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PREFACE.

These abbreviated lecture notes are intended for

the use of students in conjunction with a text-book,

and not as a substitute for a larger work. Conse-

quently, no attempt has been made fully to illustrate

this book. The questions introduced at the end of

each chapter are not exhaustive, but may, it is hoped,

if carefully considered, be found useful as an aid to

thinking over what has been read.
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PHYSIOLOGY.

CHAPTER I.

PROTOPLASM, BLOOD, AND LYMPR

PROTOPLASM.

The different tissues of the human body consist of

cells and intercellular substance, the former composed

largely of protoplasm, the latter of simpler material,

manufactured by the cells, and probably lifeless. Liv-

ing protoplasm, or bioplasm, is an exceedingly complex

substance, impossible of analysis, since its life is de-

stroyed by treatment with chemical reagents, containing

a large store of potential energy, unstable, irritable.

By the irritability of bioplasm is meant its power of

response to a stimulus, which may be mechanical, ther-

mal, chemical, or electrical ; or to the normal nerve-

impulse, the nature of which is unknown, but which

probably consists in the transmission of a physical,

rather than a chemical change, along a nerve-fiber. The
response consists of a chemical change in the proto-

plasm, often accompanied by the liberation of far more

energy than is applied as a stimulus.

On analysis, dead protoplasm is found to consist of

water, inorganic salts, proteids, nucleoproteids, carbohy-

11



12 PKOTOPLASM, BLOOD, AND LYMPH.

drates, fats, lecithiiij cholesterin, and various simpler

substances. Whether, and to what extent, these are, in

the living condition, chemically combined with one an-

other is not known.

Proteids are highly complex bodies of unknown
composition, made up of carbon, oxygen, hydrogen,

nitrogen, sulphur, and sometimes phosphorus, in the fol-

lowing proportions by weight: Carbon, 51 to 55^ ;

Oxygen, 20 to 24% ; Nitrogen, 15 to 17% ; Hydro-

gen, 6.8 to 7.3% ; and Sulphur, 0.3 to 5%. A single

proteid molecule may perhaps contain as many as 2000

atoms ; the molecular weight of egg-albumen being

possibly as high as 14,000. Native proteids are coagu-

lated by boiling ; they are precipitated by alcohol, by

the salts of the lieavy metals, and by mineral acids, and

are coagulated by prolonged treatment with alcohol

;

they are nondialyzable. The table on the opposite page

gives the solubility of several native proteids, proteoses,

and peptones.

Nucleoproteids are compounds of a proteid and

nuclein, nuclein itself being a compound of a proteid

and nucleic acid, while nucleic acid may be split up

into phosphoric acid and nucleic bases, such as adenin,

guanin, etc.

Carbohydrates are composed of carbon, hydrogen,

and oxygen, the two latter being present in the propor-

tions to form water ; they are simpler than the proteids,

though some of the polysaccharids appear to be very

complicated in structure :

Tlie carbohydrates may be divided into three groups,

as follows :

Monosaccharids, e. (/., Grape-sugar, C^.HjgOg.

Disaccharids, e.
f/.,

Cane-sugar, C^.fl..^.f)^^.

Polysaccharids, e. g., Starch, (CgHjyOg)^.
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14 PROTOPLASM, BLOOD, AND LYMPH.

The stereochemical formulse of many sugars are

known, Emil Fischer having, in the laboratory, syn-

thesized a greater number than are known to exist in

nature. The monosaccharids are aldehyds or ketones

of hexatomic alcohols, and are known as aldoses and
ketoses ; for instance, dextrose is the aldehyd of the

alcohol sorbite ; levulose, or fruit-sugar, is the ketone

of the alcohol mannite.

The stereochemical formula for Grape-sugar (d-Glu-

cose, or Dextrose) is as follows :

H H OH H
I I I I

CH2OH-C—C—C—C—COH
I I I I •OH OH H OH

For Fruit-sugar (d-Levulose) :

H H OH
III

CH2OH—C—C—C—CO—CHnOH
I I I

OH OH H

In the formula for dextrose, it will be noticed that

there are a number of possible different arrangements

of the four intermediate CH.OH groups ; for instance,

we may transpose the H and the OH in the last group,

thus

:

H H OH OH
I I

I

I

CH2OH—C—C—C- C—COH
I I

I I

OH OH H H

and we have d-Mannose, another sugar of the aldose

group. It would be possible for sixteen diiferent al-

doses to exist, each with the formula CH20H.(CH0H)^-
COIl ; of these, twelve are known. Like other aide-



2



16 PROTOPLASM, BLOOD, AND LYMPH.

Palniitiii, C3H.(C^gH3P2)3- Melting-point, 45° C.

Stearin, C3H;''(C^gH3P,)3. ^' " 53°-66° C.

Olein, C3H:(C,3H330,)3. " - -5° C.

The melting-point of a mixed fat depends on the rela-

tive proportions of the mixture. Human fat contains

from 67 fo to SOfo olein, and is liquid at body-temper-

ature.

Lecithin is a complicated nitrogen- and phosphorus-

containing fat, found in all cells, and more especially in

the nervous system.

Cholesterin, C^^H^gOH, is also found in the nervous

system ; it is a constituent of all cells, especially blood-

cells, and is present in the bile. It is a monatomic

alcohol.

Of special importance, amongst the inorganic salts

of protoplasm, are the phosphates and chlorids of po-

tassium, sodium, and calcium. Iron is also present,

and is an indispensable constituent of the red blood-

cell.

Even when a living cell is at rest, there goes on

within it a never-ceasing chemical change, known as

Metabolism. The changes are of two kinds : Ana-
bolic, constructive, or synthetic ; and Katabolic, de-

structive, or analytic. Since destructive changes are

constantly going on within the cell, it is necessary that

the cell be as constantly supplied with food with which

to replace that Avhich is consumed ; and more especially

is this true with regard to proteid food, for while it is

possible for animal bioplasm to convert proteid into

either fat or carbohydrate, it is entirely incapable of

manufacturing proteid out of anything else. For this

reason the proteids have received their name, which

means ^^ of first importance.''

Since oxidation is one of the chemical changes in-
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eluded under metabolism, a continuous supply of oxy-

gen is another necessity. One of the cliief products

of oxidation is carbon dioxid ; this, and other waste

products arising from katabolic changes, must be re-

moved from the cell as fast as they are formed, as their

accumulation is injurious to the bioplasm, and destruc-

tive of its irritability.

Another characteristic katabolic change is Hydrolysis,

whicli consists in the hydration and splitting-up of a

comparatively complex substance into two or more
simpler bodies ; for instance :

(CeHioOg)^ + nH^O = n(^,TL,,0^.
Glycogen Water Dextrose .

Amongst the anabolic or synthetic changes there

occurs the opposite of hydrolysis—namely, one consist-

ing of the building of two or more comparatively

simple bodies into one complex substance, accompanied

by dehydration ; for instance :

nCeHi^Oe = (CeH,oO,)„ + nH,0
Dextrose Glycogeu Water.

This is called dehydrolysis.

After the food has been absorbed bv the walls of the

alimentary canal, it is still far out of the reach of the

majority of the cells of the l)ody ; the same is true of

the oxygen that is absorbed from the air spaces of the

lungs ; the cells would thus starve to death but for tlie

intervention of the Blood, which, as it passes through

the vessels of the alimentary canal, takes up the food,

and on its way through the pulmonary vessels, takes

up oxygen, carrying these to all parts of tlie body.

The blood is, however, inclosed in a system of tubes,

so that only those cells which line the vessels can

pbtain their nourishment directly from the blood.

2



18 PROTOPLASM, BLOOD, AND LYMPH.

Through the walls of the smaller vessels, there filters

out a liquid, closely resembling the blood plasma,

called Lymph. In it, held in solution, are the neces-

sary food-stulfs, and into it as it lies in the lymph-

spaces, which intervene between the cells of the various

tissues, there diffuses, from the Ijlood-vessels, oxygen
;

so that the cells are thus supplied with both food and
oxygen, through the lymph, by the blood. At the

same time the waste products of cell metabolism pass

from the cells into the lymph, and thus to the blood, by
which they are carried to the various organs whose

function it is to excrete them. The blood thus plays

the part of both purveyor and scavenger. It also

serves to equalize the temperature of the different parts

of the body. •

THE BLOOD.

The blood consists of cells and plasma. In that of

man, tlie cells form about 48^ ; in that of women and
children, rather less. The cells are of two varieties

—

the red cells, or erythrocytes ; and the white cells, or

leukocytes. Of the latter, there are several different

forms. In the blood of man there are about 5,000,000
red cells to the cubic millimeter ; in woman's blood,

about 4,500,000. The number of white cells is very

variable ; on tlie average, tliere are about 10,000 to the

cubic niilHmeter. In addition to the red and wdiite

cells, there are smaller bodies, called platelets, or plaques;

about tliese very little is known ; they are more numer-
ous than tlie white cells, less so than the red ; they dis-

integrate ra])idly in blood that is shed.

Composition of the Blood Plasma.

—

Water 90%
Inorganic Salts (XaCl, Na.CO,, XaHCO,,
Na.HPO,. NaHjPO,, KCl, KjSO,, Caj-

(POJ,, CaCl,, etc.) 0.8%
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Dextrose 0.12-0.2%
Fats U.2-(1.0)%
Proteids :

Serum-albumin 4.52%
Globulius : Serum-globulin .... 3.10%

Fibrinogen 0.50%
Urea 0.02%
Kreatin, uric acid, xanthin bases, lec-

ithin, etc., traces.

