Vanderkleed: Am. Journ. of Pharm., 1908, 80, 110; 1910, 82, 453. 

2 It is of interest to note that nearly all investigators of the chemical method have used biological methods 

as a means ofcontrolling the former. This is of course an acknowledgment even by those who urge chemical 

standardization that biological methods are probably accurate, and to-day this belief is becoming more 

and more general, so that a larger number of manufacturers are adopting some one of the several biological 

methods as a test of the activity of their preparations of digitalis. 

3 Koppe: Arch. f. Exper. Path. u. Pharm., 1875, 3, 274. ,- 

4 Edmunds and Hale: The Physiological Standardization of Digitalis, Bull. 48, Hygienic Laboratory, 

U;, 8. P. Hand M...'8, } 
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ade use of partly upon the basis of experimental difficulties and 

partly on theoretical grounds. 

In the general toxic method the drug is given in sufficient doses 
to cause death without reference to the organ or organs chiefly 
flected. The method is usually carried out, using mammals asexperi- 
mental animals, and while this is buliewed! by some to be a step in 
the right action, on account of the closer relation between the 

higher animals, hen compared to cold-blooded animals (frogs) and 
man, certain peperimental evidence tends to show that this is not 
necessarily so. At least it is to be noted that death in such animals 

in certain cases apparently results from an action on the central 
aervous system while the heart, as recorded by blood-pressure trac- 
ings, is still in good condition. In other cases the respiratory move- 
ments are kept up some time after the heart has stopped beating 
and the blood pressure has fallen to zero. 

In this connection it is further urged that a digitalis preparation 
with a high percentage of the saponinlike body, digitonin, would 
cause death from the action of this poison, which depresses both the 
heart and the central nervous system. Thus such a preparation 
would show a high value by a general toxic method, although the 
heart tonic principles might be present in relatively small amounts, 
or of two preparations with the same proportion of substances acting 
on the heart that with the larger amount of the saponinlike body 
would assay stronger. In the general toxic method in which frogs 
are used, as in Houghton’s “12-hour method,” this objection would 
naturally lose some weight on account of the ability of such animals 
to live a considerable time independently of the central nervous 
system, the action of the drug being therefore presumably upon the 
heart. 
As a further objection it may be suggested also that a general 

toxic method would not show adulteration or accidental contamina- 
tion of a digitalis preparation, since a lethal effect could easily be 
secured from an action of any of a number of poisons, or possibly 
also from substances formed in the deterioration which digitalis prep- 
arations are known to undergo. To be certain of a heart tonic, a 
digitalis action, such a method would need to be controlled by tests 
upon the heart itself. 
_ The two other type methods are based on a general principle which 
it would seem worth while emphasizing—namely, that any biological 

assay method for any drug should take into account that action of 

the drug upon which its chief therapeutic usefulness rests and that 
in so far as practical difficulties did not especially interfere, this action 
should be made the basis of the biological method used in its assay. 
Such a principle would appear to be of much more importance than 
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that urged by certain investigators—namely, that mammals shoul 
be used rather than cold-blooded animals because of their closer §¥ 
biologic relation to man. The reaction of elemental tissues such ai 
muscle and nerve is qualitatively alike without regard to species, the 
difference only one of degree. | 

In the case of the digitalis group it would seem of considerable 
importance that the end reaction should be one involving the char 
acteristic effect of the group upon the circulatory apparatus and this, § 
as a matter of fact, is the basis of the two type methods in one of 
which the effect is manifested upon the arterial pressure as controlled 
by the vasomotor center, the muscular wall of the arterioles and upon § 
the output of the heart; in the second, the effect bemg manifested 9 

by changes in the heart muscle itself. 
With a substance such as epinephrin, the blood-pressure method 

offers many advantages. The action from very small doses is marked, 
and yet is so transient and so without accumulation effects that many | 

injections of the same or of other similar preparations may be made, 
using the same animal. In the case of digitalis, squills, convallaria,— 
and strophanthus, however, the immediate action from even com 
paratively large doses is never marked, is prolonged and accumulative, § 
so that a second injection is always modified by the first, thus making § 
a series of observations on the same animal an impossibility. 

The second type method of determining the comparative value of 
preparations of the digitalis series by noting their effects upon the 
heart, especially of the frog, is perhaps the oldest and at the present 
time the most widely used of all methods. On purely theoretical 
erounds such a type method would appear to be ideal on account of 
the close relation between the therapeutic use of the drug and the | 
end reaction in this type of assay. On practical grounds also some 
of the widely used submethods are very simple (though not so much 

as Houghton’s 12-hour method). 

Three submethods may be described, although others are occ 
sionally used; in one the isolated frogs’ heart is perfused; in one the 
drug is given to the intact animal, which is subsequently operated 
on to note the condition of the heart; in the other the drug is given 
to the animal subsequent to the operative procedure in which the 
heart is exposed. The chief advocate of the latter method is Focke, 
who operates on the unpithed animal, exposing the heart, and then 
injects the drug into alymph sac. The heart is then watched and the 
time noted at which complete systolic standstill takes place. The 
dose must be sufficiently large (usually one-fortieth of the animal’s 
weight of a 10 per cent infusion) to bring on this end reaction in from 

7 to 15 minutes, and the strength of the preparation ‘‘V”’ is deter: 
mined by a formula in which the weight of the frog is divided by the 
dose multiplied by the time in minutes until the reaction is complete 
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: Focke’s method seems open, however , to a number of objec tions, 
in spite of the fact that the action on the heart is taken as the basis 
of the end reaction. In the first place, Focke exposes the heart by 
cutting away the sternum in the unpithed frog. This he claims’ 
auses no suffering, since the pain sense in the lower orders of animal 
lifeis very imperfectly, if at all, developed. Such aconelusion, however, 
seems based on purely theoretical grounds, and although the sense 
of pain is probably not highly developed in this animal, it would seem 
better to resort to pithing. If pithing or the slight loss of blood which 
follows would interfere with the accuracy of the method, it would 
appear better to discard the method. 
From an experimental point of view the method presents further 
difficulties also. Several observers have commented on the fact 
that there is great difficulty in determining the exact moment at 
which the heart may be said to be in permanent systole. The modifi- 
sation of observing the cessation of the movement of the corpuscles 
in the web of the frog’s foot is also very unsatisfactory. The difficulty 
of determining the definite end period undoubtedly brings about a 
sertain amount of inaccuracy and might account for the variability 
n results which other writers have reported. Thus according to 
Edmunds and Hale? the results obtained with the same preparation 
mM. a series of frogs varied as much as 100 per cent, and according to 
Jhevalier * who, however, did not observe the time limits suggested 
xy Focke, as much as 400 to 600 per cent. Focke’s * own figures, 
uiter eliminating certain results which, with the same dosage, fall 
yutside the range of the established time limits, vary as much as 72 
yer cent. 
In this method also the injection of large doses is required (0.5 

0 0.8 c. c.) to bring on the end reaction within the specified time 
imits. Focke’s* observations with Rana Temporaria is that such 
loses are quickly absorbed, but my own observations on Rana 
Yipiens, the common grass frog of the section of the United States 
ast of the Rocky Mountains, is that the absorption is often much 
lelayed. Further, also very much smaller doses will cause systolic 
ttoppage of the frog’s heart by allowing a longer time for absorption, 
ind accordingly it would seem very obvious that the end reaction is 
ought on by a fraction of the dose used. 
The method of using the isolated frog’s heart as a test object for 
ligitalis and allied drugs, is based on the ground that the total amount 
f drug acts directly on the heart through the perfusion fluid without 
he question of imperfect or delayed absorption entering into the 

1 Focke: Archiv. der Pharm., 1910, 248, 352. 
2Edmunds and Hale: The Standardization of Digitalis. Bull. 48, Hygienic Laboratory, U. S. P. H. 

nd M. H. Service, Washington, p. 46. 

8 Chevalier: Les Nouveaux Remédes, 1910, 27, 124. 

4Focke; Archiv, der Pharm., 1910, 248, 258, 
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problem. Edmunds and Hale? reported in 1909 that no very clos 
agreement was to be found in the time in which the heart cease 
beating, but Krailsheimer? and Schmiedeberg* have recently made 
a further study of this method, obtaining somewhat more concorda 
results. Their figures also show some wide variations, however, thus 
one heart stopped beating after .10, 14, and 20 minutes; in anothe 
case after 22 to 39 minutes. It seems likely that this lack of un 
formity may be due to a possible greater or more variable precipita 
tion by the perfusion fluid of the active digitalis principles in the 
same preparation and certainly in the case of different preparations 
The temperature factor is also an important one, and to secure the 
best results, an absolutely uniform temperature of the perfusion 
fluid should be maintained. 7 

So far as operative technique is concerned this method is one of the 
most complex of all those which have been proposed, and could only 
be employed by investigators having considerable experience in 
perfusion work if anything like comparative results were to ) 
expected. In any case also certain results would need to be discarded 
arbitrarily, as has been done by Schmiedeberg, because such results 
seemed to be outside the usual limits for the drug in question. 

In the third submethod, that of examining the heart at some tim 
subsequent to the injection of the drug, the chief points of difference 
in the manner of experimentation is in the time at the end of which 
the heart of the frog should be found in complete systole. Time 
limits varying from 30 minutes to 2 hours have been used. 4 

This method has been provisionally adopted at this laboratory for) 
testing digitalis and allied preparations. The general method : 
procedure is essentially the same as that suggested by Famulen 
and Lyons,! in which the permanent systole of the frog’s ventricle at 
the end of exactly 1 hour ® is taken as the end reaction. Some slight) 
modifications have been made, the chief of which is that the assays 
are all carried out at a constant temperature, as it is believed that 
this precaution results in greater accuracy. The drug is injected 
through the mouth into the anterior lymph sac of the intact frog 
(Rana pipiens) and at the end of an hour the animal is pithed (both 
brain and cord) and the thorax opened. The condition of the heart 
is then noted and a smaller or larger dose is injected as indicated. 
To hasten the assay a series of three frogs is usually given doses 
which vary quite widely and an approximate dose is estimated from 
these preliminary results. By successively narrowing the limits of 

1 Edmunds and Hale: Bull. Hyg. Lab., No. 48, 1909. 

2 Krailsheimer: Arch. f. exper. Path. u. Pharm., 1910, 62, 296. 

3 Schmiedeberg: Ibid., p. 305. 

4 Famulener and Lyons: Proc. Am. Pharm. Ass., 1902, 50, 415. ; 

5 The method of using the action of digitalis on the frog’s heart as an assay method was first cartteall out 

under the direction and at the suggestion of Prof. A, R, Cushny, ‘5 
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osage that amount just necessary to produce the end reaction may 
determined by the use of from 8 to 12 frogs. 

The method has the advantage of comparative simplicity so far 
operative technique is concerned. The animals are always easily 

btained and even if not obtainable in the immediate vicinity of the 
aboratory they can be easily shipped by express from long distances. 
n this connection it is worth while calling attention to the difficulty 
of obtaining a suitable number of mammals, especially cats, rabbits, 
r dogs, for carrying out such tests on warm-blooded animale when a 

ge number of assays are to be made. The number of assays to be 
reported on in the following pages would have been absolutely 
impossible on this ground alone. Of less importance also is that of 

cost. Frogs for an assay would cost approximately 50 cents. If 
mammals are used, on the basis that at least three should be used 
for each assay, the cost would be from $2 to $3, while to this would 
be added the expense of food supplies, etc., which in the case of the 
higher animals is a considerable item. However, the question of 
expense is regarded as purely secondary. 

Objections have been made against all biological methods as 
affording even approximately accurate results in the assay of digitalis. 
One very large manufacturer states as the position of his firm that 
they ‘‘do not think it right to control the effect of their medicines on 
man by experiments on the lower animals.’”’! This does not seem 
to be the general or progressive view of the question, however, and 
Hatcher ? has recently stated that by the use of a lethal dose method 
for cats assays may be made with an error of only 3 per cent. 

Objections have been made specifically against the use of the frog 
for making assays of the digitalis group usually on the ground that 
the frog is notoriously variable in its reaction to the influence of the 
digitalis group. It seems, however, that the variability of frogs 
kept under proper conditions has been very much overstated. At 
least after a rather extended experience with one species, Rana 
pipiens, I am inclined to lay less stress upon the variation due to age, 
sex, size, and season than have certain other workers. The varia- 
bility of their results have been ascribed to variation in the reaction 
of the frogs used whereas a number of other easily applied precautions, 
such as are necessary in any quantitative study, would possibly have 
yielded much more uniform results. 
_ Frogs for assay purposes should be healthy and no difficulty has 
been experienced in maintaining such a condition. If the storage 
tanks be kept at a suitable temperature, 10° to 15° centigrade, frogs 

will live for months with absolutely no care excepting that they be 
supplied with running water. The temperature is a primary and 
important essential, however, as at the ordinary summer heat at 

1 Journal Am. Med. Ass., 1908, 51, 2133. ’ 

2 Hatcher: Journal Am. Med. Ass., 1910, 54, 1050; also Am. Jour. of Pharm., 1910, 82, 360, 
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this latitude it is not an unusual experience to remove daily from 1] 
to 20 per cent of dead frogs from the tanks. At 10° to 15° the death 
of a frog is a rare occurrence. | | 

A second precaution in using frogs as assay animals is that th 
experiments should be carried out at the same temperature. (C 
account of the fact that ordinary room temperature is most easil 
maintained in the operating room all assays are carried on at 22° 

A slightly higher temperature might not be inconsistent with accu: 
racy, but on account of the easy susceptibility of frogs to hea 
preferably lower temperatures rather than higher should be used. 
A simple apparatus makes constant temperatures easily possible, 

At this laboratory a large galvanized-iron pan is kept partly filled 
with water which is heated or cooled as is necessary and in this are)y 
placed the small cages also made of galvanized iron containing th | 
frogs. | 

While a difference in the weight of the frogs does not seem to be off 
cause of variability, it is probably much better to use frogs of medium 
weight, 20 to 35 grams, rather than very small or very large frogs. 
The nee should then be computed per gram of body weight. 

The amount of liquid injected should bear some direct relation t 
the size of the frog, and it is the custom not to use more than 0.015 
c. ¢. per gram of body weight. The unknown should be so dilutec 
or concentrated that approximately such a dose may be given. } 
this account, in making assays, of the crude drug, pharmacopceial 
tinctures are made up rather than the more easily prepared official 
infusion. The strength of the tincture is usually such that neither 
much dilution nor concentration is necessary while the infusion is so 
much less active that either large doses are required or concentration/ 
by the use of heat or more slowly at room temperature is necessary. 

The question of absorption is very important and in all cases where § 
it is incomplete the frog should be rejected as unfit for the assay. The 
lymph sac should be entirely empty of all but traces of fluid and clos 
adherance to this rule is absolutely essential in securing accurat 
results. 

Just what conditions predispose to delayed absorption has not beet 
determined. It is fairly apparent, however, that frogs which are no 
healthy are apt to show little absorption. This has been especially 
noted in apparently healthy frogs taken from a lot, part of which were 
dying with the so-called ‘‘red leg disease.” Not only does this disease 
fail to appear, however, but the general health and absorption of the 
animals is apparently much better if a temperature of 10° to 15° © 
is maintained for the storage tanks. | 

While thus expressing my belief in the frog as a suitable and, 
despite certain elemental precautions, a convenient animal for assaj 
purposes it has never been shown to what degree biological assays 
using either frogs or other animals, were accurate and especially 
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owing the therapeutic potency of a given preparation. It is gen- 
ally conceded, however, that the therapeutic efliciency of digitalis 

lepends largely on its contained digitoxin, digitalin, and digitalein, of 
rophanthus on the presence? of strophanthin, and of convallaria on 
he presence of convallamarin and that with increased amounts of 
ihese substances would come increased therapeutic effects in a direct 
roportion. It is granted, however, that the action might possibly be 
nodified to a slight degree by the presence in the crude drug of organic 
icids, resins, and chiefly by the saponin like body, digitonin, as affect- 
ng their absorption from the alimentary tract. Nevertheless if by 
he use of biological methods these so-called pure principles could be 
issayed quantitatively and it were shown that two grams would have 
louble the effect on frogs or other animals of half that amount the 
hherapeutic effect might be expressed in terms of biological activity. 
further, if combinations of two of these substances as in French and 
yerman digitalin showed by these tests merely a summation action 
he question of variation in the proportion of these substances would 
lot alter the therapeutic value as shown by biological assay methods. 
To this end a number of the so-called pure principles of digitalis, 

trophanthus, and convallaria were assayed according to the one hour 
rog heart method to determine their biologic activity. Stock solu- 
ions of crystalline digitoxin, French digitalin, German digitalin, 
ligitalein, strophanthin, and convallamarin were made up using in 
ll cases 25 per cent alcohol as a solvent on account of the insolubility 
f digitoxin and French digitalin in water, thus making possible com- 
arisons of the biological activity of the various principles. 
Digitoxin.—The assay of digitoxin was carried out in the manner 

Iready described using frogs of the same species (Rana pipiens) in 
his and in all subsequent assays of the other active principles which 
vere kept under the same conditions both in the storage tanks and 
n the operating room. Ten milligrams of crystalline digitoxin were 
lissolved in 25 c. c. of 50 per cent alcohol and after complete solu- 
ion was effected water was added to make 50 c. c. thus diluting the 
Icohol to 25 per cent. 
The results of this assay are shown in the following table. The 

lose in this and all subsequent tables is given in grams per gram of 
ody weight. 

of frog D toma | Result. | Remarks. 
in grams. ; | 

28 0. 000006 — | Beats. 
27 0. 000007 — Do. 
31 0. 000007 — Do. 
38 0. 000008 - Do. 
31 0. 000008 + Beats on stimulation. 
26 0. 000009 =F | Past end. 
32 0. 000009 a | Do. ; 
29 0. 000010 + | No beat on stimulation. 
36 0. 000010 —1 | Nonabsorption. 

1 The absorption of the injected drug should be complete in all cases to make the result of value. In case 
‘is incomplete, note should always be made of the fact as many variations in results are to be thus explained. 

70066°—Bull. 74—11 2 
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From the above assay it was estimated that the least dose producing 
systole of the heart in one hour was approximately 0.0000085 grams _ 
per gram weight. It is of interest to note in this connection also tha 
Famulener and Lyons‘! using approximately the same method and ¢ 
digitoxin made by the same firm reported an assay value of 0.0003: 
gram per 40 grams (standard) frog or 0.0000085 grams per gram body 
weight. 
Having thus determined the activity of the sample of digitoxin : 

chemist in the Division of Pharmacology was asked to prepare | 
unknown solutions for examination.? Three such were made by 
diluting the stock solution used in the preliminary assay. ess results 
of the assay of sample No. 1 were as follows: 

Weight 
of frog Dose. ! Result. Remarks. 

in grams 

29 0. 000008 — Beats. 
26 0. 000010 _ Do. 
35 0. 000010 _ Do. 
26 0. 000011 + Beats on stimulation. 
32 0. 000011 + Do. 
32 0. 000012 + No beat on stimulation. 
25 0. 000013 _ Nonabsorption. 

1 As the amount of drug per cubic centimeter was unknown, it was necessary to figure all doses on the 
basis of the milligrams per c. c. of the stock solution and then determine the amount of drug in the unknow 
by the ratio thus obtained between the two solutions. ‘ 

From the above results the assay value was estimated at 0.000011 
gram per gram of body weight. The ratio between this and the known 
solution therefore was 11 to 8.5, an inverse ratio since the larger dose 
represented the weaker solution. Figured in per cent therefore on 
the basis that 8.5=100 per cent according to the inverse proportion, - 
8.5:11:X :100=77.2 per cent. The unknown was 70 per cent of the 
known, thus indicating an error of 7.2 per cent. 
A second unknown was assayed in like manner, giving the following 

results: 

Weight 
_ of frog Dose.1 Result. Remarks. 
in grams. 

26 0. 000, 009 — Beats. 
24 0. 000, 010 — Do. 
27 0.000,011 | _ No beat; diastole. 
30 0.000,0115 oe Corner base ventricle beats. 
28 0.000, 012 + Beats on stimulation; systole. 
28 0.000,013 | + No beat on stimulation. 

1 In terms of digitoxin in stock solution. 

Judging from these results, the assay value of tie unknown wa 
estimated to be approximately 0.000,0115. The inverse ratio of the 

1 Famulener and Lyons: Proc. Am. Pharm. Ass., 1902, 50, 415. 

2 In order that no bias should enter into the determination of the amount of drug in solution, the per cer 

of the stock solutions or the amount by weight were only learned upon reporting the result of the biologie 

assay to the chemist who made up the solutions. 
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nown to the stock solution, therefore, was 11.5 to 8.5, the percentage 
fatio according to the inverse proportion 8.5 « 11.5 :100, being 100 
to 73.8 per cent. The unknown being by weight 5 0 per cent of the 
known, the results show an error of 3.8 per cent. 
f A third unknown was assayed. This solution required 0.000,0095 
in terms of the stock solution to produce the end reaction. The 
inverse ratio, therefore, was as 8.5 to 9.5, or in terms of per cent accord- 
ing to the inverse proportion, 89.3 per cent. As the unknown repre- 
sented 90 per cent of the stock solution, the error was 0.7 per cent. 

No estimations of unknown solutions made up by weight directly 
were carried out. 

French digitalin—This so-called pure principle is a mixture of 
zlucosides, consisting mainly of digitalin verum, was also assayed to 
determine its comparative biologic value. Twenty-five per cent 
alcohol was used as a solvent. The results of this assay are given in 
the following table: 

Weight 
of frog Dose.! Result. Remarks. 

in grams. 

32 0. 000, 010 — Beats. 
35 0.000, 011 = Do. 
34 0. 000, 012 _ Do. 
32 0. 000, 013 + Beats on stimulation. 
26 0. 000, 013 + Systole corner base beats. 
31 0. 000, 014 = Nonabsorption. 
25 0. 000, 015 + No beat on stimulation. 
26 0. 000, 016 + Past end. | 

1 Dose represents amount of digitalin per gram A Beles weeiaiit. 

From the above results it was estimated that the least dose neces- 
sary to produce systole in one hour was approximately 0.000,013 gram 
per gram body weight. 
Famulener and Lyons’s assay of a French digitalin, made eight 

years earlier, gave a value of 0.000,015 gram per gram of body weight. 
An unknown solution made up from the above stock solution was 

assayed. The results were as follows: 

Weight ASO ie 
of Nos D anit Result. Remarks. 

in grams. Sarin eke 

23 0. 000, 013 Heart beats. 
26 0. 000, 015 = Do. 
31 0. 000, 016 - Do. 
41 0. 000, 016 = Stopped; diastole. 
38 0. 000, 017 + Corner base beats. 
31 0. 000, 017 + Beats on stimulation. 
20 0. 000, 018 + | No beat on stimulation. 

0. 000, 020 + Do. & 

From the above results, the amount per gram of body weight 
required to produce systolic stoppage of the heart was estimated, in 
terms of the stock solution, at 0.000,017 in-inverse ratio. The per- 
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centage of the unknown of the stock solution according to the invers 
proportion 13:17:: x :100, was 76.4. The unknown was 75 per cent 
hence an error of 1.6 per cent. | 

Another unknown solution was made up, using a weighed amoun 
of digitalin (French) dissolved in 25 per cent alcohol. The dosag: 
was figured on the basis that 1c.c. equaled 1 milligram. The restill | 
were as follows: 

Weight ore e 
_ of frog D ga Result. Remarks. 
in grams. | : 

22 0. 000, 0025 _ Heart beats. 
23 0. 000, 0030 _ Do. 
23 0. 000, 0035 + Auricle beats; faint wave in ventricle. 
24 0. 000, 0040 + Beats on stimulation. 
21 0. 000, 0050 oo Wave on stimulation. 
20 0. 000, 0060 + No beat on stimulation. 

It was concluded from these results that the end reaction was pro- 
duced by 0.000,0035 gram per gram weight. This was 3.71 times 1 | 
stronger, bea than the original stock solution (0.000,013 gram), — 
figured on the bas that 1 c. c. equaled 1 milligram. ‘Honea the 
unknown was estimated to contain 3.71 milligrams per c. c. The 
actual amount by weight was 3.86 milligrams, hence an error of 3. 8 
per cent. 

A third unknown, made up as the above from a weighed amount of 
the digitalin, gave a value of 0.000,0065 gram per gram weight, or twice 
as strong as the original stock ae assay. On the basis that 1 ¢. ¢. 
equaled 1 milligram, the unknown was therefore estimated to contain 
2 milligrams perc. c. The amount by weight was 1.93 milligrams, or 
an error of 3.6 per cent. 

German digitalin, a mixture of glucosides consisting largely of 
digitonin but also of some digitalin verum, was assayed to determine 
its activity on the frog’s heart. The Naty ait was 25 per cent alcohol, 
thus making comparisons with the assay values of the insoluble (ir 

water) digitoxin and French digitalin possible. The results of this 
assay were as follows: 

Weight 
of frog Dose. Result. Remarks. 

in grams. | 

?4f 0. 000, 02 — Beats. 
38 0. 000, 04 - Do. 
20 0. 000, 06 _ Do. 
47 0. 000, 06 —- Do. 
43 0. 000, 07 + Beats on stimulation. 
bz 0. 000, 08 + No beat on stimulation. 
41 0. 000, 09 + Do. 

From the results as recorded above, the amount of German digital n 
necessary to produce permanent systole was estimated at 0.000,07 
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gram per gram of frog weight. Famulener and Lyons,' using a Ger- 
os digitalin of a different manufacturer, reported a considerably 
smaller dose (0.000,0225 gram per gram weight) as sufficient to bring 
‘on the end reaction. On account of the wide variations from their 
esults, a second assay was made to eliminate any possible error. In 
this case the activity was found to be the same as in the previous 
assay. The results were as follows: 

| 

Frog | | 
weight Dose. Result. Remarks. 

in grams. | | 

29 0. 000, 04 — Beats. | 
20 0. 000, 05 - Do. | 
32 0. 000, 06 -- Do. 

. 26 0. 000, 07 + Beats on stimulation. 
16 0. 000, 07 + Do 
30 0. 000, 08 + No beat on stimulation. | 

Having thus established the amount of German digitalin necessary 
to produce the end reaction unknown solutions were assayed. Solu- 
tion No. 1 assayed as follows: 

Frog 
_ Weight Dose. Result. Remarks. 
in grams. 

35 0. 000, 07 = Beats. 
25 0. 000, 07 _ Do. 
48 0. 000, 08 ok Beats on stimulation. 
21 0. 000, 08 a Do. 
43 0. 000, 09 Nonabsorption. 
21 0. 000, 09 ++ No beat on stimulation. 

From these results the amount of the unknown necessary to pro- 
duce systolic stoppage of the frog’s heart was estimated at 0.000,08 
or in terms of the stock solution an inverse ratio of 8 to 7. The per- 
centage of the unknown in terms of the known solution therefore 
equaled (8:7::100:x) 87.5. The unknown was 90 per cent of the 

stock solution or an error of 2.5 per cent. 
A second unknown made up by dissolving a weighed amount of 

digitalin (German) in 25 per cent alcohol assayed as follows: 

Weight 
of frog D eae Result. Remarks. 

in grams. x 

19 0. 000, 030 = Heart beats. 
22 0. 000, 040 _ Nonabsorption. 
20 0. 000, 045 _ Heart beats. | 
19 0. 000, 045 + Wave in ventricle; auricle beats. 
19 0. 000, 050 - Heart beats; near end. 
20 0. 000, 0525 - Do. 
20 0. 000, 055 + Wave in ventricle on stimulation. 
22 0. 000, 060 ok Beats on stimulation. 
21 0. 000, 065 +- Do. 

1 Famulener and Lyons: Proc. Am. Pharm. Ass., 1902, 50, 415. 
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As will be noted certain irregularities occur in this table, so that 
little care was necessary in deciding upon that amount required t 
produce the typical end reaction. 0.000,055 gram was decided upor 
as the amount when figured on the basis that 1 c. c.=4 milligrams 

The original assay value of the stock solution had shown 0.000,07 
gram per gram of body weight to be the amount required. Hence 
0.000,07 + 0.000,055 x 4 gave 5.08 milligrams per c. c. of the unknown 

The cone contained 5.23 milligrams per c. c. or an error therefore 
of 2.8 per cent. q 

A third unknown containing 5.86 milligrams German digitalin pet 
c. c. assayed 6.2 milligrams, an error of 5.9 per cent. 
A fourth unknown containing 2 milligrams German digitalin per 

c. c. assayed 2 milligrams, an error represented by 0 per cent. | 
Digitaleon.—Digitalein is generally regarded as a definite compound 

which occurs along with digitoxin and digitalin in digitalis leaves. 
It is easily soluble in water, but to make comparisons possible it was 
also dissolved in 25 per cent alcohol preliminary to its assay. The 
results were as follows: 

Weight 
of frog Dose. Result. Remarks. 

in grams. 

Beats. 
Do. it 

Half ventricle beats. 
Beats on stimulation. i 

Do. 
Nonabsorption. 
Beats on stimulation. 
Nonabsorption. 

022 
023 
024 

8 

esssssso SSS55555 

& 

tee letestea alec! 

From these results the amount necessary to cause systolic stoppage 

of the heart was estimated at 0.000,024 gram per gram of body weight! © 
Unknown solutions of divivaleum were then made up, Solutio: nf 

No. 1 assayed as follows: 

Weight 
of frog Dose. Result. Remarks. 

in grams. 

| | 

16 0. 000, 024 _ Near end. 
16 0. 000, 025 - Diastole; beat on stimulation. 
15 0. 000, 026 + Beat on stimulation. 
14 0. 000, 027 — Nonabsorption. 
17 0. 000, 028 + No beat on stimulation. 
19 0. 000, 032 a Do. 

From these results the amount necessary to bring on the en¢ 
reaction was estimated at 0.000,026 gram per gram weight on thé 

assumption that each c. c. of the unknown represented 3 milligrams 
of drug. Hence 0.000,024 +0.000,026 x3 gave 2.769 milligrams pé 
c. c. or an error of 4.5 per cent. 

1Famulener and Lyons (loc. cit.) gave an assay value of 0.000,0325 for digitalein, 
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a In a second unknown in which the frogs reacted very irregularly 
it was finally decided, after using 15 frogs, that 0.000,024 gram per 
= weight was the amount required to produce the end reaction. 
In estimating dosage each c. c. of the solution was estimated to con- 
tain 3 milligrams of the drug, hence 0.000,024 +0.000,024 x3 gave 
8 milligrams per c.c. By weight the amount was 2.89 milligrams, 
hence an error of 3.8 per cent. 