Nucleoproteids ( ? )

.

Ferments (diastatic, glycolytic, and steat-

olytic).

It will be seen that the plasma contains all the

necessary food-stuffs, proteid, carbohydrate, and fat.

Water and the inorganic salts are of equal importance.

The urea, kreatin, uric acid, etc., represent waste prod-

ucts of proteid metabolism.

It is absolutely necessary that the blood be alkaline.

This is insured by the presence of the carbonates of

sodium, and in case of acid-poisoning, by the splitting-

off of ammonia from the proteid molecules.

The nucleoproteid foinid in the liquid part of the

blood after it is shed perhaps originates from the

leukocytes after the blood leaves the vessels, and may
not be a normal constituent of the plasma. Ferments
are present in small quantities only ; a diastatic ferment

is one which converts starch into sugar; a glycolytic

ferment splits up sugar ; a steatolytic ferment splits up
fats.

The three proteids of blood plasma differ in their

solubility, as is set forth in Table I. Tliey also differ

in the temperature at which they coagulate. Serum-
albumin coagulates at three different temperatures : the

first portion at 72° to 75° C. ; the second at 77° to

78° C. ; and the third at 83° to 8(3° C. Serum-
globulin coagulates at 75° C. ; Fibrinogen, at 56° C.

;

and Nucleoproteid, at 65° C.
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Coagulation.—A highly important characteristic of

blood is its power of clotting when shed ; were it not

for tliis, fatal hemorrhage might result from a very

trifling wound. In the class of patients known as

" bleeders ^' this is the case ; their blood is lacking in

the power of clotting. The term hemophilia is applied

to this condition.

From three to six minutes after human blood leaves

the blood-vessel, if conditions be favorable, it becomes
syrupy in consistence, and later forms a jelly which con-

tracts and expresses a clear yellow liquid—the Serum.
This change depends upon the appearance, in the plasma,

of innumerable fine fibrils, which are distributed through-

out the whole mass of blood in the form of a close mesh-
work. In the interstices of this the blood-cells are en-

tangled, so that they form a part of the clot, though not

an indispensable part, for plasma may be caused to clot

after the complete removal of the cells, in which case

the clot is a light yellow, transparent jelly.

The fibrils, on the formation of which clotting de-

pends, consist of an almost insoluble proteid which is

called Fibrin. If the blood, as it is shed, be collected

in a vessel and whipped with a bundle of twigs, the

fibrin fibrils adhere, as fast as they are formed, to the

wliipper, and may thus be removed from the blood.

The blood thus defibrinated remains liquid indefinitely,

and, by its appearance, cannot be distinguished from
normal blood. If the fibrin collected in this way be
washed free from the few blood-cells which are held

between its fibrils, it is found to be a stringy, elastic

substance, and gray in color.

In composition, serum is similar to plasma, save that

it contains no fibrinogen ; in addition, it contains a fer-

ment of which mention will be made below. We see,

then, that fibrinogen disappears during the clotting of
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blood. Furtlier, if fibrinogen be removed l^efore the

blood has had time to clot, clotting Avill be entirely

prevented ; thus fibrinogen is necessary to the clotting

of blood.

The clotting of blood depends upon the conversion

of fibrinogen into fibrin. The next question is, What
is the cause of this conversion ? The clotting of blood

may be prevented by the addition of a certain quantity

of a salt, such as magnesium sulphate, the amount added

being insufficient to precipitate the proteids of the

plasma. Blood so treated is known as salted blood, and

from it, by allowing the blood-cells to settle, can be ob-

tained salted plasma, which remains liquid. Now, if

to salted plasma there be added a small quantity of

blood-serum, or a small quantity of an extract made
from a blood clot, the salted plasma clots ; its fibrinogen

is converted into fibrin. The small quantity of serum

which is necessary indicates that the process may de-

pend upon the action of a ferment, or enzyme.

Enzymes.—The following are some of the charac-

teristics of enzymes, or ferments, a class of bodies of

whose nature we are ignorant, their analysis having, so

far, proved impossible, owing to the difficulty of sepa-

rating them from impurities, and of obtaining them in

sufficient quantities.

Their activity does not exhaust or use them up ; con-

sequently

—

A minute quantity of enzyme may cause tlie fermen-

tation of an indefinite amount of fermentable material.

The accumidation of the products of fermentation

interferes with their continued action.

Their action is retarded by cold.

There is an optimum temperature, at which an en-

zyme acts most rapidly : the optimum for those found

in the human body is about 40° C.
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They are destroyed by boiling, though in a dry con-
dition they may be heated to a temperature of 100° C.

without injury.

The activity of many enzymes is dependent on the

reaction of the solution in which they are present, a

neutral or slightly alkaline reaction being most favor-

able in the majority of cases
;
pepsin, however, requires

a slightly acid reaction.

The chemical change resulting from their action is

usually one of hydrolysis. (See page 17.) Maltase,

however, while its characteristic action is the conversion

of maltose (malt-sugar), by hydrolysis, into dextrose,

can, if added to a strong solution of dextrose, convert a

small portion of the latter into maltose. It is possible

that other enzymes are capable of this reversed zymolysiSy

and that this affords an explanation of the hindering

effect of an accumulation of the products of fermentation.

Finely divided platinum, paladium, and iridium, be-

have, in some respects, as do enzymes ; for instance,

they may, by hydrolysis, invert cane-sugar—that is,

convert it into equal parts of dextrose and levulose.

In the decomposition of H^O^, j^latinum appears to act

by contact, and not by entering into the reaction.

We know no more of tlie method of action of fer-

ments than we know of their composition ; amongst
other explanations that have been suggested are the fol-

lowing ; according to one of these theories, the enzyme
unites with the fermentable material to form an unstable

compound which readily breaks down into the original

enzyme, and substances which are simpler and more
stable than the original fermentable material, e.g.:

(1) Malt-sugar -f- Enzyme -f HjO = Substance x.

(2) Substance x = Enzyme -f Grape-sugar + Grape-sugar.

According to another hypothesis, the enzyme is in a
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state of molecular movement, which is, by contact, im-

parted to the fermentable material, renders it unstable,

or increases its instability, and thus causes it to break

down into simpler and more stable substances. The
susceptibility of any substance to the action of a given

enzyme depends upon its molecular structure.

To return to the clotting of the blood, there are

other indications that the process is one of zymolysis.

For instance, serum that has been boiled is no longer

capable of causing salted blood or solutions of pure

fibrinogen to clot ; again, clotting is retarded by cold,

and hastened by keeping the blood at or a little above

body-temperature. It is supposed that clotting is in-

deed caused by an enzyme, to which the name of fibrin=

ferment has been given. This ferment probably origin-

ates, on the shedding of blood, from the union of a

nucleoproteid, derived from the white blood-cells, with

calcium. Clotting may be prevented by the addition

of any substance

—

e. g., potassium oxalate or soajj

—

which will cause the precipitation of the soluble calcium

of the plasma. It seems that contact with any foreign

surface causes the white bloocl-cells to excrete nucleo-

proteid into the plasma, wnth the subsequent formation

of fibrin-ferment ; for if blood be drawn directly into

oil through an oiled cannula, the formation of fibrin-

ferment is very much delayed, apparently because the

leukocytes are protected from the injury to wdiich, but

for the oiling of the cannula and receptacle, they w^ould

have been subjected. The prevention of coagulation

by cooling the blood to 0° C. also depends, in part,

upon conservation of the leukocytes.

The clotting of blood may, for the time being, be

prevented by the intravascular injection of albumoses,

or of a very small quantity of nucleoproteid ; the in-
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jection of larger amounts of nucleoproteid causes

extensive intravascular clotting.

The lungs in some unknown way lessen the tendency

of the blood that circulates through them to coagulate,

while the liver exerts an influence in the opposite

direction.

Transfusion.—After severe hemorrhage it is some-

times necessary to increase the bulk of the patient's

blood by the injection of some liquid, and the choice of

this liquid is important. Since defibrinated blood

always contains flbrin-ferment, it is inadvisable to in-

ject the blood of another person, even if that person is

known to be perfectly healthy, and the blood has been

whipped to prevent its coagulation ; the fibrin-ferment

contained in it may cause intravascular clotting of the

remnant of the patient's own blood. The injection of

blood taken from some other animal is objectionable for

the same reason, and possesses another disadvantage

—

namely, that the blood of one species may destroy the

cells in the blood of another species with Avhich it is

mixed ; this is known as the globulicidal action.

The direct transfusion of blood from the vessel of one

patient into the vessel of another is dangerous, in that

the leukocytes may be injured as they pass through the

connecting cannula, and thus, nucleoproteid being set

free, fibrin-ferment may be formed and coagulation be

caused. All that is necessary is the injection of a

sodium chlorid solution which is isotonic with the blood

plasma and with the cells; that is, a 0.9^ or 1 ^
solution. Before injection it must, of course, be care-

fully sterilized by boiling, and be brought to body-

temperature. After hemorrhage the regeneration of

red blood-cells is usually rapid.

Osmotic Pressure.—(Jsmosis is not precisely

understood, but the follo\\ing explanation of the
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phenomenon, though not free from objections, may be

of service.