_A third solution made up from a stock solution to 70 per cent 
strength assayed 68.5 per cent. 
A fourth unknown, also 70 per cent of the stock solution, assayed 

64 per cent. 

Digitalein proved to be the most difficult of all the digitalis prin- 
ciples to assay. With this drug considerable variation was noted in 
the absorption, so that the exactly necessary amount was somewhat 
difficult to determine. In this connection it is to be noted also that 
an assay made a year previously gave a value of 0.000,026 to 0.000,028. 
The above unknowns were estimated on the basis of 0.000,028 at 
first, No. 1 showing an error of 11.3+ per cent; No. 2, 21+ per cent; 
No. 3, 10+ per cent, and No. 4, 5.8+ per cent. 
Strophanthin.—The strophanthin used in the assay experiments 

which follow was a Merck product, probably derived from strophan- 
thus Kombe. A solution made up with 25 per cent alcohol, 0.5 milli- 
srams to the c. c., assayed as follows: 

Weight 
of frog in ee Result. Remarks. 
grams. 4 

12 0. 000, 000, 6 Beats. 
12 0. 000, 000, 8 _ Do. 
17 0. 000, C00, 9 _ Do. 
18 0. 000, 001, 0 — Occasional beat. 
19 0. 000, 001, 1 + Beats on stimulation. 
iil 0.000, 001, 1 + Do. 
11 0. C00, 001, 2 ote Do. 
10 0. 000, 001, 3 ae No beat on stimulation. 

From the results recorded in the above table 0.000,001,1 was esti- 
mated to be the assay-value for this strophanthin. This value is 
slightly more than double than that given by Famulener and Lyons,’ 
who found 0.000.000,5 gram per gram of body weight necessary to 
produce the end reaction according to the same method. As it is 
yenerally believed by pharmacologists” that strophanthin Kombe is 
of only about half the activity of stophanthin crystalline (ouabaine) 
the above results suggest at once that Famulener and Lyons prob- 
ably worked with the stronger product. 

It is important to point out here the danger from the clinical use 
of strophanthin as the most serious result could only result if ouabaine 

1 Famulener and Lyons: Proc. Am. Pharm. Ass. 1902, 50, 415. 

2 Hatcher: Jour. Am. Med. Ass. 1910, 54, 1050. 
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were substituted for the amorphous strophanthin Kombe; such dang 
could readily be obviated by the use of physiological tests. | 
Unknown solutions containing strophanthin dissolved in 25 p 

cent alcohol were assayed basing the dose in c. c. upon the arbitrar 
assumption that each c. c. contained 0.04 milligram. Solution No. 1)” 
gave an assay value of 0.000,001,4 gram per gram of body weighi 
As the known assay value for this strophanthin was 0.000,001,1 th 
unknown equaled 11/14 of 0.04 milligram or 0.0314 milligram per c. ¢ 
The amount by weight was 0.032 milligram, hence an error of 1.8 pe 
cent. 

A second easy was assayed giving a value of 0.000,001,7, hence 

was 11/17 of the assumed amount. 11/17 of 0.04 milligram equal 
0.02588 milligram. The amount by weight was 0.02666 milligram, 
per c. c., or an error of 2.9 per cent. 

eh ee —This glucoside is found in convallaria and is recom- }) 
mended in the same general class of diseased conditions as digitalis 
A solution containing a definite amount by weight in 25 per cent alec 
hol assayed as follows: 

Weight : 
of frog in maa ae Result. Remarks. 
grams. ; 0 

26 1 0. 000, 004, 25 — Beats. . 
27 0. 000, 004, 50 — Beats (near end). 
26 0. 000, 004, 50 a Bea = 
25 0. 000, 004, 75 — 
27 0. 000, 004, 75 + No beet on stimulation. 
21 0. 000, 005, 00 =| Do. 
26 0. 000, 005, 25 - Nonabsorption. 
26 0. 000, 005, 50 + No beat on stimulation. 

1 The approximate dose had been figured out in experiments carried on at another time. It would | 
have been necessary to have given doses of greater range if the approximate dose had been undetermined. — | 

From these results the amount of convallamarin necessary to pro: 
duce systole of the frog’s heart was estimated at 0.000,004,75 gram 
per gram weight. 
Unknown solutions of convallamarin in 25 per oath alcohol wer 

made up and assayed. Solution No. 1 gave a value of 0.000,005 
gram per gram of body weight when based on the arbitrary assumf 
tion that 1 c. c.=1.25 milligrams. Hence the value of the know 
€.000,004,75 +0.000,005,5, the value of the unknown, multiplied b 
1.25 represents the amount of drug per c. c. of the unknown, ¢ 
1.078 milligrams. The amount by weight was 1.18, hence an err¢ 
of 8.6 per cent. 
A second unknown assayed 0.000,007,5 on the basis that 1 ¢. ¢. 0 

the solution contained 0.5 milligram of the drug. Hene 
0.000,004,75 +0.000,055 x 0.5 milligram equals 0.3165 milligram ¢ 
convallamarin per c. c. of the unknown. The amount by weigh 
was 0.354 milligram per c. c., hence an error of 10.6 per cent. 
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The results of the above assays are grouped together in the follow- 
ng table not only as a means of comparing the activities of the vari- 
jus so-called pure principles but also to show, in tabular form, the 
legree of error which is to be expected when using a frog-heart 
nethod of assay. 

Unknown solutions; per cent 
| error. 

Drug. 1910. 1902.1 |__ 

No. 1. | No. 2. | No. 3. | No. 4. 

ftrophanthin (Merck)................... 0. 000,001.10 | 0.000, 00, 05 1.8 Va ee Ves > ee 
jonvallamarin (Merck).................. 0. 000,004,75 | 0.000, 004,5 8.6 IG Ol decdevsteecseeee 
MPIPOMIM (NIGTOR ) 55-20 -s-cacccecesces 0. 000, 008,50 | 0.000, 008, 5 (Pe 3.8 Vy @ Bes a 
irench digitalin (Merck)................ 0.000, 013,00 | 0. 000,015 1.6 3.8 > eee 
SE 0. 000, 024,00 | 0.000, 032,5 4.5 3.8 6.0 5 
, ; K | 2(11.3)} (21)} (10)| (5.8) 
rerman digitalin (Griibler)............. 0. 000,070,00 | 0.000, 022,5 2.5 2.8 5.9 

1 Famulener & Lyons. 
2 Error in per cent as first reported. End dose figured as 0.000,028 on an assay which gave a value of 
.000,026 to 0.000,028. Later 0.000,024 was found to be a more nearly correct value. 

From this summary it is apparent that strophanthin is the most 
tive, the German digitalin (Digitalin purum Griibler) is the weakest, 
nd that digitoxin, the most active of the digitalis glucosides, is about 
ight times less active than amorphous strophanthin. It is not 
irged on the basis of these experiments, however, that in the clinical 
ise of these substances doses be given proportionate to these values. 
Sut in so far as secondary factors, such as rate of absorption and 
limination, do not interfere proportionate doses would probably 
ive like therapeutic results. Elemental tissues, such as the heart 
nuscle, no matter from what animal species, react qualitatively the 
ame. As pointed out by Cushny'! the action of the digitalis group 
pon the frog’s heart is strictly analogous to the action on the mam- 
nalian heart, with differences in action which give the three distinct 
tages of action in mammals dependent upon a greater vagus activity 
n the higher animal species. In the therapeutic use of the drug 
mly the first stage, which consists of a minimal activity of the vagi 
nd a definitely increased activity of the muscle substance itself, is 
lesired. The action on the frog is almost purely a muscle action 
nd it is upon such grounds that biological assay methods on the 
ower forms of animal life are believed to give results which are 
apable of direct utilization in therapeutics. 
On theoretical grounds, therefore, there is no reason why assays 

ising frogs will not give results which may be depended on by 
slinician and which may be used as a basis for dosage as safely as if 
uch assays were carried out on guinea pigs, rabbits, cats, or dogs, 
ind so far as the evidences of accuracy and totality of action go, far 
nore safely than if carried out by estimating the single active con- 

1Cushny: Pharmacology and Therapeutics, 1906, p. 466. 
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stituent digitoxin by chemical means. Assays, as is to be noted bi / 
the above summary, may be made using frogs (possibly also other 
animals) which will give an estimate of the amount of glucosides in‘ | 

a solution to within a few (1 to 10) per cent of absolute accuracy 
Therefore if definite amounts by weight of the glucosides of the 
digitalis group may be depended on to produce definite and pro- 
portionate clinical results, the results of the frog heart method of 
assay as outlined above will indicate the amount of an unknow1 
solution of such glucosides which will produce a definite and propor- 
tionate effect in man, and this, too, whether it be a simple alcoholi¢ 
solution of the glucoside or the cruder galenical preparation. 

In all cases the unknown factors of absorption, elimination, and 
individual susceptibility will persist in spite of all attempts at assay-. 
ing the preparations of the digitalis group. But these factors woule 
also exist in like degree as long as several differently active bodies 
and resinous substances are to be reckoned with, even if absolute 
chemical assays of not one but all the active glucosides of the group 
were possible. The frog method of assay gives all any assay method 
can possibly give; that is, a definite index of the amount of active 
substances, and what is especially important an index of the activity 
of all substances in the preparation which act upon the heart. 

Certain factors regarding the reaction of frogs to the digitalis 
group of glucosides, or to other poisons, are of little importance aside 
from increasing to a very slight degree the complexity of the assay 
process. The whole question resolves itself into using a digitalis 
preparation of known activity and keeping quality (and for this 
purpose crystallized digitoxin or ouabajn is suggested) to standardize 
the frogs at the same time that the unknown is assayed. In this 
way accurate results may be obtained without reference to season, | 
age, sex, temperature conditions, or species of frogs used. : 

4 

CRUDE DIGITALIS. 
¥ 

Having thus proven this method of frog assay to be reasonably 
accurate, an investigation was undertaken to determine the factor: 
which affected the potency of crude digitalis. a 

It has been repeatedly stated that only second-year digitali 
leaves should be used, and in recognition of this the pharmacopoeia 
of Belgium, Switzerland, Japan, Austria, France, Germany, Hollan¢ 
etc., all prescribe leaves of the second year’s growth to be gathered 
at the time of flowering. It is difficult to trace the origin of t 
belief in the greater value of digitalis leaves of the second year 
growth, but it is quite old and antidates any attempt to determin 
the activity of this drug on animals. Thus Tordes? in 1867 accounted 

1 Tordes: Gaz. med. de Strasb., 1867, 27, 191. 
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for the greater activity of the digitalis at Strassburg partly on the 
ground that second-year leaves were used. Focke! reported, how- 

ever, when compared with digitalis leaves of the second year’s 
growth gathered at the time of seeding that the first-year leaves 
were about 20 per cent more active, although at the time of flowering 
the order was reversed. This is ascribed to the energy used up in 
the formation of the seeds, but it seems somewhat strange that a 

the digitalis glucosides act as plant food. Hart, in England, reported 
on the assay of one sample of first-year leaves which gave a value 

about 20 per cent higher than second-year leaves gathered at the 

time of flowering. 
. The experiments in this paper relate to three lots of first-year leaves, 
all of which were garden grown. One lot was grown at Madison, 
Wis., in 1908, and two in the Government drug garden at Arlington, 
Va., one lot of the 1907 harvest, the other of the harvest of 1909. 
In the early part of 1910 each lot of leaves was powdered to a number 
60 powder and then made up into tinctures according to the U.S. P. 
VIII. The results of their assays were as follows: 

Arlington, 1907, first-year leaves made up into a 10 per cent tincture according to the 
twS. P. VIE. 

Result. Remarks. 

| 

- Beats. 
=— Do. 
ate Slight wave in ventricle, 
+ Auricle beats; not ventricle. 
+ No beat. 
=F Do. 

Wisconsin, 1908, first-year leaves made up into a 10 per cent tincture according to the 
U.S. P. VIII. 

Weight | 
els Dose | - chs ly in per gram. Result. Remarks. 

ti | 
15 0. 004 _ Beats. 
16 0. 005 _ Do. 
32 0. 005 _ Do. 
34 0. 005 oe No beat on stimulation. 

31 0. 006 + Oo. 
39 0.007 + — | Beats on stimulation. 
26 0. 009 + No beat on stimulation. 

1 Focke: Arch d. Pharm., 1903, 241, 128. 
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Arlington, 1909, first-year leaves made up into a 10 per cent tincture according to ¢ 
UT BE 

Weight D 
of frog,in oe Result. Remarks. grams. per gram. 

Cc. ¢. 
17 0. 003 _ 1 
19 0. 004 — 
16 0.005 - Nonabsorption. 
15 0. 005 + Spontaneous wave in base ventricle. 
18 0. 006 + o beat on stimulation. 
17 0. 009 + Do. 
14 0.012 + Do. 

The dose per gram of body weight to produce the end reaction fe 
Arlington, 1907, was estimated at 0.005 c. c., for Wisconsin, 1908, 
0.0055 c. ¢., fae for Arlington, 1909, at 0. 005 a 

For the purpose of comparison a tincture was made up at the sam 
time from selected English leaves of the second year’s growth. The | 
dose to produce the end reaction was estimated at 0.007 ¢. ¢., pet 
gram of body weight. In terms of per cent the first-year leaves growl 
at the Government drug farm were 40 per cent more active, the first-§ 
year leaves from Wisconsin were 28 per cent more active. As further, 
proof of the high potency of these lots of & ost-year leaves it is also 0 
interest to note that in only one other instance in the assay of com 
mercial preparations has a tincture been found which showed as high 
values as these. 

In connection with these assays a further interesting fact is to be 
noted, namely, that the first-year leaves were all garden grown. ‘The 
often-repeated statement that wild-growing plants furnish leaves of 
higher potency ‘than leaves grown in gardens probably is true i 
many instances, but it seems doubtful if this alone has anything what- | 
soever to do with high activity. Nevertheless, the French Codex and 
the German Pharmacopeia make only wild-growing leaves official, 
and Focke,? among the recent investigators, found cultivated leaves: 

only half as active as those from wild plants. 
In further proof of the high potency of cultivated digitalis leaves 

it is worth while noting that Allen’s English leaves, which give high 
assay values as compared with a number of assays of tinctures made 
from leaves of unknown origin, are garden grown. However, it is 
recognized that the assay of five lots of cultivated leaves is not ¢ 
sufficiently extensive investigation to prove invariably higher potency 
to carefully cultivated leaves. But it is contended from _ these 
assays that the question of cultivation by itself probably is of little 
importance. 

‘Recently garden-grown first-year leaves and wild-growing second-year leaves from Seattle, Wash., — 

were examined. ‘The first-year leaves assayed 0.006; the second-year leaves, 0.0085. 