When a substance is dissolved in a liquid, it behaves

as though it were a gas; its molecules are in constant

motion. The outermost layer of liquid acts as a limit-

ing membrane, against which the molecules of the sub-

stance in solution are continually striking ; the result

of these impacts is a constant outward pressure, just as

the molecules of a gas inclosed in a vessel are continu-

ally striking against the inner surface of the vessel and
subjecting it to a pressure. In each case, the pressure

is proportional to the number of molecules contained

—

in the one case, in a given quantity of liquid ; in the

other, in a given space. The larger the number of

molecules, the greater the pressure.

Let a vessel containing water be divided into two
compartments by a loosely stretched membrane of such

a nature that water can easily pass through it, while it

is entirely impermeable by albumin. If, now, some
albumin be introduced into one of tlie compartments, a
(Fig. 1), and be dissolved, its molecules will wander
in all directions through the solution, and many of them
striking against the membrane, will press it throiic/h the

water, and cause it to bulge into compartment b (Fig. 2).

This is possible only where the membrane is permeable

by water. The albumin solution will have increased in

bulk, owing to the passage of water through the mem-
brane.

When the membrane has become taut, the passage of

water from b into a will not cease, for the albumin
molecules are not only striking against the membrane,
but against every part of the limiting layer of the solu-

tion in a, including that forming the upper surfoce of

the liquid. The tendency will be, then, to force this

surface layer upward, and since no such tendency exists



26 PROTOPLASM, BLOOD, AND LYMPH.



OSMOTIC PRESSURE. 27

in h (for the water in b contains no substance in solu-

tion), water will continue to pass from 6 into a, and the

level of the liquid in a will rise, while that of the water

in b will sink (Fig. 3). This will go on until all the

water has been absorbed by the albumin solution, or

until the difference between the levels of the two liquids

represents a hydrostatic pressure equal to the osmotic

pressure of the albumin solution, at which point equi-

librium will be established. A much more convenient

method of ascertaining the osmotic pressure of a solu-

tion is the measurement of its freezing-point.

When any substance is dissolved in water, the

freezing-point of the solution is lower than that of

water ; the same is true if some solvent other than

water be used—the freezing-point of the solution is

lower than that of the solvent. The freezing-point is

depressed in proportion to the molecular concentration

of the solution, and, of course, in proportion to its

osmotic pressure. A depression of the freezing-point

by 1° C. indicates an osmotic pressure of 9,437 mm.
of mercury. If, then, we find the freezing-point of a

solution to be, for example, —0.02° C, its osmotic pres-

sure must be 9437 X 0.02 ==188 mm. Hg.
In order to make solutions of two different sub-

stances, which shall be isotonic with one another, each

substance must be dissolved in proportion to its molec-

ular weight, and each solution made up, by the addi-

tion of water, to the same bulk. For instance, take

one gram-molecule of Cane-sugar, Cj^H.^^O^p—that is,

342 grams (a gram-molecule is the molecular weight of

a substance expressed in grams),—dissolve it in water,

and add water until the solution measures 1 liter. A
solution of Grape-sugar, CgHj^C^^., to be isotonic with
the above solution of cane-sugar, must be made in the

same way, with one gram-molecule, 180 grams, of grape-
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sugar. The freezing-point of each will be — 1.8° C.

;

the osmotic pressure, 9437 Xl.8 = 16,986 mm. Hg.

In the case of an equimolecular solution of an elec-

trolyte, however, the freezing-point would be lower,

and the osmotic pressure higher. An electrolyte is a

substance a certain proportion of whose molecules

undergo dissociation when it is dissolved ; for instance.

Sodium Chlorid is, to a certain extent, dissociated, on

solution, into Na and CI ions, each ion behaving, as far

as osmotic pressure is concerned, as though it were a

molecule. In the case of a salt like Mercuric Chlorid,

the molecules which become dissociated split up into

three ions, Hg, CI, and CI, so that the freezing-point

will be depressed still further, and the osmotic pressure

will be still higher, than in the case of an equimolecular

solution of a noneU^ctrolyte. Solutions of an electro-

lyte are capable of conducting electricity ; solutions of

nonelectrolytes are nonconductors.

If solutions of two different substances be separated

from one another by a membrane which is impermeable

by each of these substances, but permeable by w^ater,

water will pass through the membrane toward the

solution possessing the higher osmotic pressure. This

will continue until, by tlie dilution of the one, and con-

centration of the other, the osmotic pressures of the two

have been equalized ; that is, provided the two liquids

be kept at the same level, in order to exclude the effect

of hydrostatic pressure.

If solutions of two different substances be separated

from one another by a membrane which is impermeable

by one of them, sJightly permeable by the other, and

readily permeable by water, the result may be compli-

cated. As an example, let us take two solutions, a and

6, separated l)y a membrane which is impermeable by

the substance dissolved in a, slightly permeable by the
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substance dissolved in h, and readily permeable by
water. If the osmotic pressure of a be greater than

that of b, water will pass from h to a, but not so

rapidly as it would do if b Avere pure water ; for the

osmotic pressure of 6 will retard its loss of Avater, since

the majority of the molecules in b will, on reaching the

membrane, strike against it and rebound ; a few will,

however, pass tlu'ough into a, and the final result, if

the experiment be sufficiently long continued, will be

the complete absorption of b by a.

If, at the beginning of the experiment, the osmotic

pressure of b be greater than that of a, although the

final result will be the same as in the last case con-

sidered, water will at first pass from a to 6, for more
pull is exerted by b. Since, however, the osmotic

pressure of b will be continually reduced, not only by
dilution, but also by the slow diffusion of its dissolved

substance into a, and at the same time the osmotic

pressure of a will continually increase, owing to loss of

water and gain of the substance which diffuses into it

from 6, a time must come when the two solutions are

isotonic with one another, and the passage of Avater

through the membrane Avill momentarily cease. The
substance dissolved in b will, however, continue to

diffuse through the membrane into a; this will raise

the osmotic pressure of a above that of b, and water

will now begin to pass in the direction of a. The final

result will, as above, be the complete absorption of 6

by a.

Erythrocytes.—The chemical composition of the

red cells is about as follows :

Water 90.0%.
Hemoglobin 36.0%.
Proteids 3.2%.
Lecithin and cholesterin 0.2%.
Inorganic salts 0.6%.
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While amongst the inorganic salts of plasma and lymph
the sodium salts predominate, in the cells potassium

salts are the more abundant.

Hemoglobin is a compound proteid, which may be
split up into a globulin and a pigment^ Hemochromogen.
Both these substances^ apparently owing to the fact that

they contain iron^ possess a marked affinity for oxygen,

with which they unite to form unstable compounds ; in

the one case Oxyhemoglobin, in the other, Hematin.

Hemoglobin, Hb, and Oxyhemoglobin, HbOg, are both

crystalline, and soluble in water. Oxyhemoglobin is

scarlet in color, and is accountable for the color of arte-

rial blood, venous blood being dark purple owing to the

reduction of much of the hemoglobin. Hemoglobjn
also possesses an affinity for Carbon monoxid, with

which it unites to form Carbon-monoxid hemoglobin,

HbCO, a compound which is more stable than HbO^.
This is why the inhalation of coal-gas is dangerous

;

the carbon monoxid contained in coal-gas combines with

the hemoglobin, and thus prevents its union with oxy-

gen. Hemoglobin forms a still more stable compound
with nitric oxid. If oxyhemoglobin be treated with an
oxidizing agent, it is converted into llethemoglobin,

Avhich contains the same amount of oxygen as does

oxyhemoglobin, but the union is a firmer one. Methem-
oglobin is brown in color. Each of these pigments

shows, in dilute solution, a characteristic spectrum.

Oxyhemoglobin shows two absor])tion bands between

the Frauenhofer lines D and E, the band toward the

red end of the spectrum being the narrower and darker

of the two. Reduced hemoglobin shows one band, be-

tween the lines J) and E, which is broader and less

well-defined than the absorption bands of oxyhemoglo-
bin. By means of photography, another absorption

band, still more characteristic of blood pigment, may



LEUKOCYTES. 31

be shown between the Frauenhofer lines G and H
;

this is known as Soret\s band.

Leukocytes, or white blood-cells, are composed
about as follows : AVater, 88.5 ^/c \

proteids and nucleo-

proteids, 9 ^ ; and small quantities of lecithin, choles-

terin, fats, inorganic salts, etc.

The lenko(wtes are, as we have seen, concerned in

the clotting of blood ; the blood platelets also probably

take part in the formation of fibrin-ferment. The leu-

kocytes possess the power of changing their shape (ame-

boid movement), and in this way escape through the

walls of the capillary blood-vessels (diapedesis) and
wander through the tissue spaces ; this process is greatly

accelerated by the presence of an irritant, the leukocytes

collecting in large numbers in an inflamed area, and
being directed thither by chemotropism. If a small

tube filled with a culture of bacteria be introduced

under the skin, the chemical products of bacterial ac-

tivity will diffuse through the open end of the tube into

the lymph-spaces ; on coming in contact with the leu-

kocytes, they influence them in such a manner that the

leukocytes are caused to move in the direction from
which the bacterial products approach them. It is sup-

posed that the leukocytes either ingest the bacteria

( phagocytosis), or secrete some substance which inhibits

their growth and activity ; the leukocytes of the frog

have been shown to do both. In this way the white

blood-cells may afford protection against the inroads of

bacteria, and assist in maintaining the health of the

individual.

THE LYMPH.