2 Focke: Arch. d. Pharm., 1903, 241, 128. 
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point upon which practically all observers agree in securing digi- 
s leaves of high value relates to the manner of drying. Hamilton ! 
early as 1807 from clinical observations warned physicians against 
properly dried leaves. This was more accurately established later 
+more exact observations on animals, and Focke * has especially 
estigated this point in this way. According to his observations 

he leaves should be dried within three days of gathering to a moisture 
mtent of 1.5 percent. When thus dried and stored in air-tight con- 
ainers the loss in activity from year to year is practically negligible. 
In the experiments carried out to determine the effect of storing in 
rdinary containers on the activity of digitalis, exact conclusions are 
mpossible owing to the fact that no assays were made of the several 
ots examined at the time of gathering. One lot had been stored in 
| paper bag for eight years, a second lot was stored in a cloth bag for 
, period of three years, a third lot was stored in a paper bag for two 
ears, and a fourth lot in a cloth bag for one year. The moisture con- 
ent was estimated at the time of making the assays. The results of 
hese assays are given in the following table, together with an assay 
f select English leaves which was assayed five months after being 
arvested : 

Amount of 
Moisture | tincture 

Preparation. in, per gram 
per cent. of frog 

weight. 

hs co RS So ae ee 9.1 0. 007, 5 
SS nS hc risa oye ial wa genie Saiedenmnaecccecteceeserne 5.8 0. 005 
eG DONS ce rg nl is 0.005, 5 
eee ee eee ee ee oe 9.4 0. 005 
ag 8 ee oe 7.3 0. 007 

From this table it will be noted that all the different lots of leaves 
iad a high value and three of them a higher value than the control 
reparation examined in less than six months following the harvest. 
is is to be noted, the moisture content in all cases is much in excess of 
he amount advised by Focke. Thus there does not seem to be 
ecessarily any marked deterioration because of an ordinary amount 
f moisture. 
If sufficient moisture be present to cause molding, however, there 

3 a marked deterioration with age. Focke assayed a preparation 
thich gave a value of 4.36, but a year later, having become moldy, 

ave a value of only 1.6. 
Only one sample of moldy leaves was examined. In August, 

909, this assayed, when made into a tincture, 0.007 per gram of frog 
yeight. A second assay, made April, 1910, gave a value of 0.012, or 

1 Hamilton: Observations on Fox Glove, 1807, p. 7. 

2 Focke: Archiv. d. Pharm., 1903, 241, 128. 
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a loss in activity of approximately 90 per cent. In conclusion, there 
fore, it seems probable that careful and prompt drying is essentie 
but shat} is is not necessary to reduce the moisture content to as loy 
as 1.5 per cent. | 

In this connection the use of heat as an aid to the drying process i 
an important consideration. Wolff! recommends vacuum drying;) 
Focke,? drying with the use of heat up to 80°C. Hart,’ on the othe 
hand, found that high temperatures in drying reduced the activa 
of the leaves about 25 per cent. 

To determine what effect heating would have on ordinarily dried | 
digitalis leaves, several small lots from the same stock were submitted 
to temperatures ranging from 80° to 140° C. for two hours. These 
were then made up into tinctures and assayed. The results are given. 
in the following table: 

Temperature. 

Series. | No heat. = 

80° 100° 120° 140° 

I 0. 009 0. 009 0.010 0. 009 0. 014 
II 0. 0075 0. 008 0. 007 0. 008 0.013 
MOTT S gis eh ae ee 0. 009 0; 008")on <2 eee 

Some variability is to be noted in the above table, which is probabl 
due to differences in percolation. This is eonegiatlg apparent in the 
column designated “‘no heat,”’ since both tinctures were made from the 
same lot of leaves to which no heat had been applied. In the other § 
assays the differences might be ascribed to partial deterioration due ¥ 
to the heating, but it seems more likely that it was due to difference 
in preparing the tinctures. 

From this table it is apparent that no special deterioration due to 
heat occurs from the use of temperatures up to 120°, but that at 140° 7 
there is a decided lessening in activity. It seems evident, therefore, § 
that the drying process might be hastened by the use of heat up to | 
100° without danger of destroying any of the active constituents of 
the leaves, but that degrees of heat above 100° should not be used. =| 

Another point to be noted is that the use of heat in the above experi |) 
ments was upon dried leaves, but which contained about 10 per cent | 
of moisture. Whether any deterioration would result from the use of | 
temperatures up to 100° C. in drying the fresh plant is not a possible § 
conclusion on that account, but the probabilities are that the action 
of heat in such cases would not be different. | og 

The use of heat (100°) in drying the fresh plant has a further very 
decided advantage, however, in that deterioration from age would 
probably be materially lessened. Atany rate, the general view is that 

1 Woll: A iydrehts d. Gegenwart, 1902, 43, 423. 

2 Focke: Arch. der Pharm., 1903, 241, 128. 

a Hart: Pharm. Jour. and Tr., 1908, 26, 440. 
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much of the decrease in the activity of digitalis leaves is due to enzyme 
action, and the use of heat at 100° would be sufficient to destroy most, 
if not all, enzymes of vegetable origin.’ 

_ The results of the experimentsusing heat up to 120° without destroy- 
ing the activity of the leaves would indicate that Bokay? had no real 
grounds for the introduction of a preparation of digitalis made by 
macerating the leaves in cold water because of possible deterioration 
due to the use of boiling water, as in the official infusion. They also 
indicate that the use of vacuum drying is an entirely unnecessary pro- 
cedure. 
_ Itis generally believed that the stems are less active than the leaves. 
According to Hart,* however, tinctures prepared out of the whole 
leaves are more active than from leaves without the stalk and midrib. 

Experiments were made to determine this point. The stems were 
sorted from the samples of first-year leaves investigated above and 
also from a sample of second-year leaves. These were ground to a 
No. 60 powder and then made up into 10 per cent tinctures according 
to the general directions of the U.S. P., VIII. The results of their 
assay and of the controls made from the leaf proper were as follows: 

; | Dose of | Dose of 
Preparation. stem tinc- | leaf tinc- 

ture.! ture. 

I ec atc eckcce'nsarasausescnacsnadueadueucec 0. 011 0. 0050 
I Ri T Ete ee ear Drs and eee desing «sae bemildaen cucubic 0. 009 0. 0055 
en ee ochbaaccnndeiescccteunscccestecsuwsnlce 0.010 0. 0050 
NEE ee ee Ee STE Uae ef Fi 0. 016 0. 0075 

1 Dose in cc. per gram weight of frog to produce end reaction. 

_ From this table it will be noted that the stems appear to be only 
about 50 per cent as active as the leaves, the result supporting, there- 
fore, the general belief in the lesser activity of the stems. 

PREPARATIONS OF DIGITALIS. 

The variability in crude digitalis necessarily appears in the finished 
product, so that these vary at least as widely as the crude drug in 
activity. The use of an assayed crude drug, however, does not insure 
a finished product of unvarying activity. This is due to a number of 
factors, chief among which are imperfect extraction of the active 
slucosides, which may be due to faulty manipulation or to the charac- 
ter of the solvents used. This point has been made by Vanderkieed 
and Bernegau‘ with reference to a number of official preparations 
made by various pharmacists from reputed assayed crude drugs, the 
variation from standard being as much as 250 per cent. 

1 Simon: Physiological Chemistry, 1901, p. 102. 

2 Bokay: Berl. Tierirzt. Wchnschr., 1907, 19, 382. 

3 Hart: Pharm. Jour. and Tr., 1908, 26, 440. 

4 Vanderkleed and Bernegau: Proc. Am. Pharm. <Ass., 1908, p. 176. 
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This point was also brought out in the course of this investigation 
Three tinctures were prepared from each of two lots of leaves, all the 
steps in their preparation being carried out in as nearly as possible a 
similar manner. They assayed as follows: | 

Dose in ce, 

Series. ne _ 

sae zat 

English leaves I........ REE, SNS 2 he ine mun Sint sare in ict aie er | I 0. 
II 0. 
III 10. 

English leaves Tw. 200. Lo ee dec basi ee Spe eee ee pee Cee ee I 0. 
II 0. 
lll 0. 

‘ No explanation of the wide variation in this result can be offered, but undoubtedly was due to fault 
manipulation at some point in the manufacture of the preparation. 

| 

The same point is again shown by the fact that a fluid extract 
made from the same leaves as in the above table (English I) assayed |) 

0.0024, being only about three times instead of ten times as active as | 
the tincture. This result is quite closely in accord also with the | 
results of assays of commercial fluid extracts which have never § 
assayed relatively as active as the commercial tinctures. On the 
grounds of incomplete extraction of the active principles these facts | 
woul indicate that the official fluid extract is not a desirable digitalis 
preparation. Furthermore, there does not seem to be a very exten- 
sive use of the fluid extract as such, but only as a stock solution, 
from which so-called official tinctures and infusions are made by the 
retail pharmacists according to the directions given by the manu-— 
facturer. Such preparations, however, even by the loosest interpre- 
tation, could not be called official or be said to represent them in © 
activity, and the use of the fluid extract in this way should be dis- | 
couraged. 

Menstrua of different alcoholic strength than that official in the 
U.S. P. VIII are used to a considerable extent, 70 per cent alcohol § 
being proposed in the international convention for the unification ot 
potent remedies for the tincture of digitalis. To test the value of 
these in extracting the active digitalis glucosides, tinctures were pre- 
pared by the use of 35, 50, 70, and 99 per cent alcohol. The method” 
of percolation was made as uniform as possible for the whole series. | 
The finished preparations were then evaporated and the scohol | 
strength in each case made to 25 per cent, so that with corresponding — 
doses the same amount of alcohol would be injected. The results of 
the assay of these preparations were as follows: , 

Alcoholic 
strength. | Dose per gram body weight. Leaves used. 

MUQUBO Voces eee aes wk Secor rs /o0.-\c,26 5) 2% ewes See ee 35 0.0085. 
BORE 2s over ewes teyunl ah sbe keys hte aeny deh « ppialys coed ae 50 0.007; series II, 0.0075. 
DIO. Bee oie Ses Ce otha  Owib hoe cae oe e ee enero ae See eee 70 0.007; series II, 0.0065. 
ito eae ee Ae wig bikibiv o'v Gig ass onie goals oe b tienes Miele SOIC AIRC een 99 0.007. 
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These results are so nearly similar for all strengths of alcohol that 
) apparent advantage is to be seen in the use of the stronger alcohol 
3amenstruum. ‘Two points of advantage, however, are to be found 
_ the use of the stronger alcohol. The most important of these 

elates to the deterioration of the finished digitalis preparations with 
ge and will be discussed later in the paper. 
The other advantage is the reduction by the use of the stronger 
coholic menstruum of the total solids of the finished preparation 
without loss, or at least material loss, in activity. This is especially 
he case with the fluid extracts which were found to be precipitated 
vy the addition of 99 percent alcohol. Thus 5c. c. of a fluid extract 
vas taken, to which was added 10 ¢. c. of 99 per cent alcohol. An 
a gummy precipitate resulted, which was separated out by 
ecanting the alcohol. It was then dried at 140° for three hours and 
veighed. Three fluid extracts were treated in this way with the fol- 
owing results: 

Total pre- 
Total Average 
eer tat 

Prepara- Sories: solids in fal cas per cent 
tion. BICC. , er cent precipi- 

average. a icohal tate. 

A { fe \ 1.3651 F tees \ 36.8 
A 0.510 ae B { ‘ \ 1.4018 { 0: 3052 \ 37.4 
I ? 0. 4097 rig eat Cc { ad I 1. 2322 {9 pee \ 33.7 

The activity of the precipitate was tested to determine to what 
xtent the active principles were carried down mechanically. The 
ollowing protocol illustrates this point: 
Frog weight, 22 grams. Pithed, heart exposed; precipitate dis- 

olved in water. 
230. Heart rate 58. 
231. Injected 0.5 c. c.=0.25 c. c. fluid extract. 
240. Heart rate 60. 
245. Injected 0.5 c. c.=0.25 c. c. fluid extract. 
250. Heart rate 54. 
300. Heart rate 40. 
330. Heart rate 20, irregular—prolonged diastole. 
Ba5. Injected 1 c. c.=0.5 c. c. fluid extract. 
400. Heart rate 18—systole very complete. 
440. Beating —. 
From this protocol it is seen that the precipitate although having 

ome digitalis action was very weak, an amount representing | c. c. 
wf the fluid extract not producing permanent systole after two hours, 
Wthough the original extract killed in one hour in a dose for the 
ame sized frog of 0.0529 c. c. 

70066°—Bull. 74—11——3 
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The decanted alcohol from the precipitation experiments was also. , 
tested, the alcohol being reduced to 25 per cent to allow of compari § 
sons. The results were as follows: 

os inal Rete 
ex- uid ex- 

a ch tract, dose | tract, dose 
. per gram | per gram 

weight. weight. 

A 0. 0024 0. 0025 
B 0. 0020 0. 0020 

Thus it will be seen that the loss in potency by precipitation of the 
gums is quite negligible. 

The amount of solids in tinctures made by using 50, 70, and 99 per § 
cent alcohol was also determined by evaporating 5 c. c. lots of the 
several tinctures and drying for three hours at 140°. The results 
are given in the following table: | 
—— 

Total solids | Per cent 0 4 
Preparation. in5dc.c. official 

in grams. | tincture. 

SO:per cent aleohols. 2.25 526 be 2020522 a ee PO « cai a ao Be ee 0. 158 
70 per cent alcohol.2 2.0... 5 22. 20U92.....5).etceceatre sitter este asec e hs cee 0.121 
99 per cent alcohol; 2). . ni.) es.sh 2 h- 22s cin ee oid be Snead ac dane ee tk oe ee 0.115 

Thus by the use of the alcohol of the international convention 
approximately 23 per cent of total solids were gotten rid of and by 
the use of 99 per cent alcohol 27 per cent, with no loss of activity in 
the resulting tinctures. The advantage in using a higher alcoholie 
menstruum, however, appears more especially related to the keeping | 
qualities of the resulting preparations. | 

Deterioration.—Although differences in manipulation may cause 
variation in the finished product, the factor of subsequent deterio- ; 
ration is also to be considered. This has been especially noted in the 
case of the infusion of digitalis, but seems to be true for the alcoholi¢ | 
preparations as well. Houghton and Hamilton! have made ¢ 
series of assays of digitalis preparations covering a period of 6 years. 
The extract of digitalis (11 samples) lost, during 5 years, 40 per cent 
of the original activity, or 8 per cent a year. The fluid extract of 
the U.S. P. VII (8 samples) during a period of 6 years lost 24 per cent, _ 
or 4 per cent a year. The fluid extract of the U.S. P. VIII (11 sane | 
ples) lost, during 34 years, a total of 35 per cent of the origina 
activity, or 10 per cent a year. The tincture of digitalis (8 samplell s) 
during a period of 3 years lost 27 per cent of the original potency 
a yearly loss of 9 per cent. Two very important facts are pointed 
out as a result of these experiments, namely, that the U.S. P. VI 

1 Houghton and Hamilton: Am. Jour. of  Pharm., , 1909, 81, 461. 
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ples of the fluid extract were 1.3 times more potent than those 
the U.S. P. VIII, and, furthermore, the potency loss was much less 
the former, being only 4 per cent as compared with 10 per cent for 
e U.S. P. VIII preparations. From this fact the conclusion is 
awn that the greater percentage of alcohol lessened the deteriora- 
on as a result of age. 
_ As has aready been pointed out in this paper, there seems to be 
10 very marked difference, at least in original potency so far as the 

ctures are concerned, dependent on the use of alcohol even down 
© 35 per cent @rength. The time these preparations have been 
nade, however, has not been sufficiently long to draw any definite 
onclusions regarding the rdle the percentage of alcohol plays in 
reventing subsequent deterioration. 
Certain evidence has been established as the result of assaying old 
reparations of the tincture and fluid extracts of digitalis, which 
ndicate that a high degree of potency may in certain instances be 
naintained for at least 8 years. 
Two tinctures of digitalis made in 1902 with the 70 per cent alcohol 

f the international convention for the unification of potent remedies 
vere assayed in 1910. One of these made from English leaves 
equired 0.007 c. c., the other made from German leaves 0.0085 c. ce. 
yer gram of frog weight to produce an end reaction. These were 
ompared with two tinctures made from English leaves, one made 
n 1908 and examined in 1910, and a second made in 1909, at which 

ime it was assayed, both of which required 0.007 c. c. per gram of 
tog weight. These results are given in the following table for con- 
fenience in making comparisons: 

: Preparation. Age. oo 

Pa era e eet ee LE Fe Ne Pied ok sled dacien steve cata ccees eters 8 years.... 0. 007 
OEE SET Se oot aioe a cli ciaa, ome d dare wink scl cigetaMin lo <a diem Sing aee Sa ee ae 3 0. 0085 

’ English (oo eae td gecl 5 B40 ES OS RS tee Lees eee Pye er eee See eo 3 years... 0. 007 
i ee eee ree, ore 2 weeks. . 0. 007 

Whether these results, showing nearly similar potency, indicate an 
traordinarily high original potency for the preparations made with 

0 per cent alcohol or whether there was very little deterioration 
ith age can not be decided, since no assays were made at the time 
f manufacture. The results, however, are suggestive and in that 

egree confirm the statement of Houghton and Hamilton that 

igher percentages lessen the rate of deterioration. 