Lymph is formed by the filtration of plasma through
the walls of the capillaries into the lymph-spaces, which
lie outside the capillaries and between the cells of the
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various tissues. Its composition is, however, not pre-

cisely the same as that of the plasma, owing to the fact

that the proteids do not pass through the capillary wall

as readily as do the other constituents of the plasma.

The capillaries of different parts of the body differ in

their permeability, those of the liver being the most

permeable, those of the lo\ver limbs the least so ; con-

sequently, the lymph formed in different parts differs

in composition ; that formed in the liver may contain

proteids to the extent of 6 % ; that formed in the legs,

about 3 ^0 •

The force concerned in causing the filtration of the

plasma into the lymph-spaces—in other words, in the

formation of the lymph—is the intracapillary blood

pressure. To this force are opposed the following : \he

slight resistance offered by the capillary wall to the

passage through it of water and inorganic salts ; the

much more effective resistance which is opposed to the

passage of proteids ; and the osmotic pressure which is

exerted by that portion of the proteids which does not

pass through the wall, but remains within the capil-

laries. This portion is usually the larger. Proteids

form about 8 ^ of the plasma, and exert an osmotic

pressure of about 30 mm. of mercury ; the lymph con-

tains about 3 fo proteids with an osmotic pressure of 10

mm. of mercury or a little more, exerted in the opposite

direction ; so that the balance of osmotic pressure

Avhich is effective in resisting the outward passage of

lymph amounts to about 20 mm. Hg. The intracapil-

lary blood pressure is, under ordinary circumstances,

from 30 to 50 mm. Hg, and suffices to overcome the

op]K)sing forces which have been mentioned above ; but

if for any reason

—

(\ </., after severe hemorrhage—the

intracapillary pressure falls below 20 nun. Hg, the

effective balance of osmotic pressure, due to the pre-
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dominance of proteids within the capillaries, will cause

the absorption of water from the lymph-spaces.

Any dilution of the plasma will, by reducing the

effective balance of osmotic pressure, lead to an in-

creased production of lymph. A rise of intracapillary

pressure will hasten lym])h-production ; for instance,

compression of the veins of a limb will, by interfering

with the exit of blood, raise the pressure within the

capillaries of the limb, and by causing an overproduc-

tion of lymph, lead to edema. Edema may also result

from an injury to the capillary wall, whereby its per-

meability is increased.

QUESTIONS FOR CHAPTER I.

What is the source of the potential energy which is contained

in food ?

In what respect does bioplasm resemble dynamite?

Why is it impossible to convert fat and carbohj'^drate into pro-

teid ?

Why is hydrolysis accompanied by the liberation of heat ?

Why are native proteids divided into two classes?

How may native xjroteids be removed from a solution which also

contains proteoses and peptones, without removing the two latter?

What proportion of a blood clot consists of fibrin ?

How does hemoglobin differ from other proteids?

How may albumins be separated from globulins ?

What are some of the changes which occur in blood when it is

boiled ?

What are the effects of removing all the inorganic salts from

blood ?

Does the '

' salting '
' of blood prevent the formation of fibrin-

ferment, or does it prevent its activity ?

Does the addition of fibrin-ferment to defibrinated blood cause

it to clot ?

How may defibrinated blood be caused to clot ?

If the coagulation of blood be prevented by rapidly cooling it
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to 0° C, and keeping it at this temperature until most of the cells

have settled, and if the upper and lower layers of plasma be sep-

arated and warmed, which will coagulate first ?

By what different methods may fibrinogen be removed from the

blood, without at the same time removing the other proteids ?

AVhat effect has the addition of defibrinated blood on a solution

of pure fibrinogen ?

AVhat is the effect of introducing a foreign body into the blood-

vessels ?

Why does the dilution of salted blood cause it to clot ?

Why does packing a wound with gauze hasten clotting ?

How may we determine whether a given reaction is caused by
an enzyme ?

Is lymph a product of the lymphatic glands ?

What is the difference between lymph and serum ?

What are the imjjortant constituents of lymph ? •

AVliy does serum remain liquid at 0° C. ?

How may the osmotic pressure of plasma be reduced ?

Why should distilled water not be injected into the blood-ves-

sels?

Why does an organ that is removed from the body quickly lose

its irritability?

The osmotic pressure of the plasma is due chiefly to the inor-

ganic salts which are present in small quantity. Why, then, are

tlie proteids of greater importance in relation to the exchange of

water between the plasma and lymph ?

Does a Ifo solution of maltose or a 1% solution of dextrose

possess the higher osmotic pressure ? Why ?



CHAPTER II.

THE QRCULATION OF THE BLOOD.

The Heart.—The blood is inclosed in a system of

elastic tubes, the blood-vessels, a portion of which has

been developed into a muscular pump, the heart, which

possesses the power of rhythmic contraction and relaxa-

tion. As the heart relaxes, blood flows into it from the

veins ; as it contracts, blood is forced out into the arteries.

The direction in which the blood flows through the heart

is determined by the valves, which open toward the

arteries only. The heart is divided into two halves, the

right heart and the left ; shortly after birth an opening

which connects the cavities of the two hearts closes,

leaving them with no communication. Each half pos-

sesses two chambers, an auricle and a ventricle ; the

muscular wall of the ventricle being much thicker, in

each case, than that of the auricle, and the wall of the

left ventricle much thicker than that of the right. This

arrangement corresponds with the amount of work done

by the walls of the different chambers. The blood

pumped out by the right ventricle enters the pulmonary

artery, and is distributed through its branches to the

capillaries of the lungs, where it is arterialized ; thence

it flows through the pulmonary veins to the left heart,

by which it is forced out into the aorta. The elastic

wall of the aorta, always in a state of distention, forces

the blood onward through the smaller arteries, through

the capillaries, and through the veins, back to the right

35
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heart. The distention of the aorta is due to the fact

that it requires more force to quicken the flow of blood

through the small arterioles and capillaries than it does

to stretch the aorta and larger arteries. Thus the elas-

ticity of the aorta and larger arteries lessens the work
which is required of the heart.

Between the right auricle and ventricle is placed the

tricuspid valve ; between the right ventricle and pul-

monary artery, and at the root of the latter, is the pul-

monary set of semilunar valves. The mitral valve is

set between the left auricle and ventricle, while the

aortic set of semilunar valves, at the root of the aorta,

separates this vessel from the left ventricle.

The Heart Cycle.—The cardiac beat is initiated by a

contraction of the muscular fibers in the walls of the large

veins close to the auricles. The contraction spreads to,

and sweeps over, the auricular musculature, driving the

contents of the auricles into the ventricles, and constitut-

ing the auricular systole. This merely completes the fill-

ing of the ventricle, in which, previous to tlie systole of

the auricle, blood has accumulated by inflow, through

the latter, from the veins. The auricular systole lasts

but 0.1 of a second, and is followed by the systole of

the ventricles. Were it not for the auricles, the flow

of l)lood from the veins into the heart would be checked

during the ventricular systole ; as it is, the auricles not

only assist in the filling of the ventricles, but constitute

a time-saving reservoir wliich is of special value when
the heart rhythm is rapid.

As the ventricles fill, the free edges of the auriculo-

ventricular valves are carried upward and approach

one another, tlieir complete closure being effected by
the rise of pressure within the ventricles, at the begin-

ning of ventricular systole. The intraventricular

pressure rises rapidly as the systole proceeds, the back-
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flow of blood into the auricles being prevented by the

tricuspid and mitral valves, which arc held in place by

their tendinous cords ; while the outflow into the

arteries is, for the moment, prevented by the semilunar

valves, wliich are kept closed by the higher pressures

in the pulmonary artery and aorta. As soon, however,

as the pressure within the ventricle rises, in the one

case, higher than that in the pulmonary artery, in the

other, above that in the aorta, the semilunar valves

must open as the blood is ejected by the ventricles into

the arteries. The ventricles probably never completely

empty themselves, and they are far from doing so when
the heart is beating slowly. Then follows the ventri-

cular diastole, or period of relaxation and rest, at the

beginning of which the pressure within the ventricle

falls below that in the aorta, the semilunar valves

being closed in consequence. A short interval elapses

before the intraventricular pressure falls below that

within the auricle, and until this point is reached the

auriculo-ventricular valves must, of course, remain

closed. The whole series of events just described

occurs simultaneously in the right and left hearts, and

constitutes a heart cycle. When the heart beats with

average frequency,—that is, seventy-two times a min-

ute,—each cycle lasts about 0.8 of a second, and may
be tabulated as in Table 2 (p. 38).

It will be noticed that while the auricular systole

lasts 0.1 of a second, and the diastole 0.7, the systole

of the ventricle occupies 0.3, and its diastole 0.5 of a

second, the ventricular cycle beginning 0.1 of a second

later than that of the auricle, and lasting to the end of

the first tenth of a second in the succeeding auricular

cycle. When the frequency of the heart-beat is in-

creased, each cycle is, of course, shortened, this reduc-

tion being accomplished, for the most part, at the
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expense of the diastole, the systole of the ventricle

lastino- almost as lona: as usual.

The behavior of the valves depends upon the rela-

tive height of the pressure on either side of them ; the

auriciilo-ventricular valves, for instance, remain closed

as long as the pressure within the ventricle is higher

than that in the auricle ; when the pressure within the

auricle rises above that in the ventricle, they open, and

remain so until the intraventricular pressure again

predominates. In the same way, the semilunar valves

are kept closed by an arterial pressure that is greater

than the intraventricular pressure, and give way when
the ventricular rises above the arterial. It will be

noticed that both sets of valves are, for two short

periods, closed at the same time.