Further evidence regarding loss of potency with age is furnished 

a number of assays of fluid extracts, tinctures, and other prepara- 

ons of digitalis a year to a year and a half following the orginal 

ssays. It is recognized that the time was too short to draw very 
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definite conclusions, yet a number of facts developed which are of 

interest. a 
In 1908 a number of assays were made‘ of digitalis preparations 

obtained on the open market. Part of these same samples were 
reassayed in 1909, approximately a year later, and all were assayed 
again in May, 1910, 22 months after the original assay. The results, 
as in Bulletin 48, are based on the dose, when diluted to tincture 
strength, sufficient to produce the end reaction. The results were ¢ 
follows: 

Time of assay. 

Preparation. a 

1908. 1909. 1910. 

Moora). #22 428e 222 SRA SS Pee eee eae 2 0. 016 0. 020 0. 024 
Be Were Cor hs eee ee se Te ee ee ees 0.020) |. Ae 0. 024 
PS Dives Co. sere se ae ee Eek fo RAE AP ae 0. 021 0. 020 0. 023 
NG PB POGOe re as Roan Goethe ange ok Seeeer Wa hs 2 A en See 0. 022 0. 022 0. 023 
Merrelice See the: TERS RD eee Ee AR 2 OPE ens ee eee 0:'024)| 22 eee 0. 02: 

Bee WV as ek Fe Sen Be a ee 0: 025, 2, 32 See 0. 030 
1S Pak 0] D Tuk Replat elie oe 8 RSE ae a ae es Saye SV aah epee IL, O:027 2 2 eee 0. 0: 
WOW dose Bese ee See ee ke come pe, Me ie ee ee 0; (030) | 5... See aeee 0. 036 

2 Burroughs, Wellcome & Co.=B.,W.& Co.; Parke, Davis & Co.=P., D. & Co.; Netson, Baker & Co.= 
N., B. & Co.; Hance Bro. & White=H. B. & W.; Sharp & Dohme=S. & D. ; 

Part of these figures agree very closely with those in Houghton and | 
Hamilton’s investigation. However, a comparison of the column 
of per cent deterioration at once reveals that the various drugs fall _ 
into two general classes. The official fluid extracts of P., D. & Co. 
N., B. & Co., and 8. & D. belong together, showing very little deterio- 
ration. The others which, with the exception of H. B. & W. are } 
nonofficial, show a very much more rapid loss of potency, and thi 
is especially to be noted in the case of digitol. This contains, according | 
to the label, only 30 per cent alcohol, and although originally the 
most active of the nine preparations examined (Bull. 48) it shows 
the greatest deterioration. The physical appearance also indicatec 
change, there being a fine flocculent precipitate formed during the twe 
years the sample had been stored. 

From these results of assays of preparations kept under simila: 
conditions of light, temperature, etc., it would seem clear that manu: 
facturers of special digitalis preparations should submit them to th 
most rigorous tests before placing them on the market, otherwise th 
physician would do well to use such preparations as seldom as poss 
ble, unless assured of their very recent manufacture. This woul 
necessitate the dating of all such preparations at the time of man 
facture and some method of calling such preparations from the marke 
after a certain time. | 

The importance of this, so far as the patient is concerned, is espé 
cially suggested by an assay (previously reported) in which the deter 

1 Edmunds and Hale: Bull. 48, U. S. P. H.and M. H.&. 
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was actually depressant to the circulation. Yet this preparation 

was obtained from a local jobber upon the order for an original bottle 

f this drug without specification as to age, manner of storage, ete. 

Parr II. 

P SPECIAL DIGITALIS PREPARATIONS. 

Tablet triturates—A large number of comparative tests of the 
value of commercial digitalis preparations have been made, byit 
usually these have been upon the official drugs. A widely used class 
oi digitalis preparations are the tablet triturates. These are made 
up to contain a certain amount of the fluid extract or the tincture 
together with some inert substance as excipient. 

To test the potency of these triturates as sold in the open market, 
an order was placed with a local jobber, and nine different lots from 
different manufacturers were obtained. These were then dissolved 
in 25 per cent alcohol as follows: Sixty tablets of 1 minim each were 
first dissolved in 30 c. c. of the solvent. These were vigorously 
shaken several times during 24 hours and then filtered. The residue 
was further washed with 50 per cent alcohol. The second filtrate 
was then evaporated at about 90° C. to a gummy consistency, taken 
up with 25 per cent alcohol sufficient to make the total solution from 
the 60 tablets equal to 36.6 c. c. or a preparation of approximately 
tincture strength. 

Marked differences in the color of the solutions from the different 
lots of tablets suggested that they might vary widely in potency. 
The relation of the color index to activity was not constant, however, 
although as a rule the darker preparations assayed the stronger. 

The solutions thus prepared were assayed by the frog heart method 
and gave the comparative values as recorded in the following table: 

Dose per 
‘ Color 

Preparation. gram frog 

A order.! weight. 

a Sd ocala cee mined ane dace ewe mews cweudascesccsenwecsnasceen- : . Fr 

ee oa a oe wo ec een epee erin ete fed ee tdsewe wa dnnevens 2 : 

pas “ne a ene nace beth se a eR ee ere errr. ree kano - : on 

. an Peete cere es ee A ey oe thee. re So Bet ee ee ‘ 

aT eT ty 8. ela a cicwicie cle winiele acc cece sss sldvemnwe cavers 7 0. 021 

co ee Ea ee ey se, Sener ters oer 9 0. 026 

ne ee ee nr ee een cee n ne ane mec eees 4 ‘ po 
fei. 2S. Oe, eee ee rsa eer ree 5 . 035 

Parrett PO Oe odac cde etc apt bl bile Sess eeee cen gbes 6 0. 040 

1 Number | the darkest; number 9 the lightest color. : 

2§. and D.=Sharpe and Dohme; H. B. and W.=Hance Bro. and White. 

A wide variation in the potency of the different preparations is to 

be noted in the above results, the strongest preparation beiig about 

360 per cent stronger than the weakest preparation. This corre- 
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sponds to the variation discovered by Edmunds‘in an examination 9) 

of seventeen official tinctures of digitalis and to the variations foun 
by Edmunds and Hale? in an examination of official fluid extract 
and preparations made up according to special formula. It indicate 
that the tablet triturates, although varying in activity so widely tha 
serious harm could Baeily result from such variation, are no wors 
than the official or special preparations in this eek 

Hypodermic tablets —A further study was made of the hypodermi 
tablets on the market sold under the name of the loosely used term 
digitalin. As this might mean either the true digitalin of Kiliani 
or the comparatively inactive German digitalin, although mor 
probably the latter on account of its easy solubility in water, it wa 
thought that wide differences in potency might be found. | 

The hypodermic tablets were purchased as were the tablet triturates 
through a local pharmacist. To prepare them for injection they 
were dissolved as follows: Fifty tablets of ,45 grain each, placed in 
stoppered cylinders, were shaken up with 10 c. c. of 25 per cent 
alcohol. After sedimentation the clear portion was passed through 
a small filter, the residue being further washed with 5 c. c. and, after 
decanting aN clear portion, with asecond 5 c. c. of 25 per cent alcona F 
The residue was then shaken up with a small portion of 50 per cent 
alcohol, filtered and the filtrate evaporated nearly to dryness after 
which it was added together with sufficient alcohol to make 20 ec. ¢., 
the solution corresponding therefore to approximately 2.5 mg. per }, 
c. c. Differences in the physical appearance of the solutions were 
noted, being as a rule slightly opalescent, but one was absolutely 
and another comparatively clear. a | 

These solutions were then assayed on frogs and gave results as 
follows: 

Character of — 
Preparation. frogs gram rog solution 

Gram. 
7 a BEESON S PUES COIS ESa SCE Dora S Hoge MNES Ce OSr Aaa sade 13 | 0.000,020 | Clear. 
BOA  vo tees ache te cites cece chaser ae eee et EE ee eee 17 | 0.000,025 | Cloudy. 
Be War Ce ope tts een catrea ce aes ceie + MeaRE et ene sot Cae ee 12} 0: 000, 025 Do. 
OTL RRS a pt OE NOR SINE SRT A AY Sp ne 13 | 0.000, 032 Do. 
CPPS 1 eee PR eS RE a GE See eS 13 | 0.000, 045 Do. .- 
(1 Neel a. AR RC eM ERE ERAN Ce Aa. pM Lace 10 | 0.000,046 | Almost clear. 

SS 

These results indicate that there is considerable variation in the 
activity of preparations of digitalin as sold for hypodermic use. . 

The experiments were in some measure unsatisfactory, however, 
as in many instances the absorption was incomplete, thus causing 
some difficulty in arriving at a definite end reaction. ‘This is illus - 
trated by the unusually large number of frogs necessary in ma ing 

1 Edmunds: Jour. Am. Med. Ass., 1907, 48, 1744. 

2 Edmunds and Hale: Bulletin 48, U. S. P. H. and M. H. S., p. 44. 
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these determinations. The same difficulty was also found in working 
with German digitalin in the experiments with the so-called pure 
principles and makes the frog method somewhat unsatisfactory for 
this substance. In contrast digitoxin (as are the other related 
glucosides), though adjudged as the least soluble of the pure princi- 
ples, seems to be readily absorbed, and the same is true also of the 
erude preparations with the exception of the infusion. 
_ Fluid glycerate of digitalis—Although this extract of digitalis is 
distinctive from the official fluid extract only in the menstruum 
employed, it was thought best not to take it up in connection with 
the discussion of menstrua, page 32, as it so clearly is a wide departure 
from the usual digitalis Giaperations, 

Beringer,’ in view of the solvent properties of glycerin for alkaloids 
and glucosides and the lack of solubility of resins, fats, and fixed oils, 
proposed this substance as a solvent in preparing fluid glycerates of 
various drugs. These preparations are made up so that 1 c.c. of the 
finished product was obtained from 1 gram of crude drug. Various 
percentages of glycerin were used but finally 50 per cent strength in 
water was adopted as being most conducive to good keeping qualities. 
Among the preparations suggested to be made up with 50 per cent 

glycerin as menstruum is digitalis. Rippetoe,? following the sug- 
gestion of Beringer, made up a 10 per cent preparation with 50 per 
cent alcohol, thus corresponding to the U. S. P. tincture, and a 10 
per cent preparation using crude drug from the same lot but perco- 
lated with 50 per cent glycerin. These were both tested on frogs, 
method not given, determining the minimum lethal dose. The former 
produced death in a dose of 0.005 c. c. per gram, the latter in a dose 
of 0.025 c. c. In relative terms he found the alcoholic preparation 
five times as active as that made with glycerin. 
A sample of the fluid glycerate and the official fluid extract * were 

examined, using frogs and mice as experimental animals. To make 
the conditions as nearly alike as possible a sufficient amount of glyc- 
erin was added to the fluid extract, when diluting it to make it suit- 
able for injection, to correspond to the amount in the fluid glycerate 
when thus similarly diluted. 

The fluid extract diluted with glycerin and water required 0.0022 
ce. c., calculated as fluid extract, per gram of frog weight; the fluid 
elycerate 0.005. Thus the fluid glycerate appeared to be approxi- 
mately 2.25 times weaker than the alcoholic solution. 

The experiments on mice were made by injecting the fluid glycerate 

and the official fluid extract diluted with glycerin under the loose skin 

of the back and noting the amount just necessary to produce death. 

1 Beringer: Amer. Jour. Pharm., 1907, 79, 410; Ibid., 1908, 80, 525 

2 Rippetoe: Am. Jour. Pharm., 1909, 81, 84. 

3 I am indebted to Mr. Beringer for these preparations which were made up from the same lot of leaves 

_in order to make comparisons possible. 

: 
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As the duration of time the animals lived is of some value in makin 
these comparisons a full protocol of these experiments is given in th | 
following table: 

FLUID EXTRACT DIGITALIS. 

es Fluid ex- 
ouse tract, dose Time till 

weight. | inc. c. per Result. death. 
gram. 

Grams. 
13. 52 0. 003, 0 a _ 
15.91 0.003, 5 _ _ 
14. 16 0.004, 0 fe 5 hours. 
14.78 0. 006;0 bh 3 hours. 
13. 50 0. 008, 0 + 2 hours. 

FLUID GLYCERATE DIGITALIS. 

Fluid glyec- 
Mouse erate, dose Becutt Time till 
weight. | inc. c. per aoa death. 

gram. 

Grams 
tifeae 0.009 — 
18. 19 0.010 + (?) 
15. 38 0.012 + 4 hours. 
14. 44 0. 016 4- 2 hours. 
14. 39 0. 020 4: 1 hour. 

From these tables the least fatal dose of the fluid extract is seen te 
be 0.004 c. ec. per gram mouse weight, that of the fluid glycerate 0.010 
c. c. Thus the fluid extract assayed on mice approximately 2. 
times as strong as the fluid glycerate. Judging by the ratios ir 
potency of the fluid extract and the fluid glycerate on the two species | 
of animals it seems reasonable to say that the glycerin-water men- 
struum extracts only about 40 per cent of the active principles in” 
crude digitalis leaves and is therefore not suited for making commer- | 
cial preparations of this drug. | 

Digalen.—It has long been clearly recognized that digitalis medi 
cation is complicated by a number of undesirable secondary effects 
Briefly, these are its accumulative action, its tendency to produce 
disorders of appetite and digestion, and, finally, its irritant action 
which interferes with its use by the hypodermic method. Thes 
untoward effects are so marked at times as to prevent the use of tk 
drug ; they always make great caution necessary in the administré 
tion in order that dangerous toxic effects may not follow. 

The use of digitalis is further complicated by the fact that ’ 
therapeutic effect often do not appear until about the second da. 
after medication is started, a drawback which makes it practicall 
no value in cases of acute heart failure. In certain cases the effec 
fails to appear even after several days, while in others the first ind 
cation that the drug has been absorbed is the appearance of symp 
toms of poisoning. These latter disagreeable features of the drug 
action are usually ascribed to differences in the reaction of the patient 
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ut it seems equally or even more probable that they are often due 
© variations in the potency of the drug used, the preparation being 

one case much weaker, in another much more active than the 
normal. 
: Many attempts have been made from time to time to secure a digi- 
talis preparation without these various undesirable qualities. Unfor- 
tunately, however, these efforts have not resulted in much success, 
although a large number of special formulas, part of which have 
already been considered under the questions of variability and dete- 
rioration with age, have been used in preparing the crude drug for 
therapeutic use. In this connection, the so-called pure principles of 
digitalis have been suggested as offering a solution of the problem. 
These, however, although possessing the desirable effects of the crude 
drug are by no means free from undesirable secondary effects. Of 
these digitoxin, the glucoside which occurs in the greatest amount in 
digitalis leaves,is by far the most potent. The use of digitoxin in ther- 
apeutics. is made practically impossible, however, by its excessively 
irritant action, its tendency to produce disorders of digestion, its 
marked accumulative action, and, less important, its insolubility 
in water. In 1904, however, Cloetta! announced that as a result of 
several years labor he had been able to isolate a digitoxin from digi- 
talis leaves which was almost entirely devoid of these drawbacks. 
This new digitoxin (for sale under the trade name digalen) from a 
physical standpoint, differed from the crystalline product of Schmiede- 
berg and Kiliani in being amorphous and in being much more soluble 
in water. From the therapeutic standpoint, according to Cloetta, it 
differed even more widely, being easily absorbed, the digitalis effect 
appearing within twenty-four hours, being without accumulative or 
toxic action, and being so free from irritant qualities as to make it 
suitable for subcutaneous, intramuscular, or intravenous injection. 
Moreover, being a definite chemical substance, it afforded a prepa- 
ration entirely devoid of the variability so often present, as has 
been pointed out, in the crude drug. 

Aside from Cloetta’s own investigation, the only work done regard- 
ing the identity of digalen with crystalline digitoxin was carried 
out by Kiliani,? who has done far more work on the chemistry of 
digitalis than any other investigator. He was unable to accept 
Cloetta’s view, but rather pointed out that the formula given by 
Cloetta? for digalen does not correspond to that for the crystalline 
substance, the former having a formula of C,,H,,0; with a molecular 
weight of 287, the latter of C,,H;,0,,,a molecular weight of 638. Kailiani 

concludes that digalen is only a high percentage of digitalein. 

1 Cloetta: Miinchen med. Wehnschr., 1904, 51, 1466-1468. 

2 Kiliani: Miinchen med. Wchnschr., 1907, 54, 886, 1112; Ber. d. deutsch. chem. Gesellsch., 1907, 40, 

2996. ; 

8 For Cloetta’s reply to this criticism see Miinchen med. Wehnschr., 1907, 54, 987. 
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Certain clinical results would seem to indicate that Cloetta and 
large number of the clinicians who reported invariably good effee 
from digalen were partly in error (or based their conclusions on ¢ 
inadequate number of cases) regarding the superiority of amorphous 
digitoxin over the older preparations of digitalis. A.review of th 
literature (Reitter,! Vlach,? Frankel,* Mueller*) shows that digalen 

not always devoid of cumulative action; that it possesses marke 
irritating properties, so irritant as to make subcutaneous injection 

practically impossible, causing edema and pain, lasting 1 in some cases 
for two and three days and often causing great pain when given intré 
muscularly, or if given intravenously, causing in some cases edema and 
thrombosis (Kottmann,® Hochheim,® Liverato,’ Veiel,*’ Teichmann®);)), 
that it causes disturbances of digestion apparently as often as the), 
older galenicals, with loss of appetite, nausea, and vomiting (Eich 
horst,!° Veiel,!! Teichmann,!? Mueller’*), and that its effects do not 

appear more rapidly than from corresponding doses (based on the 
manufacturer’s claim that 0.3 mg. amorphous digitoxin (Cloetta) =| 
0.150 gm. folia digitalis) of the older preparations. Mueller,’ in a); 
series of 18 cases, observed effects from doses of 6 c. c. of digalen), 
on the second day, namely, increased amounts of urine or a decrease fh, 

in heart rate. From doses of 5 ¢. c. the effect appeared first on the! 
second and third day, doses of from 3 to 4 c. c. on the third to fifth 
day, and from doses of 2.25 c. c. the action appeared on the fourth to} 
the fifth day. From doses of 400 mg. folia digitalis (nm terms of) 
digalen 2.66 c. c.) the effect appeared on the second day; 300 of the}, 
leaves (equal to 2 c. c. digalen) produced effects on the third day, } 
and Mueller remarks that these effects were not only more constant 
but were also more powerful than from digalen. ‘To facilitate com | 
parison, these results are summarized in the following table: | 

TABLE 1.—Time of onset of the therapeutic effects of digalen and folia digitalis 
corresponding doses (doses of folia digitalis based on the manufacturer's claim 
1c. c. digalen=150 mg. of the leaves). 

DpeeaRtiie ve: periday.t) ty. cost tesco Oe eee 6 5 4 3 | 2.66 | 2.25 
Day effects from rede ie nig i sin eRe sew ted kote are se 2 2.3. |, 6-6. \)) emilee 4-5 |. 
Day effects from folia digitalis appeared... . 02.5... 255-5).|22.06]205.-/Jes2. See 2. heehee 

1 Reitter: Wien. med. Wehnschr., 1905, 55, 2245. 

2Vlach: Prag. med. Wehnschr., 1906, 81, 43. 

8 Frankel: Arch. f. exper. Path. u. Pharmakol., 1907, 57, 123. 

4 Mueller: Miinchen. med. Wehnschr., 1909, 56, 904. 

6 Kottmann: Ztschr. f. klin. med., 1905, 56, 128. 

6 Hochheim: Zentralbl. f. inn. med., 1905, 20, 545. 

7 Liverato: Cron. d. clin. med. di Genova, 1905, 11, 276. 

8 Veiel: Miinchen. med. Wehnschr., 1906, 58, 2140. 

9 Teichmann: Therap. d. Gegenw., 1907, 48, 199. 

10 Eichhorst: Deutsch. med. Wehnschr., 1905, 31, 49. 

11 Veiel: Miinchen. med. Wehnschr., 1906, 58, 2140. 

12 Teichmann: Therap. d. Gegenw., 1907, 48, 199. 

18 Mueller: Miinchen. med. Wehnschr., 1909, 56, 904. 
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Walti! and Teichmann? also were unable to observe effects in 
he cases reported by them until the second or third day, and Frankel," 
rom observations of the pulse and amplitude, reports that a digitalis 
ction is manifest after 0.3 gm. doses ‘ of digitalis leaves as follows: 

| 

; Patient. | Effects. || Patient. | Effects. | 

Hours. Hours | 
1 22 5 5 | 
2 20 6 23 
3 17 7 23 
4 24 S 24 

Regarding the claim that digalen is an efficient remedy in acute 
heart failure, Von Ketly * reported that the effects did not appear 
more quickly when given subcutaneously than by the mouth. Kott- 
mann * reported, however, that if digalen were given intravenously in 

doses of 1-5 c. c. (amounts which are necessary to produce a distinct 
digitalis action), the action appeared in from two to five minutes, 
and that 5 c. c. was an absolutely maximum dose. The danger of 
this method of exhibition makes such a use very questionable, how- 
ever, as Teichmann’ observed edema and thrombosis and, in one 
ease after a dose of 4 c. c., general tonic-clonic convulsions. 

It seems rather strange that digalen has been accorded so much 
attention at the hands of the clinician in view of the contradictory 
reports concerning its chemical identity and its action and that so 
few experiments have been carried out on animals. A few investi- 
vations have been carried out, however, and these have tended to 
show that digalen had a true digitalis action—a result entirely in 
accord with Kiliani’s report, however, that digalen was an impure 
digitalein—the latter glucoside also having the same effect as digi- 
toxin on the heart, excepting that it is manifested to a lesser degree. 
It seems doubly strange on account of Kiliani’s denial of the chemical 
identity of this new digitoxin with the older crystalline substance 
that comparative studies were not made along the lines used in the 
biologic standardization of the digitalis series. Neave,* apparently 
the only investigator to make such a study, reported from his experi- 
ments on frogs and rabbits that, although digalen has the charac- 
teristic action, it is very much less active than a like amount of 
erystallized digitoxin, 1.2 mg. amorphous digitoxin (Cloetta) causing 
a rise in blood pressure of only 14 per cent—a slowing in rate of 2 

1 Walti: Deutsch. Aerzte Ztg., 1904, p. 461. 

2Teichmann: Therap. d. Gegenw., 1907, 48, 199. 

8 Frankel, A.: Arch. f. exper. Path. u. Pharm., 1907, 57, 131. 

_ 4It is to be noted that this amount corresponds to 2 c. c. digalen, which produces its first effect about 

the fourth to fifth day, according to Mueller. 

6 Von Ketly: Therap. Monatsh., 1906, ,20, 272. 

_ 6 Kottmann: Corr.-blat. f. Schweiz.-Aerzte., 1907, 38, 306. 

1? Teichmann; Therap. d. Gegenw., 1907, 48, 199. 

_ 8 Neave: Scot. Med. and Surg. Jour., 1907, 20, 390. 
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per cent as compared with a rise in pressure of 21.9 per cent, a slo 
ing in rate of 14.7 per cent from 0.5 mg. crystalline digitoxin. 

Owing to the claims of the advertising literature which ignore 
these various reports, and in view of the statement of Kottmann ar 
others that digalen equaled crystalline digitoxin in activity, as ii 
should if chemically identical with it, a series of experiments wen 
undertaken to determine biologically the relation of its activity | 
that of digitalein and crystalline digitoxin. Three methods were us 
in determining the relative potency of these substances. The firsi 
method to be employed was the one hour frog heart method already 
described. Five different samples of digalen ! were examined accor 
ing to this method. These were all obtained in the open market, bi 
one had been in stock at this laboratory for about two years and twe 
others for about three years; the remaining two (samples 4 and { 
were obtained during the summer.” The appearance of the variot 
samples was very much the same, although the older preparations 
appeared somewhat more tinged with yellow. One sample, howeve 
that of 1905, had evidently undergone some marked chemical change 
since it contained a considerable amount of a dark brown granulai 
substance,* a precipitate not present in any of the other samples. 

These various samples were tested for their effect on the frog’s 
heart in the manner described above, and gave the results shown in 
Table 2. 

* 

TABLE 2.—Determination of the systolic stoppage of the heart of Rana pipiens in o 
hour. Drug injected into abdominal lymph sac. The doses are given in milligram 
per gram of body weight. ft 

DIGALEN No. 1. 

Number | 
offrogs | Dose. Result. 
used. | 

Mo. 
1 0. 020 a 
1 0. 030 _ 2 
1 0. 035 = 
1 0.035 = 
1 0. 040 LPS 

\ 

1 Through the courtesy of the manufacturer the dates of manufacture for the several samples 

obtained, viz., No. 1, 1905; No. 2, 1906; No. 3, 1907; Nos. 4 and 5, 1908. 

2 Both samples 4 and 5 were obtained at a local pharmacy in August, 1909, at which time the experime 

which follow were carried out and are such preparations as would hace been dispensed on a physician’s 

scription, no statement having been made regarding the use to which the drug was to be put. Ont 

account final comparisons of value have been made on the basis of the value of sample 5, in order to 

entirely fair to the manufacturers. However, it seems unwarranted from the evidence as given int 
summary to Table No. 2 to claim absolute uniformity and stability, as preparations made the same yt 

varied very considerably in activity. 

8T am indebted to Mr. M. I. Wilbert for this sample and for the statement that when the precipit 

first formed it was nearly white and that it had become dark on standing. It is also to be noted that it 

instance had these samples been opened, so that this change came about as a result of natural causes é 

was not a deterioration due to opening the bottle, etc. 

§(?) Diastole. 
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BLE 2.—Determination of the systolic stoppage of the heart of Rana pipiens in one 
ur. -Drug injected into abdominal lymph sac. The doses are given in milligrams 

per gram of body weight—Continued. 

DIGALEN No. 2. 

eRe ee SSeess 

=) s 

: DIGALEN No. 3. 

ee Seesss 
oo aS 

os oa 

DIGALEN No. 4. 

ee et 

oo 8B gS 
si | 

DIGALEN No. 5. 

1 0.010 = 
| 0.015 _ 
1 0. 020 1 — 
1 0. 022 aS 
1 0.025 5 | 
1 0. 030 = 

SUMMARY. 

Minimum 
lethal 
dose. 

* 

Mg. 
Minnion Noes oot ssd2.teten es. 224 0.040 (?) 
DWE AMeMINO: 2. sou a s0505 <0 4505 See sai 0. 030 
rraan) PGs Beis oe tia 3 Se 253555 - <5 0. 035 

' MPR INO. loo 0% sass nas ms ceoc Sees 0. 027 
Mipaleny NOt Ot bls. eee tt 2 ot26 2 seo 0. 022 

1(?) Diastole. 

From this summary it will be noted that the several samples of 
digalen varied in value from about 0.02 to over 0.04, the older prepa- 
rations generally testing weaker than those of more recent manu- 
facture, thus indicating some deterioration with age, despite the 
claim that digalen is a stable preparation of digitalis. 

In order to compare the value of these samples of digalen with 
digitoxin and digitalein, experiments were carried out on frogs, using 
the same experimental process as nearly as possible. The results, 
using Merck’s crystalline digitoxin and Merck’s digitalein, are shown 
in Table 3. 
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TABLE 3.—Determination of the systolic stoppage of the heart of Rana pipiens in a 
hour. Drug injected into the abdominal lymph sac. The doses are given in milligrams | 
per gram of body weight. 

DIGITOXIN IN 25 PER CENT ALCOHOL. 

Number 
of animals Dose. Result. 

used. 

Sess S3ess ++4+1 1 

es 

Oo i) to ~] 

oO i=) & 

+4++141 1 

The results of these experiments on frogs would indicate that 
digalen, basing conclusions on the assay of the best testing samples, | 
occupied a place between crystalline digitoxin and digitalein, the 
comparative values, according to the above tests, being crystalline 
digitoxin 0.008, digalen 0.022, and digitalein 0.028. 

As these results indicated that digalen was far from being as active 
as crystalline digitoxin, it was thought to be worth while to carry out 
comparative tests using other methods of comparison in order to 
avoid any possibility of error. 

In line with this, experiments were carried out to determine the | 

comparative effect of the several samples of digalen on the blood 
pressure. For this purpose cats of about the same weight (3,000 to 
3,600 grams) were used and were anesthetized for the experiments by 

ethyl carbamate (urethane) and chloral given by the stomach. The 
blood pressures were taken from the carotid artery and the injections 
of the drug made into the external jugular vein. In working with 
digitalis it is ordinarily advisable, on account of its accumulative | 
action, to take no reading except the first as determinative, but in | 
this series, after an interval of an hour, further injections were made 

and the readings incorporated in the results to make up the averages. 
The following tracings from these experiments illustrate the effect of 
the different samples of digalen in doses intravenously of 2 c. c. each. 
Tracings from blood-pressure experiments using digitoxin and digi- 
talein are also given for the sake of comparison. 

Digalen seemed to cause some stimulation of the central nervous 
system in addition to its action on the circulation antagonizing, in 
several experiments, the effect of the anesthetic which was sufficiently 
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deep before injecting the drug to prevent spontaneous movement 
from the operative procedure. This action is illustrated by the 
following protocol: 

10.30. 2c. c. digalen. 
10.35. Struggling. 
10.36. 2. c. c. anesthetic per jugular; 30 c. c. having been 

given for complete operative anzsthesia. 
10.48. Struggling. 

; 10.52. 1 c. c. anesthetic, intravenous. 
j Pinth,.2 ¢. c. digalen. 