The rate at which the heart beats is governed by the

central nervous system, which, in this respect, exerts

its control chiefly over the auricles, the auricular rhythm
setting the pace for the ventricles. The auricular stimu-

lus is probably transmitted, not by nerve-fibers, but by

the contraction of a few muscle-fibers connecting the

auricles with the ventricles. If the auricles are caused

to stop beating by the stimulation of the pneumogastric

nerve, the ventricles, after a brief pause, begin to beat

with a much slower rhythm of their own.

Althouo;h the central nervous svstem controls the

heart-beat, it is by no means essential to its continuance,

as may be shown by removing the heart from the body,

when, if properly supplied with oxygenated blood, it

may go on beating for hours. The cardiac muscle

itself seems to possess an inherent power of rhythmic

contraction, for even small isolated pieces of the ven-

tricle which appear to contain no nerve-cells will beat

rhythmically if supplied with arterial blood.

Heart Sounds.—If the ear be placed against the
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chest-wall, two sounds are heard each time the heart

beats. The first accompanies the ventricular systole, and
is more prolonged than the second, Avliich is diastolic (see

Table 2). The first sound, which seems to be compound,
is probably produced in part by the contraction of the

ventricle, and in part by the vibration of the auriculo-

ventricular valves on closure. Each ventricle takes part

in the production of the first sound. Disease of

either of the auriculo-ventricular valves produces a

change in the valvular element of the sound, which, in

the case of mitral abnormality, is best apj^reciated by
placing the ear, or stethoscope, over the fifth left inter-

costal space, at the point where the apex-beat of the left

ventricle may be seen or felt ; evidence of tricuspid

error being best heard just to the right of the sternum,

at about the same level.

The second sound occurs at the beginning of the ven-
tricular diastole, and is due to the vibration of the

semilunar valves at, or just after, their closure. The
aortic sound is most clearly heard at the point where
the second right costal cartilage joins the sternum

;

while the closure of the pulmonary semilunar valve is

most distinct over the second left intercostal space, close

to the sternum. It is, however, impossible to distin-

guish between the normal aortic and pulmonary sounds,

though an abnormality in one set may be located in this

way.

If the rate at w^hich the blood flow^s through vessels

of different size be compared, it will be seen that the

larger the vessel, the greater the speed. In the aorta

the blood flows most rapidly, for the sectional area of

this vessel is smaller than the united sectional area of

its branches, consequently the blood, having less room,

must flow more quickly. The rate of flow is inversely

proportional to the width of bed. The united sectional
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area of the systemic ca})illaries has been estimated to be

as much as 800 times that of the aorta ; in this dis-

trict, then, the stream is shiggish. As the blood flows

from the capiHaries into the small veins, the width of

bed decreases, and the stream quickens ; in large veins

the rate will approach, but never equal, that in the

aorta. The velocity of the circulation, as a whole, of

course increases or decreases with a change in the rate

and strength of the heart-beat.

Blood Pressure.—The blood as it flows through the

vessels is under constant pressure. This pressure is the

product of the propelling force exerted by the heart, and

the resistance offered to the flow by hydraulic friction.

During the diastole of the ventricle, the flow is kept up

by the elastic and overfilled aorta and larger arteries.

As liquid flows through a tube, friction exists between

its particles ; and the nearer the wall of the tube, the

greater the friction ; therefore, if we compare the flow

of liquid through a large tube with its flow through a

number of small tubes, the united sectional area of

which is equal to the sectional area of the large tube,

we shall find that it meets with much more resistance

in the small ones ; for a much larger proportion of the

liquid will flow in the neighborhood of the tube-wall,

and the friction w^ill be greater. The blood, then, will

meet with most resistance on passing through the innu-

merable arterioles and capillaries, into which the larger

arteries divide ; this is usually spoken of as the per=

ipheral resistance. The overcoming of this periph-

eral resistance uses up most of the heart force, and, by

the time the blood reaches the veins, it flows under but

little pressure, which, however, suflices to carry it as far

as the right heart. The fiill in pressure is continuous

from the beginning of the aorta to the ending of the

veins, for friction comes into play along the whole route.
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tliough in the larger vessels it is but slight. In the

arteries the fall is a gradual one^ but it becomes abrupt
in the arteriole and capillary district, while in the veins

the pressure again decreases slowly.

The blood pressure is variable, especially that in the

arteries. As there are two factors in the production of
the blood pressure, so there are two main causes con-
cerned in bringing about its variation ; namely, (a) a

change in the propelling force, the heart-beat, and (b)

a change in the perij^heral resistance. A third cause

consists in an alteration of the capacity of the vessels,

more especially of the large veins. An increase in the

rate and strength of the heart-beat naturally raises the

pressure in the arteries and capillaries, and since the

heart transfers blood from the veins into the arteries,

the pressure in the large veins must under these cir-

cumstances be loAvered. When the activity of the heart

is depressed, the resulting changes in blood pressure are

the opposite of those just enumerated. While elastic

tissue is a characteristic feature in the Avails of the large

arteries, in the arterioles muscular tissue predominates,
and gives to these small vessels the important property
of varying their caliber. With a change in their size,

the resistance which they offer to the blood flow also

varies ; a wide-S])read constriction of the arterioles re-

sulting in a marked rise in arterial pressure, while a

great fall accompanies their general relaxation, for the

blood, under these circumstances, flows more readily

from the arteries into the capillaries. The highest

possible arterial pressure is attained by a general con-
striction of the arterioles, accompanied by a strong and
rapid lieart-beat. A very low ])ressure will result from
a general dilatation of the arterioles and a slow, weak
heart-beat ; if at the same time the walls of the large

veins and of the branches of the portal vein relax, the
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blood will tend to stagnate in these veins, and, since

little blood will reach the heart, but little can be

pumped into the arteries, in which the pressure will

fall to a dangerous extent.

Nervous Control.—The heart is controlled by the

central nervous system, through two sets of nerves ; one

set, arising from the Cardio-inhibitory Center, lessens its

activity ; the other, carrying impulses from the Accelera-

tor or Augmentor Center, quickens and strengthens the

beat. The cardio-inhibitory nerve-fibers reach the heart

through the pneumogastric, and probably exert their in-

fluence over the heart muscle, not directly, but through

the mediation of nerve-cells which are situated in the

wall of the organ. On division of both pnenmogastric

nerves, in the neck, the heart beats more rapidly, for

the controlling influence of the center is thus cut off.

If the end of the peripheral portion of one of these

divided nerves be stimulated with electric shocks, the

heart-beat will become slow, or, if the current be strong,

will stop for a short time. The auricles may, in this

way, be prevented from beating for an hour or more if

the stimulation be kept up ; but the ventricles, after a

short pause, begin to beat at a slower rate than before.

The diastole is very much prolonged, and, of course,

gives time for the accumulation within the heart of

more blood than usual between beats ; the ventricle thus

dilated fails to empty itself ; indeed, to such.an extent

is this the case that a slowly beating heart may, at the

end of its systole, contain more blood than it usually

contains at the beginning of the contraction. This

residual blood will, in the succeeding diastole, retard

the inflow from the veins, and, in consequence, less

blood will enter the heart in a given time, and the pres-

sure in the large veins will rise. Since less blood enters

the heart in a given time, less will be pumped out into
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the arteries, and the arterial pressure falls. Although

the output of the ventricle is decreased, the contraction

volume—that is, the amount forced out by a single con-

traction—is increased. To repeat, then, a slow heart-

beat results in a dilatation of the ventricle and a rise

of venous pressure, a lessened output, and a fall of

arterial pressure.

The cardio=inhibitory center is situated in the spinal

bulb, and is bilateral. It is continually active, and this

tone may be increased or decreased in a variety of

ways ; for instance, a rise of arterial pressure increases

its activity, the importance of this fact being apparent,

for any abnormal rise of pressure will tend to bring

about its own fall by lessening the output of the heart,

through stimulation of this center. The center is not

only affected by tlie pressure at which the blood flows

through the neighboring vessels, but it is also sensitive

to its chemical composition ; if the blood becomes

unusually venous, the center is stimulated. A reflex

slowing of the heart may be caused by the stimulation

of various sensory nerves ; for instance, the nasal

branch of the trifacial, as on the inhalation of chloro-

form or ammonia vapor into the nostrils. A reflex

event is one which is produced by the passage of

an afferent nerve-impulse from the periphery to a

center, the center responding by the dispatch of an

efferent (outward) impidse which brings about the event,

be it the contraction of a muscle, secretion by a gland,

or inhibition of the heart. A reflex slowing of the

heart is readily caused by stimulating the afferent

nerve-fibers of the pneumogastric ; tliese fibers normally

carry aflFerent imj^ulses from the lungs, heart, liver,

stomach, etc., to the spinal bulb, but not all of them
necessarily reach the cardio-inhibitory center. During
expiration the heart beats slowly, owing to afferent
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impulses from the lungs, which, on reaching the bulb,

aifect the center either directly or through the interven-

tion of the respiratory center. It may also be inhibited

by afferent nerve impulses, as, for instance, through

the glossopharyngeal uerve during swallowing ; this

may, however, be another case of irradiation from the

respiratory center. An inhibition of the cardio-inhib-

itory center of course allows the heart to beat more rap-

idly. The quickening of the heart-beat which follows

the administration of atropin depends upon a partial or

complete paralysis of the endings of the inhibitory

fibers in the heart. The center is also under the influ-

ence of the emotions.