11.03. Struggling. 
11.19. Struggling. 
11.20. 2c. c. anesthetic, intravenous. 
11.32. Struggling. : 
11.34. 1 ¢. c. anesthetic, intravenous. 
11.48. 2 ¢. c. digalen. 
12.05. Struggling. 
12.07. 2c. c. digalen. 
12.15. 2 c. c.-digalen. 
12.24. 4c. c. digalen, total 14 c. c.; (amorphous digitoxin 4.2 

mg.) animal killed. 
The results of this series of blood-pressure experiments are sum- 

marized in Table 4. 

TABLE 4.—Summary of experiments made on the blood pressure of cats. 

Fi Average 
pi | increase in 

inrate. | blood pressure. 

Per cent. | Per cent. 
OSS ee ee 2.0 | 7.1 
eUUNENUCaC UO TEAGINGS) «oc soo ccc cc cee eee cece cess cnc nseeeeee ek 3.6 
SS er ee 6.9 | 5.0 
SuMETIN NM AIOYORGINGS)... -. ono ce ee eee eee cee be cee ccue sence ene ee 5.0 7.7 
I PE I POAIITIES Je oo 5. 5 oop e ofa nin nec pee ene ee See en ene ene weeescasene 6.2 10. 2 

( 

The results tabulated in this summary agree in a general way 

with those obtained in the experiments on the frog’s heart, viz, the 

oldest preparations give the smallest increase in pressure. Excep- 

tions are to be noted, however, in the case of sample 1, which gives 

a relatively marked increase in blood pressure, but failed to stop the 

frog’s heart in systole. Also sample 2, which assayed on the frog’s 

heart somewhat higher than sample 3, has somewhat the lesser 

effect on the blood pressure. 
Blood-pressure experiments were also carried out with digitoxin 

(Merck) and digitalein (Merck) in order to compare their effect with 

that obtained from the use of digalen. 
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The digitoxin was dissolved in 25 per cent alcohol, the digitaleir 
in 25 per cent glycerin and 7 per cent alcohol, the latter solvent | 
being the same as that used in the manufacture of digalen. | 

The digitoxin solution was injected into the external jugular veir 
of cats and the blood pressure taken from the carotid. The follow- 
ing table gives the rise in blood pressure and the change in rate: 

Biood Per cent 
Time. Notes. Rate. rise in 

pressure, pressure. 

12.03 NORMALS: ooo cen ace ecie osane cee meee 205 112 
12.04 0.2'meg. digitoxins...< 20.6062. ose deel ee eee ee 
TDO4: Moke Seis sein so See hank, Rene aes ee 180 96 
TOOT) lo cee h oR cr Sea A ee 190 134 19.7 

1.06 INOPII Be ic aie chlo eels tn ate ee 180 102 
1.07 0:2 mg; digitoxin: ....2. 5 06..5c.00k. does le oe eee eee ee 
AOT8 Yee cies e 2 oe eee eA ee een ectenn at eee 180 100 
Ho Oe Siac byAsns ett bee See ee eee eee 170 118 15.7 

10.25 Normale... nee ee nec aaa ee 190 84 . 
10.26 0:4: meg. Gigitoxini. =. <..0s2gocscmecue woe teee eee eee 
TORY. il SS Se eee Te eM OR OC ae) 160 80 
NOS BOB ae aie ce ere cae ce aie only en oer EE 175 110 30.9 

11.14 Norm ay fs Fo ates Boe ae eee 190 94 
UES 0:4 mg. digitoxin': 22.4.2 55. S.cce ee ce lee ee eee ee eee 
PUL? Wie sant osc cic etn castes cee eee EEE es 180 85 
HUN OE) age te See eee eee ee et aia ts Ce eset 180 114 21.2 

1 Second injection after one hour, using the same cat. 

Digitalein in solution was also tested in the same manner for its 
effect on the blood pressure. Three different experiments were 
carried out using 1-milligram doses at each injection, two deter- 
minative readings being made on each animal. The average rise 
in blood pressure was 9 per cent; the heart rate was slowed on the 
average 10 per cent. | 

In contrast to the apparent stimulating action of digalen neither 
digitoxin nor digitalein in the series of experiments as given above 
caused any symptoms of central stimulation aside from the actior 
on the circulation. . 

Basing comparisons on the effect of these drugs on the blood 
pressure, it will be noted that digalen (the best testing sample), in 
doses of 0.6 mg. caleulated as amorphous digitoxin, Cloetta, increased 
the pressure 10.2 per cent; that digitoxin in an average dose of 0.3 
mg. gave an average rise of 21.9 per cent; and that digitalein, in 
a dose of 1 mg., gave an average rise of 9 per cent. 

One may conclude, therefore, that digalen is considerably less 
active than crystalline digitoxin ' and that it is of about the same o1 

1 Miller, Jour. Am. Med. Ass., 1908, 51, 1745, tested four bottles of Digalen and was unable to get 4 ns 

effect on frogs or on dogs. In quantitative tests Hatcher, Am. Jour. of Phar., 1910, 88,360, found Digalew 

to be about one-fourth the strength of crystalline digitoxin. } 
li 
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slightly greater potency than corresponding amounts of digitalein. 
This conclusion is also borne out by the following series of experi- 
ients. 
White mice of the same lot were weighed, placed in separate jars 

and injected beneath the loose skin of the back with digalen, digi- 
toxin (Merck) and digitalein (Merck). The doses were calculated 
in terms of grams of body weight. Increasing amounts were injected 
until the minimum lethal dose was obtained. The results of these 
experiments are given in Table 5. 

i 
tt 

TaBLE 5.—Determination of the minimum lethal dose for white mice, subcutaneous injec- 
tion. Dose in milligrams per gram of body weight. 

DIGITOXIN IN 25 PER CENT ALCOHOL. 

Number 
of mice Dose. Result. 
used. 

1 0. 008 - 
a 0.011 _ 
1 0.014 + 
1 0.016 oh 
1 0.017 + 

eee oro Sess 
ge oo 

eof a 

DIGITALEIN 7 PER CENT ALCOHOL, 25 PER CENT GLYCERIN. 

: oe 

Oo i=) oS Oo RAS 
er hie] 

From this table it is apparent that the minimum lethal dose for 
digalen again is considerably larger than that for digitoxin (for mice 
about four times). Digitale, as in other methods of testing, 
assayed weaker than digalen, but, according to this method, appeared 
comparatively to be very little weaker. 

With regard to the general action of digalen on both frogs and 
mammals, it appears to possess considerably more stimulant action - 
on the central nervous system than other digitalis preparations. In 
almost every case in the frog experiments the early symptoms of 
absorption were convulsive movements. At times these were clonic, 
but more often tonic in character, the legs being extended and 
remaining in hyperextension for some time. The effect of digalen 
on mice was much the same, except that the convulsions were usually 
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clonic in character. In the blood-pressure experiments no convul- 
sions were so clearly present, the animal being anesthetized, but,as 
has been noted, struggling was often a sequel of the injection of eve 
small amounts of digalen and, to prevent this, further small doses of 
ethyl carbamate were necessary. It is of interest in this connection 
to remember that Teichmann! reported similar symptoms of excessive 
central nervous system stimulation in a patient who was given 4 
ce. c. digalen intravenously. 

CONCLUSIONS. 

Digalen is not a uniformly stable preparation, as is shown by the 
eross appearance of sample 1 and by biologic tests of the five different 
samples. Biologic tests also indicate that digalen is relatively much 7! 
less potent than corresponding amounts of orystallata digitoxin, but 
that it is of about the same activity as digitalein. . 

The experience of clinicians vary, some reporting good results 
from the use of digalen, but many reports indicate that it is much 
less effective than is claimed and that the secondary action of the 
digitalis group appears equally often after its use as with the older 
and cheaper galenicals. Its use in cases of acute heart failure, ' 
whether by intramuscular or intravenous injection, seems to open , 
serious objection (on account of the pain and danger of thrombosis), | 
and it would apparently be better ‘practice in such cases to use | 
either an assayed strophanthin? to be given intramuscularly “| 
intravenously or very small amounts of one of the preparations of 
the suprarenal gland by intravenous injection. 

Digipuratum.—Another of the more recent digitalis preparations, 
the use of which is claimed to produce few or none of the undesirable | 
secondary effects of digitalis medication, is digipuratum (extract of 
digitalis depuratum, Knoll). According to the statement of the 
letters patent, this preparation is made by treating the alcoholic¢ 
extract according to a method originated by Gottlieb* with ether 
As a result the extract is freed from about 85 per cent of inert and 
undesirable material, including the irritating saponin-like body digi- 
tonin. The remaining 15 per cent is said to represent the full activity, 
less about 5 per cent, of the original extract and to contain both digi- 
toxin and digitalin. The digitalis extract having been thus purified 
the resulting yellowish solution is mixed with such amounts of milk- 
sugar that when tested biologically on frogs it has the same activity 
as a like amount of strongly active digitalis leaves—that is, 1 gram 
digipuratum equals in activity 1 gram powdered digitalis leaves. 

1Teichmann: Therap. d. Gegenw., 1907, 48, 199. 

2The importance of an assayed strophanthin has recently been pointed out by Hatcher, J. A. M. A, 

1910, 54, 1050. 
8’ Hoepffner: Miinchen. med. Wehnschr., 1908, 55, 1774. 
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| Digipuratum is further said to be insoluble in cold water and in 
acids, but to be easily soluble in weak alkalies. Theoretically, there- 
fore, it is said to have no action on the stomach and to be absorbed 
only after reaching the small intestine. Clinically also Mueller 
asserts that symptoms on the part of the stomach do not often 
_ develop ;' but too few cases have been reported as yet to establish 
this claim of lessened toxic secondary effects when compared with 

_ the older preparations. Such questions must be left largely to the 
clinician, and the experiments which follow and the conclusions drawn 
from them were carried out merely to determine the drug’s activity 
according to the biologic method of assay used at this laboratory. 

In order to prepare the powdered digipuratum for injection, 1 gm. 
- of the powder was taken and to this 100 mg. sodium bicarbonate 
was added; this mixture of alkali and digipuratum powder was 
then shaken from time to time for 24 hours with 8 c. c. 25 per cent 
alcohol. The insoluble material was then allowed to settle and the 
resulting clear portion was decanted and set aside. The insoluble 
residue was further treated with small amounts of 25 per cent alcohol 
until a total of 20 c. c. alcohol had been used in this shaking out 
process. The later decantations were evaporated over a water bath 
at 80° until the total extractive when added to the first decanta- 
tion equaled 10 c. c., or a solution conforming to the U. S. P. tincture 
of digitalis. 

Digipuratum is also marketed in tablet form, each tablet repre- 
senting 14 grains (100 mg.) of the powder. Ten such tablets were 
treated in the manner above described, so that a resulting alkaline 
25 per cent alcoholic solution of 10 c. c. was obtained. 

An assay of the powder was undertaken to determine the amount 
of powdered digipuratum in 10 per cent solution necessary to pro- 

duce systolic stoppage of the heart of Rana pipiens at the end of one 

hour. Doses were calculated in cubic centimeters per gram of frog 

body weight. The experiments gave the results shown in Table 6. 

TABLE 6.—Effect of powdered digipuratum on the frog. 

Weight | fram | Result. 
of frog. weight. | 

rt) 

oossesss SESSSSe coo ——1 +++4+41 | 

1 Mueller: Miinchen. med. Wehnschr., 1908, 55, 2651. 
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An assay of the tablets of digipuratum was made to determine 
the amount of digipuratum tablets in 10 per cent solution necessary | 
to produce systolic stoppage of the heart of Rana pipiens at the 
end of one hour. Doses were calculated in cubic centimeters perl 
gram of frog body weight. The experiment gave the results shown 
in Table 7. 

( 
\ 

{De 

c 

TABLE 7.—Effect of digipuratum tablets on the frog. | 

Dose per 
Weight 
of frog. gram Result. 

weight. 

42 0. 004 _- 
47 i 0.005 = 
58 0. 006 + 
57 | 0.007 ae 
56 0. 008 oF 
43 0.010 ae 

These results may be summarized as follows: 

: Preparation. Dose to produce systole. 
| 

Digipuratum powder....... 0.006 ce. c.=0.0006 gm. 
Digipuratum tablets....... 0.006 c. c.=0.0006 gm 

These results indicate that the two samples are of the same | 
strength, a result which accords with the manufacturers’ claim that 
digipuratum is an assayed product. They also show that digi- 
puratum in 10 per cent solution (corresponding to the official tinc- 
ture in strength) is of about the same activity as strongly active 
preparations of the official tincture when assayed by the same 
method.' However, when compared with a series of assays? of 
official fluid extracts, diluted to 10 per cent strength, digipuratum 
in 10 per cent solution was more active. 

Experiments were also carried out to determine the action of 
digipuratum on the blood pressure. For this purpose cats weigh- 
ing between 2,200 and 2,700 grams were used, being anaesthetized 
for the experiments with ethyl carbemate (urethane) and chloral | 
given by the stomach or with chloroform and magnesium chloride. 
The blood pressure was taken from the carotid, using the ordinary 
mercury manometer, and the drug was injented into the external 
jugular vein. 

The effect produced by a 1 c. c. dose of a 10 per cent solution of 
digipuratum 1s shown in the following tracing: 

1 Edmunds, iCundles Wallis: The Standardization of Cardiac Remedies. The Journal A. M. A., May 

25, 1907, 48,1744. The doses recorded in this paper are based on the amounts necessary to produce systoli¢ 

stoppage of the heart of 20-gram frogs and should be divided therefore by 20 to permit of comparison. Also 

see pp. 31 and 32. 

2 Edmunds and Hale: Bull. 48, Hyg. Lab., U.S. P. H. and M. H. S., Washington. 
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' Smaller doses were also used and the following protocol illustrates 
‘ the marked action on the blood pressure from } ¢. c. injections of a 
10 per cent digipuratum solution: 
_ November 6, 1909. Cat, 2,280 gms. Anaesthesia urethane 0.050 + 

chloral 0.02 gms. per 100 gms. cat+ether. Artificial erspiration. 

Siw 
B. P. Time. Notes. indreane. Rate. | a ©. 

Per cent 
11.13 ONIN ED are vidindn was 4s Ang hh ado cin de « 2a pete aa Chae 210 | 137 
nen WCs OC, GAS LOTTA. «ois oc a cab cnvecededlsghece¥sdelasdhesvsleacdesee 
NES ee on ead oy ca dae d Cee addeiges cas mee tails sede 200 | 142 
EE Ue ds oxic tides oul sath aedan daday adnade 8.0 180 148 
SE ede a eurdl ou docs ded envakedeqsnacidlageb wakes « | 190 | 138 
11.42 TINO chiaain date rah We eedraswans dice iene sas | 190 104 

A Re a G:C CMI PUPAL... 2c sk. nc0cccucchoWudeadasclotedaees Bee 
En $0 a STW hina Gildas nada Nani Gals ww. os alaMeee wines | 190 112 
Ras ous okaawh «ids grote veiv eR aneduaw a's 25.0 | 210 130 
SE Sok ahah inscne sada ddan Wan des sere cdlebeVekacd | 210 112 
12.17 2 RENOIR ae Wisk ay Ee aad St aire hip Ancora afte ko wo ace | 190 58 
ET sh. CAL EMLIE CU DULING «ha c's So hn wk gee ane dadl ec vonsantslas Eveccsledtcoess 
gt RS a ee ee ee ne 27.5 200 74 
EM ref Sa5 Tea Sos i cing aee aw sawedaack alae pdms abe 200 64 
IRIS ahh S dco a si ad Sai dh sain seine ea emalgen deeaeme 200 48 
12.32 Mer de, MIMPAOP ONE Cc Fc don suns dwt hanaeagnl ds Gaawe vied sma 
I ot oak gs | ead. |s.5- 6s | ie Pee 

Total injection, 2.0 c. ec. 