The cardio=augnientor center is probably also situ-

ated in the spinal bulb ; the nerve-fibers arising from
it descend the spinal cord as far as the upper end of

the thoracic region, where they probably end, but make
physiologic connection in the gray matter with nerve-

cells whose fibers pass out through the upper thoracic

ventral nerve-roots ; in the dog, through the second

and third. They join the sympathetic chain, and
probably end in the ganglion stellatum, where a second

cell station intervenes, the fibers originating from the

ganglion cells passing to the heart muscles. This last

set of nerve-fibers come under the head of what are

known as post=ganglionic fibers of the sympathetic

system, in contradistinction to the fibers of the second

set mentioned, the pre=gangIionic sympathetic fibers,

which, originating from cells situated in the gray matter

of the spinal cord, end in sympathetic ganglia. The
nervous chain which connects the spinal cord with in-

voluntary tissue, such as plain muscle, cardiac muscle,

and glandular epithelium, usually, if not always, con-

sists of two links—pre-ganglionic and post-ganglionic

nerve-fibers. If the augmentor center possesses tone,
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—that is, is continuously active,—as seems probable,

its influence over the heart-beat is not so marked as

that of the inhibitory center. The stimulation of the

augmentor nerves increases the strength of both the

auricular and the ventricular contraction, the output of

the venticle is increased, the venous pressure is lowered,

and the arterial pressure raised. During muscular

exercise the augmentor center is stimulated by the

chemical waste products of muscular metabolism, which
proceeds more rapidly during activity than during

rest. A rise of body-temperature also directly stimu-

lates the center. A reflex quickening of the heart

may be provoked by the stimulation of almost any
nerve-trunk, but is usually followed by slowing, owing
to the simultaneous or subsequent stimulation of the

inhibitory center through the same channel. As is

well known, the heart-beat may be quickened by the

emotions.

Nervous control is not the only cause of variation

in the strength of the heart-beat ; the quantity and
quality of the coronary blood supply also exert an in-

fluence. The effect of an alteration in the amount of

blood supplied to the heart is much more marked in

regard to strength than frequency. The ventricle beats

more strongly when its coronary blood supply is in-

creased. A high arterial blood pressure is favorable

to a strong heart-beat, unless the ventricle becomes
dilated in consequence, in which case the coronary cir-

culation is retarded. A moderately high pressure also

increases the forc^e of the heart-beat, owing to the fact

that muscles work to better advantage against a certain

amount of resistance. The quality of the blood is im-

portant, especially in regard to the amount of oxygen
contained.

The variation of the peripheral resistance is also
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under the control of the central nervous system. There
exists in the spinal bulb a center, known as the vaso=

constrictor center, which exerts an influence over the

muscular walls of the vessels, most evident in the case

of the arterioles. As in the case of the cardio-inhibi-

tory center, the activity of this center is continuous,

and its tone is variable. Like the inhibitory center,

it acts as a regulatory mechanism whereby the

blood pressure is kept fairly constant. If the arte-

rial pressure falls, this center becomes more active, and
brings about a constriction of the arterioles, thus rais-

ing the peripheral resistance, and with it the arterial

blood pressure. It is also stimulated by a venous con-

dition of the blood, the arterial pressure rising to a

great height during dyspnea, in spite of the simulta-

neous inhibition of the heart. Its activity is reduced

by certain drugs, such as chloroform, ether, alcohol,

etc. It may be indirectly stimulated through almost

any afferent nerve ; for instance, the application of cold

to the skin, by stimulating the cutaneous nerves, and
thus indirectly influencing the constrictor center, brings

about a reflex paling of the skin. On the other hand,

the application of warmth causes a reflex dilatation of

the cutaneous vessels, by inhibiting the constrictor

center. One afferent nerve which transmits impulses

from the heart to the spinal bulb, and is known as the

depressor nerve, is of special importance through its

relation to this center, and consequent influence on the

regulation of the blood pressure. When the arterial

pressure rises unduly, the intracardiac pressure must
also rise, and in so doing stimulates the endings of the

depressor nerve
;
this results in the passage through

the nerve of impulses which, on reaching the bulb,

inhibit the constrictor center. The activity of the

center being reduced, the arterioles are allowed to
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dilate, the peripheral resistance is lessened, and the

arterial pressure falls. The depressor nerve thus

serves as a safeguard against any undue rise of arterial

pressure, and affords the heart protection against over-

work. As in the case of the centers which regulate

the heart-beat, this center also may be influenced by
the emotions ; for example, blushing is due to its inhi-

bition by nerve impulses descending from the brain.

The control exercised over the vessels by the con-

strictor center is specialized, for although it maintains

a general vascular tone, it does not, as a rule, cause

marked contraction of all the arterioles at the same

time ; if the vessels of the skin be unusually constricted,

those of the viscera are allowed to dilate, and vige

versa. This arrangement insures a more even blood

pressure than would otherwise exist.

The course of the constrictor nerve=fibers resem-

bles, to a certain extent, that followed by the cardio-

augmentors. The nerve-fibers originating in the center

pass down the spinal cord, to end in the gray matter

at different levels of the thoracic and upper lumbar

regions. The ends of the fibers make physiologic con-

nection with nerve-cells whose axons, usually of small

caliber, pass out through the anterior spinal nerve-roots

to enter the sympathetic system as pre-ganglionic fibers.

They end in one or other of the sympathetic ganglia in

contact relations with cells whose axons, post-ganglionic

fibers, usually nonmedullated, are distributed to the

arterioles in almost every part of the body. The post-

ganglionic fibers which innervate the vessels of the

skin reach their destination by passing through a gray

ramus communicans to the spinal nerve supplying the

cutaneous area in question (Fig. 4.) ; those for the

visceral arterioles do not reenter a s])inal nerve, but

reach the viscera through the sympathetic (Fig. 5).
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The pre-gcinglionio libers for the head pass up the

cervical sympathetic and end in the superior cervical

sympathetic ganglion (Fig. 4).

Since all the vasoconstrictor fibers orio-inatintr from
the center pass down the spinal cord to the thoracic

region, division of the cord in the cervical region must
be followed by a great fall of blood pressure, for all

the vessels in the body dilate ; if, however, the animal

be kept alive, the vascular tone will, after a time,

gradually reappear, depending apparently on an

increased irritability of the spinal cord, the cells from
which the pre-g-anglionic fibers originate acting as

vicarious constrictor centers. If^ now, the thoracic

cord is destroyed, the vascular tone again disappears

for a time, but is partly reestablished either through
the influence of the sympathetic ganglion cells from
which the post-ganglionic fibers spring, or owing to the

independent contraction of the muscular wall of the

vessels.

Some veins have been shown to possess a supply of

vasoconstrictor nerves ; for example, the portal veins.

Since the administration of chloroform or ether tends

to paralyze the vasomotor center, it is very important

that an anesthetized patient be kept in a horizontal po-

sition, for, otherwise, the blood will accumulate in the

relaxed abdominal veins, and will, by force of gravity,

be prevented from reaching the heart.

Scattered through the different regions of the spinal

cord and bulb are vasodilator nerve=centers, whose
cells give off axons whicli, for the most part, follow the

same course as the pre-ganglionic vasoconstrictors ; no
chief vasodilator center has been proved to exist in the

bulb. The existence of vasodilator fibers in a mixed
nerve-trunk may be demonstrated by special methods

of stimulation
; there are, however, some nerves whicli
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contain vasodilators unmixed with vasoconstrictors.

The chorda tynipani nerve is one of these, and trans-

mits to the sublingual and submaxillary glands vaso-

dilator fibers which leave the bulb in the seventh cranial

nerve. On stimulation of this nerve, the arterioles in

the glands dilate, and the blood flows through them
more rapidly than before. The pre-ganglionic fibers

of the chorda tympani end in contact with submaxillary

and sublingual ganglion cells, from which post-gangli-

on ic fibers are distributed to the arterioles. The post-

ganglionic vasoconstrictor fibers for the arterioles of

these glands come from the superior cervical sympa-
thetic ganglion by way of the carotid plexus.

During the activity of an organ its blood supply is

increased, the maximum supply being afforded by the

dilatation of its own arterioles, the constriction of the

arterioles in other parts of the body, and a strong and
rapid heart-beat.

The Pulse.—If the blood flow through an artery be
compared with that through a vein, a marked difference

will be observed ; the flow through the artery is remittent,

that through the vein is constant ; the artery pulsates, the

vein does not. The arterial pulse consists in a rhythmic

enlargement and subsequent shrinkage of the vessel

due to slight variations in arterial blood pressure. The
enlargement is caused by the sudden rise of pressure

which follows the ventricular systole. As the ventricle

forces out its contents the aortic pressure is raised ; this

rise is rapidly transmitted throughout the arterial

system, the vessel-wall of each succeeding ])ortion

expanding as it is reached by the wave of heightened

pressure. The slight delay in the transmission of the

pulse to the more distant arteries may be readily

a])preciated by sinndtaueously feeling the carotid, and
the radial pulse. Were the arteries rigid tubes, the



THE PULSE. 53

transmission of the pulse would be instantaneous ; and,

as it is, the higher the pressure already existing in the

arteries, the more rapidly the pulse travels ; for when
the pressure is high, the vessel-wall, already tightly

stretched, is less capable of further expansion than

when the pressure is low. When the pressure is high,

the pulse will, for the same reason, be small. A large

pulse occurs when the heart-beat is strong and the

pressure, owing to peripheral dilatation of the arte-

rioles, is comparatively low. The small pulse of high

pressure is hard, or incompressible ; that is, it will be

more difficult to flatten the artery with the finger than

when the pressure is low, a low pressure pulse being

soft and compressible. A small, hard pulse indicates

high blood pressure ; a large, soft pulse indicates low

pressure and strong heart-beat ; a small, soft pulse

indicates a weak heart-beat and low pressure.

The blood flows through the capillaries and veins in

a constant stream, the pulse having been extinguished

by the resistance oflered by the arterioles. As before

stated, it requires less force to stretch the elastic arteries

than to quicken the flow past the peripheral resistance,

consequently each time the ventricle contracts, the

quantity of blood ejected is for the moment accommo-
dated in the arteries. The heart-force thus transmitted

to and stored in the arterial wall is during diastole

again transferred to the blood stream, the arteries being

allowed the period of a whole heart cycle for emptying

into the capillaries the quantity of blood which they

receive during one systole. In case the arterioles of a

limited area be dilated, the general arterial pressure

remaining high, a pulse will appear in the small veins

of this area, and the blood entering the veins will be

arterial in color, for, owing to the quickening of the

blood stream, a smaller proportion of the oxyhemo-
globin will be reduced.
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If the form of the pulse=wave be recorded, it is found

to consist in the sudden rapid expansion of the vessel,

or sudden rise of pressure within the vessel, followed

by a more gradual decrease in size or fall of pressure,

the fall being slightly irregular owing to the occurrence

of minor pressure waves. These latter are more

prominent wdien the arterial tension is comparatively low

and the heart-beat strong. The most marked of these

secondary waves is known as the dicrotic wave ; it

originates in the aorta immediately after the closure of

the aortic valve, and is transmitted through the arteries

in the wake of the main pulse-wave. It is probably

caused by the closure of the valves.

The arterial blood pressure rises and falls slightly,as

a result of respiration. The reason for this is that

enlargement of the thorax tends, not only to cause the

inspiration of air, but also to aspirate blood into the

intrathoracic veins and heart ; wdiile on collapse of the

chest during expiration, the entrance of blood is less

favored, and during forcible expiration is retarded.

Consequently, the right heart receives and pumps

during inspiration more, and during expiration less,

blood into the pulmonary vessels. At the beginning

of inspiration there is a slight delay in the reception by

the left heart of the surplus blood, for the lungs on

inflation accommodate more blood than before, and

thus even reduce the amount reaching the left heart.

On the other liand, just at the beginning of expiration

the supply of blood to the left heart is still further

increased, for the excess of blood contained by the

inflated lungs, on their collapse, passes to the left heart.

The effect, then, of the respiratory movements of the

thorax is that the left heart also, after a slight delay,

receives and pumps more blood during inspiration, and

thus raises the arterial pressure ; while, during expira-
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tion, after a momentarily increased supply, it receives

and pumps less blood, and the arterial pressure falls.

Venous and Lymphatic Circulation.—The blood

in tlie veins flows under very low pressure, for most
of the heart-force has been used up in carrying it

past the peripheral resistance. Its flow, however, re-

ceives material assistance through the contraction of

the skeletal and visceral musculature, and through the

aspiration of the thorax. When a muscle contracts, it

compresses the veins in its neighborhood, and, since

they are provided with valves, helps to press the blood

onward toward the heart. Forcible expiration of course

retards the passage of blood into the thorax.

The continual filtration of lymph from the capillaries

into the lymph-spaces causes it to flow slowly from
these spaces into and through the lymphatic vessels, its

movement being hastened by the contraction of the

skeletal muscles, by peristalsis, and by thoracic aspira-

tion, as in the case of the venous blood.

QUESTIONS FOR CHAPTER II.

Wliat determines the moment at which a cardiac valve opens

and closes ?

Why are the auriculo-ventricular and semilunar valves never

open at the same time ?

Does blood enter or leave the ventricle in the interval between

the first and second heart-sonnds ?

Does blood enter or leave the ventricle in the interval between

the second and first sounds ?

If the auriculo-ventricular valves be insufficient, during what
period of the heart cycle will blood escajDC from the auricle into the

ventricle ?

If the aortic valve be insufficient, during what period of the

cycle will blood flow back from the aorta into the ventricle ?

Of what accompanying event should we make use in distin-

guishing the first from the second heart-sound ?
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If while the force which propels liquid through a tube remains

constant the resistance be varied, how is the expenditure of the pro-

pelling force modified ?

Why is the pressure in the aorta higher than that in the small

arteries ?

AMiich travels most rapidly, the pulse or the blood stream ?

When the pulse is large, what is the condition of the arterioles ?

When the heart is beating strongly, how can you determine the

extent of vascular tone ?

AMiat sort of pulse accompanies dyspnea ?

"WTiy should the dicrotism of the pulse be exaggerated when the

peripheral resistance is low ?

TMiat different circumstances tend to the production of a capil-

lary pulse ?

How does it happen that not only the auricle, but the ventricle

also, beats more slowly during increased activity of the inhibitory

center?

What is the result of inhibiting the cardio-inhibitory center ?

AMiy should division of both pneumogastric nerves lower the

pressure in the large veins ?

In what respect would the regulation of the blood pressure be

modified hj destruction of the cardio-inhibitory center ?

TMiy should compression of the aorta cause the heart to beat

more slowly ?

Through what two channels may one organ influence another ?

How is the blood-flow through the small vessels affected by loss

of arterial elasticity ?

WTiat importance do j^ou attach to the position of a patient dur-

ing chloroform or ether anesthesia ?

Compare the effects on blood pressure of the division of the spinal

cord in the cervical and in the lumbar regions.

How many neurones are concerned in the control exercised by

the constrictor center over a single arteriole ?

How can it be determined whether the control exercised by a

center is continuous?

How does bleeding modify vascular tone ?

How does indirect differ from direct stimulation of a center?

"WTiat conditions of the circulatory system may lead to fainting?

Of what importance is the intracapillary blood pressure ?
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If all the nerves of a limb have been divided, would it be pos-

sible, by Ciiusing the muscles of this limb to perform work, to in-

fluence the heart-beat ?

How does severe hemorrhage cause dilution of the blood?

How does a rise of arterial pressure tend to concentrate the

blood ?

How does the concentration of the blood tend toward a rise of

blood pressure ?

What nervous mechanism opposes these two tendencies ?

In what particulars is the existence of the vasoconstrictor center

a source of economy to the body ?

What different vascular conditions may lead to a paling of the

face?

^Iiat class of vessels is the seat of every important alteration in

the composition of the blood ?

In what organ is hTiipli most rapidly formed ?

In the absence of the vasoconstrictor center, how could the blood

supply of a given organ be modified according to its needs ?

In what respect would the regulation of the blood pressiure be

interfered with by division of both depressor nerves ?

Would the division of the cervical sympathetic nerve have any

effect on the color of the face ?

Would you class the vasodilators as vasomotor nerves ?

Is constant standing or walking the more productive of varicose

veins ?

How can we afford the greatest voluntary assistance to the en-

trance of venous blood into the heart ?

Why does putting a cold object, such as a key, down the back

tend to stop epistaxis ?

How are the lower limbs affected by compression of the iliac

veins?

How would you expect the size of the heart to vary during

dyspnea ?

^Tiat effect on intrathoracic pressure has the systole of the ven-

tricles ?

If the heart be emptied of blood and be caused to beat, which

of the heart-sounds will be heard ?

How do you know that the slow rate of blood-flow through the

capillary district is due to the width of bed and not to resistance ?



CHAPTER III.

RESPIRATION*

The function of the lungs consists in the exposure

of the blood to the air, whereby an exchange of gases

between the air and the blood is rendered possible.

This exposure is, however, totally ineffective, the lungs

valueless, unless their alveoli are constantly ventilated.

The ventilation of the lungs is accomplished by the

respiratory muscles, which by their contraction bring

about variation in the capacity of the thorax, and con-

sequently in that of the lungs. The inner surface of

the lung and the outer surface of the thorax are both

exposed to the atmospheric pressure ; the two are thus

held closely in contact with one another by a pressure

of fourteen pounds to the square inch, and every move-

ment of the chest-wall must be accompanied by a sim-

ilar expansion or diminution of the lung. An enlarge-

ment of the thorax will therefore, by increasing the

capacity of the lungs, lower the pressure within them,

and, if the glottis be open, lead to the entrance of air.

The muscles which may assist in the enlargement of

the thoracic cavity and lungs, and thus act as muscles of

inspiration, are the diaphragm, which on contraction

increases the vertical diameter of the chest, and the

scaleni, levatores costarum, serrati postici superiores,

external intercostals, and intercartilaginous portion of

the internal intercostals, which all take part in raising

the ribs, and thus increasing the lateral and antero-

58
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posterior diameters. These diameters of the chest are

increased by raising the ribs, owing to the obliquity of

tiie costovertebral hinge. Quiet expiration is accom-
plished, without the aid of muscular contraction, by the

elastic recoil of parts which are distorted during inspi-

ration, such as the costal cartilages, the abdominal wall,

and the lungs, and by the weight of the ribs, sternum,

thoracic muscles, etc. In forced expiration, the dia-

phragm is pushed upward by the abdominal viscera,

through the contraction of the abdominal muscles, while

the ribs are drawn downward by the contraction of the

triangulares sterni, interosseous portion of the internal

intercostals, etc.