These biologic tests may, therefore, be said to show that digi- 
puratum is of the same strength whether purchased in the tablet 
or in the powdered form, and that it is of about the same activity 
as the strongest official digitalis preparation on the market. 

To what extent the use of digipuratum is justified on the grounds 
of lessened secondary effects is outside the province of this paper to 
discuss. On general grounds, however, it may be said that its use 
rather than a physiologically standardized official preparation seems 
to offer no special advantages and, except in those cases in which 
secondary toxic effects are produced by them, that the official prep- 
arations would be equally efficient and are about 1,500 per cent 
cheaper. Whether digipuratum also produces secondary toxic 
effects as often as the official galenicals do is a matter which must 
be decided by the clinician. 
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LIST OF HYGIENIC LABORATORY BULLETINS OF THE PUBLIC 
HEALTH AND MARINE-HOSPITAL SERVICE. 

_ The Hygienic Laboratory was established in New York, at the Marine Hospital on 

Staten Island, August, 1887. It was transferred to Washington, with quarters in the 

Butler Building, June 11, 1891, and a new laboratory building, located in Washington, 

was authorized by act of Congress, March 3, 1901. 

” The following bulletins [Bulls. Nos. 1-7, 1900 to 1902, Hyg. Lab., U. S. Mar.-Hosp. 
Serv., Wash.] have been issued: 

* No. 1.—Preliminary note on the viability of the Bacillus pestis. By M.J. Rosenau. 

No. 2.—Formalin disinfection of baggage without apparatus. By M. J. Rosenau. 
* No. 3.—Sulphur dioxid as a germicidal agent. By H. D. Geddings. 
* No. 4.—Viability of the Bacillus pestis. By M. J. Rosenau. 

No. 5.—An investigation of a pathogenic microbe (B. typhi murium Danyz) applied 
to the destruction of rats. By M. J. Rosenau. 

*No. 6.—Disinfection against mosquitoes with formaldehyde and sulphur dioxid. 

By M. J. Rosenau. 

No. 7.—Laboratory technique: Ring test for indol, by S. B. Grubbs and Edward 

Francis; Collodium sacs, by 8S. B. Grubbs and Edward Francis; Microphotography 
with simple apparatus, by H. B. Parker. 

By act of Congress approved July 1, 1902, the name of the ‘‘United States Marine- 

Hospital Service” was changed to the ‘‘ Public Health and Marine-Hospital Service of 

the United States,’’ and three new divisions were added to the Hygienic Laboratory. 
Since the change of name of the service the bulletins of the Hygienic Laboratory 

have been continued in the same numerical order, as follows: 

*No. 8.—Laboratory course in pathology and bacteriology. By M.J. Rosenau. 

(Revised edition, March, 1904.) 

* No. 9.—Presence of tetanus in commercial gelatin. By John F. Anderson. 

* No. 10.—Report upon the prevalence and geographic distribution of hookworm dis- 
ease (uncinariasis or anchylostomiasis) in the United States. By Ch. Wardell Stiles. 

*No. 11.—An experimental investigation of Trypanosoma lewisi. By Edward 

Francis. 
* No. 12.—The bacteriological impurities of vaccine virus; an experimental study. 

By M. J. Rosenau. 
* No. 13.—A statistical study of the intestinal parasites of 500 white male patients at 

the United States Government Hospital for the Insane; by Philip E. Garrison, Bray- 

ton H.-Ransom, and Earle ©. Stevenson. A parasitic roundworm (Agamomermis 
culicis n. g., n. sp.) in American mosquitoes (Culex sollicitans); by Ch. Wardell Stiles. 
The type species of the cestode genus Hymenolepis; by Ch. Wardell Stiles. 

*No. 14.—Spotted fever (tick fever) of the Rocky Mountains; a new disease. By 

John F. Anderson. 
* No. 15.—Inefficiency of ferrous sulphate as an antiseptic and germicide. By Allan 

J. McLaughlin. 
_*No. 16.—The antiseptic and germicidal properties of glycerin. By M. J. Rosenau. 

* No. 17.—IIlustrated key to the trematode parasitesof man. By Ch. Wardell Stiles. 

70066°—Bull. 74—11——5 @) 
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* No. 18.—An account of the tapeworms of the genus Hymenolepis parasitic in man 

including reports of several new cases of the dwarf tapeworm (H. nana) in the United 
States. By Brayton H. Ransom. 

*No. 19.—A method for inoculating animals with precise amounts. By M. J.B 
Rosenau. 

*No. 20.—A zoological investigation into the cause, transmission, and source of 
Rocky Mountain ‘“‘spotted fever.’’ By Ch. Wardell Stiles. 

*No. 21.—The immunity unit for standardizing diphtheria antitoxin (based on 
Ehrlich’s normal serum). Official standard prepared under the act approved July 
1, 1902. By M. J. Rosenau. . 

* No. 22.—Chloride of zinc as a deodorant, antiseptic, and germicide. By T. B. 
McClintic. | 

* No. 23.—Changes in the Pharmacopeceia of the United States of America. Eighth © 
Decennial Revision. By Reid Hunt and Murray Galt Motter. . 

No. 24.—The International Code of Zoological Nomenclature as applied to medi-— 
cine. By Ch. Wardell Stiles. ) 

* No. 25.—Illustrated key to the cestode parasites of man. By Ch. Wardell Stiles. 
* No. 26.—On the stability of the oxidases and their conduct toward various reagents. 

The conduct of phenolphthalein in the animal organism. A test for saccharin, and 
a simple method of distinguishing between cumarin and vanillin. The toxicity of 
ozone and other oxidizing agents to lipase. The influence of chemical constitution 
on the lipolytic hydrolysis of ethereal salts. By J. H. Kastle. 

* No. 27.The limitations of formaldehyde gas as a disinfectant with special refer- | 1! 
ence to car sanitation. By Thomas B. McClintic. 

* No. 28.—A statistical study of the prevalence of intestinal worms in man. By 
Ch. Wardell Stiles and Philip E. Garrison. 

*No. 29.—A study of the cause of sudden death following the injection of horse — 
serum. By M. J. Rosenau and John F. Anderson. 4 

* No. 30.—I. Maternal transmission of immunity to diphtheria toxine. II. Maternal 0 

transmission of immunity to diphtheria toxine and hypersusceptibility to horse serum — 
in the same animal. By John F. Anderson. 

* No. 31.—Variations in the peroxidase activity of the blood in health and disease. 
By Joseph H. Kastle and Harold L. Amoss. 

* No. 32.—A stomach lesion in guinea pigs caused by diphtheria toxine and its 
bearing upon experimental gastric ulcer. By M. J. Rosenau and John F, Anderson. 

* No. 33.—Studies in experimental alcoholism. By Reid Hunt. | : 

*No. 34.—I. Agamoj/ilaria georgiana n. sp., an apparently new roundworm parasite — | 
from the ankle of a negress. II. The zoological characters of the roundworm genus 
Filaria Mueller, 1787. III. Three new American cases of infection of man with 

horsehair worms (species Paragordius varius), with summary of all cases reported to 
date. By Ch. Wardell Stiles. 

* No. 35.—Report on the origin and prevalence of typhoid fever in the District of 
Columbia. By M. J. Rosenau, L. L. Lumsden, and Joseph H. Kastle. (Including } 

articles contributed by Ch. Wardell Stiles, Joseph Goldberger, and A. M. Stimson.) 
*No. 36.—Further studies upon hypersusceptibility and immunity. By M. J. 

Rosenau and John F. Anderson. 
* No. 37.—Index-catalogue of medical and veterinary zoology. Subjects: Trema- 

toda and trematode diseases. By Ch, Wardell Stiles and Albert) Hassall. 

No. 38.—The influence of antitoxin upon post-diphtheritic paralysis. By M. J. 
Rosenau and John F. Anderson. 

*No. 39.—The antiseptic and germicidal properties of solutions of formaldehyde — 
and their action upon toxines. By John I. Anderson. 

* No. 40.—1. The oceurrence of a proliferating cestode larva (Sparganwm proliferum) 
in man in Florida, by Ch. Wardell Stiles. 2. A reexamination of the type specimen 
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of Filaria restiformis Leidy, 1880=Agamomermis restiformis, by Ch. Wardell Stiles. 
3. Observations on two new parasitic trematode worms: //omalogaster philippinensia 
n. sp., Agamodistomum nanus n. sp., by Ch. Wardell Stiles and Joseph Goldberger. 
4. A reexamination of the original specimen of Tenia saginata abietina (Weinland, 
1858), by Ch. Wardell Stiles and Joseph Goldberger. 

* No. 41.—Milk and its relation to the public health. By various authors. 

* No, 42.—The thermal death points of pathogenic micro-organisms in milk. By 
M. J. Rosenau. 

* No. 43.—The standardization of tetanus antitoxin (an American unit established 
under authority of the act of July 1, 1902). By M. J. Rosenau and John F°. Anderson. 

No. 44.—Report No. 2 on the origin and prevalence of typhoid fever in the District 
of Columbia, 1907. By M. J. Rosenau, L. L. Lumsden, and Joseph H. Kastle. 

No. 45.—Further studies upon anaphylaxis. By M. J. Rosenau and John F, 
Anderson. 

No. 46.—Hepatozoon perniciosum (n. g.,n.sp.); a haemogregarine pathogenic for 

‘white rats; with a description of the sexual cycle in the intermediate host, a mite 
{Lelaps echidninus). By W. W. Miller. 

No. 47.—Studies on Thyroid: I. The relation of iodine to the physiological activity 
of thyroid preparations. By Reid Hunt and Atherton Seidell. 

No. 48.—The physiological standardization of digitalis. By Charles Wallis 
Edmunds and Worth Hale. 

No. 49.—Digest of comments on the United States Pharmacopeia. Eighth decen- 
nial revision for the period ending December 31, 1905. By Murray Galt Motter and 
Martin I. Wilbert. 

No. 50.—Further studies upon the phenomenon of anaphylaxis. By M. J. Rosenau 
and John F. Anderson. 

No. 51.—Chemical tests for blood. By Joseph H. Kastle. 
No. 52.—Report No. 3 on the origin and prevalence of typhoid fever in the District 

of Columbia (1908). By M. J. Rosenau, Leslie L. Lumsden, and Joseph H. Kastle. 

No. 53.—The influence of certain drugs upon the toxicity of acetanilide and anti- 
pyrine. By Worth Hale. 

No. 54.—The fixing power of alkaloids on volatile acids and its application to the 
estimation of alkaloids with the aid of phenolphthalein or by the Volhard method. 

By Elias Elvove. 

No. 55.—Quantitative pharmacological studies; adrenalin and adrenalin-like bodies. 

By W. H. Schultz. 
No. 56.—Milk and its relation to the public health. (Revised edition of Bulletin 

No. 41.) By various authors, . 

No. 57.—I. The presence of tubercle bacilli in the circulating blood in clinical and 
experimental tuberculosis. By John F. Anderson. II. The viability of the tubercle 
bacillus. By M. J. Rosenau. 

No. 58.—Digest of comments on the Pharmacopceia of the United States of America 
(eighth decennial revision) and the National Formulary for the period ending Decem- 

ber 31, 1906. By Murray Galt Motter and Martin I. Wilbert. 
No. 59.—The oxidases and other oxygen catalysts concerned in biological oxida- 

tions. By Joseph Hoeing Kastle. 
No. 60.—A. study of the anatomy of Watsonius (n. g.) Watsoni of man, and of 19 

allied species of mammalian trematode worms of the superfamily Paramphistomoidea. 
By Ch. Wardell Stiles and Joseph Goldberger. 

No. 61.—Quantitative pharmacological studies: Relative physiological activity of 

some commercial solutions of epinephrin. By W. H. Schultz. 
' No. 62.—The taxonomic value of the microscopic structure of the stigmal plates 
in the tick genus Dermacentor. By Ch. Wardell Stiles. 
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_Some considerations on colorimetry, and a new colorimeter. By Norman Roberts. 

() 

No. 63.—Digest of comments on the Pharmacopeeia of the United States of Americ 
(eighth decennial revision) and the National Formulary (third edition) for the calendar _ 
year ending December 31, 1907. By Murray Galt Motter and Martin I. Wilbert. 

No. 64.—Studies upon anaphylaxis with special reference to the antibodies con 
cerned. By John I’. Andersonand W. H. Frost. 

No. 65.—Facts and problems of rabies. By A. M. Stimpson. 

No. 66.—I. The influence of age and temperature on the potency of diphtheria anti 
toxin. By John F. Anderson. II. An organism (Pseudomonas protea) isolated from 
water, agglutinated by the serum of typhoid fever patients. By W. H. Frost. III. 

IV 

IV. A gas generator, in four forms, for laboratory and technical use. By Norman 
Roberts. 

* No. 67.—The solubilities of the pharmacopeeial organic acids and their salts. By 
Atherton Seidell. 

No. 68.—The bleaching of flour and the effect of nitrites on certain medicinal 
substances. By Worth Hale. 

No. 69.—The effect of a restricted diet and of various diets upon the resistance of 
animals to certain poisons. By Reid Hunt. 

No. 70.—A study of melting-point determinations with special reference to the 
melting point requirements of the United States Pharmacopeia. By George A. 
Menge. 

No. 71.—I. Some known and three new endoparasitic trematodes from American 
fresh-water fish. By Joseph Goldberger. II. On some new parasitic trematode worms 
of the genus Telorchis. By Joseph Goldberger. III. A new species of Athesmia from 
amonkey. By Joseph Goldberger and Charles G. Crane. 

No. 72.—I. Report on an outbreak of typhoid fever at Omaha, Nebr. (1909-1910). 

By L. L. Lumsden. II. The water supply of Williamson, W. Va., and its relation 
to an epidemic of typhoid fever. By W. H. Frost. 

No. 73.—The effect of a number of derivatives of choline and analogous compounds 
on the blood pressure. By Reid Hunt and R. de M. Taveau. 

No. 74.—Digitalis standardization and the variability of crude and of medicinal 
preparations. By Worth Hale. 

In citing these bulletins, beginning with No. 8, bibliographers and authors are 

requested to adopt the following abbreviations: Bull. No. -—, Hyg. Lab., U. S. 
Pub. Health & Mar. Hosp. Serv., Wash., pp. ——. | 

MAILING LIST. 

The Service will enter into exchange of publications with medical and scientific 
organizations, societies, laboratories, journals, and authors. ALL APPLICATIONS FOR 

THESE PUBLICATIONS SHOULD BE ADDRESSED TO THE ‘‘Surgeon General, U.S. 

Public Health and Marine-Hospital Service, Washington, D. C.,’? mxcEPT 

THOSE MARKED (*). 

The editions of the publications marked (*), available for distribution by the 
Surgeon General of the Public Health and Marine-Hospital Service, have been 

exhausted. Copies in some instances may, however, be obtained from the Super- 
intendent of Documents, Government Printing Office, Washington, D. C., who sells 
publications at cost, and to whom requests for publications thus marked should be 

made. 
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