Even when the inspiratory muscles are at rest, there

exists, between the layers of the pleurae, a negative
pressure ; that is, a pressure less than atmospheric pres-

sure. This is due to the fact that a certain amount of

the atmospheric pressure is consumed in holding the

lung in contact with the chest-wall, the remainder being

exerted, through the lung, against the inner surface of

the thorax and the outer surface of the heart and
vessels. The lungs are not large enough to fill the

thoracic cavity unless they are inflated, and their infla-

tion requires a small amount of force. If the inter-

pleural pressure be measured when the respiratoiy mus-
cles are quiescent, or after death, it will be found to be
about 754 mm. of mercury, or about 6 mm. Hg less

than atmospheric pressure ; a negative pressure, then, of

6 mm. Hg. At the end of a forcible inspiration the

interpleural pressure may fall as low as 730 mm. Hg,
for the lungs are further inflated and, of course, oifer

more resistance to the inflating force—the atmospheric

pressure. The interpleural pressure is always lower
than the intrapulmonary pressure, though during forci-

ble expiration it may rise above atmospheric pressure.
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If the chest-wall be pierced, so tliat air can enter the

interpleural space, the outer as well as the inner surface

of the lung being now exposed to the full atmospheric

pressure, the lung, owing to its own elasticity, will

promptly collapse. If both sides of the thorax be

perforated, respiration must cease, for, since the elasticity

of the lungs will resist the entrance of air, through

the trachea, into themselves, an enlargement of the chest

will only result in the entrance of air into the inter-

pleural spaces. The importance of the interpleural

negative pressure, in respect to the flow of blood through

the veins into the chest, has been already mentioned.

The outer surface of the heart and large intrathoracic

vessels is subjected, when the thorax is at rest, to,

a

pressure of only 754 mm. Hg, while the veins which

lie outside the chest are exposed to the full atmospheric

pressure—760 mm. Hg ; it is evident, then, that blood

will be forced from points where the veins are more, to

a point where they are less, compressed. Inspiration

will further this tendency ; expiration will lessen it,

and, if forcible, will prevent the entrance of blood.

There are two types of respiration : diaphragmatic,

in which the diaphragm is used more than the muscles

which raise the ribs ; and costal, in which -the thoracic

muscles are used more than the diaphragm. Men ordi-

narily breathe diaphragmatically ; women of civilized

races, costal ly ; during sleep, both men and women use

the costal type of respiration.

In quiet breathing the chest is neither expanded nor

contracted to the fidl extent possible, so that the venti-

lation of the lungs is not so complete as might be. The
amount of air ordinarily inspired and expired is about

500 c.c, and is known as the tidal air ; in addition to

this, an amount, which varies with the capacity of the

chest, and is called the complemental air, can be in-



EXTERNAL RESPIRATION. 61

spired, the average quantity being in the neigliborhood of

1500 CO. After the expiration of the tidal air, about

1500 e.c. more may be expelled, this volume being

known as the reserve, or supplemental air. These three

volumes taken together, and amounting to 3500 c.e.,

are called the respiratory, or vital, capacity. Not
all the air can be expelled from the lungs ; there

remains after the most forcible expiration about 800
c.c.—the residual air.

The division of the cavity of the lungs into innumer-
able small alveoli enormously increases the respiratory

surface, which is estimated as being 90 square meters.

On its way through the upper air-passages the tem-
perature of the inspired air is raised or lowered to that

of the body ; it is moistened, unless already saturated

with water ; and, to a certain extent, purified from par-

ticles of foreign matter which adhere to the moist

mucous membrane, and are carried toward the mouth
and nose by the movements of the cilia.

Respiration may be divided into external respiration,

the exchange of gases between the air and the blood

which occurs in the lungs ; and internal respiration, the

exchange of gases which takes place between the blood

and lymph and the tissues.

External Respiration.—Diffusion goes on rapidly

between the alveolar air and the tidal air that is

inspired, the latter losing oxygen to the extent of

about 41 volumes per cent., and gaining about 4
volumes per cent, of carbon dioxid. The ratio existing

betw^een the amount of oxygen whicli disappears,

and the volume of carbon dioxid which appears, is

known as the respiratory quotient ^'. The respira-

tory quotient indicates the extent to which the oxygen
absorbed is used in the oxidation of carbon ; tliis
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varies with circumstances—for example, with the

diet. On a purely carbohydrate diet the quotient will

approach unity, for sufficient oxygen is contained in the

carbohydrate molecule to oxidize its hydrogen ; on the

other hand, a fatty diet will reduce the quotient, for in

a molecule of, for instance, stearin, 0^11^(0^3113.02)3,

there are 110 atoms of hydrogen to but 6 of oxygen.

The quotient on a proteid diet is intermediate between

the two. During starvation the respiratory quotient

falls, since the animal lives on its own store of fat and

proteid, the amount of carbohydrate in the body being

very small. Exercise raises the quotient, owing to the

fact that muscular work is done for the most part at the

expense of carbohydrates. •

The exchange of gases which occurs between the air

in the pulmonary alveoli and the blood in the capillaries

of the lung is, perhaps, not to be wholly explained by
diifusion, some observers having found the tension of

oxygen to be greater in arterial blood than in the

alveoli of the lungs ; this is the opposite of what Ave

should expect as the result of simple diffusion. We
may, hoAvever, assume that diffusion is the main factor

in the exchange, which may perhaps be furthered by
some peculiarity of the alveolar membrane which

separates the air from the blood.

Blood plasma absorbs rather less oxygen than is

taken up by water ; blood, however, behaves very

diiferently, for on being shaken with air it may absorb

as much as 23 volumes per cent, of oxygen. That

this large quantity is not lield simply in solution is

shown by subjecting arterial blood to an atmosi)here in

which the partial pressure of oxygen is gradually

reduced ; under these circumstances, oxygen is slowly

given up })y tlie blood, as would be the case with water;

but when tlie partial pressure of oxygen has been
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reduced to about 25 mm. of mercury, if the blood be

at body-temperature, it begins to come oif very rapidly,

and the color of the blood changes from the arterial to

the venous hue. The oxygen is for the most part held

in loose chemical combination with hemoglobin, as

oxyhemoglobin. One gram of hemoglobin, at 0° C. and

760 mm. Hg pressure, unites with 1.3 c.c. oxygen ; it

is contained in blood to the extent of about 14^.
Arterial blood contains about 20 volumes per cent,

oxygen, 40 volumes per cent, carbon dioxid, and 1 to 2

volumes per cent, nitrogen. The proportion of gases

in venous blood is more variable ; it contams, as a rule,

10 volumes per cent, oxygen, 47 volumes per cent,

carbon dioxid, and 1 to "2 volumes per cent, nitrogen.

It will be noticed that only a small proportion of the

carbon dioxid is eliminated as the blood passes through

the lungs, and that only about half the oxygen disap-

pears from the arterial blood on its passage, from the

arterioles to the veins, through the systemic capillaries.

Internal Respiration.—The cells of the various

tissues prevent the accumulation of oxygen in the

lymph which surrounds them ; they display a great

avidity for oxygen and take it up as fast as it reaches

them, thus maintaining in the lymph a practical oxygen

vacuum. Consequently, a rapid diffusion of oxygen

must occur, through the capillary wall, from the plasma

to the lymph ; and as the partial pressure of oxygen

diminishes in the plasma, the oxyhemoglobin of the red

cells must, to a certain extent, be reduced. Oxygen will

pass from the blood-cells to the plasma, and from the

plasma into the lymph, thus reaching the tissue cells. The
individual capillaries are, however, so short that each red

cell remains in this district but a brief period, and time is

not given for the reduction of all its oxyhemoglobin ; still

more is this the case when the arterioles of an active
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organ are dilated, and the blood flows through its capil-

laries with increased celerity. Under these circum-

stances a larger number of red cells will pass through

each capillary in a given time, and though, in the

aggregate, more oxygen will be given up to the lymph,

each cell will part with a smaller quantity than usual,

and the blood reaching the veins will retain its arterial

color.

It is not to be supposed that the oxygen is, on reach-

ing the cells of the various tissues, immediately com-

bined with carbon to form carbon dioxid ; it seems

rather to be stored within the cell in some more com-

plex combination, which later on breaks down, with the

liberation of carbon dioxid. Muscle, for example, may
be caused to contract, and to perform a considerable

amount of work, in the absence of free oxygen, giv-

ing off meanwhile carbon dioxid, which can only have

originated by the break-down of some oxygen-contain-

ing substance, possibly of phosphocarnic acid, within

the muscle.

The carbon dioxid thus formed by the cells passes

into the lymph ; it accumulates here, and since the par-

tial pressure of carbon dioxid is higher in the lymph
than in the blood plasma, it diffuses from the former

into the latter. Only a small proportion of the carbon

dioxid carried in the venous blood is in simple solution,

a rather larger proportion is in firm chemical combina-

tion, and the majority in loose chemical combination in

the plasma ; a small quantity only is held in chemical

combination in the corpuscles. On reaching the lungs

the carbon dioxid diffuses from the blood, where its

partial pressure is high, into the air-spaces, where its

partial ])ressure is low ; as before stated, only about

one-fifth of the carbon dioxid contained in venous blood

is eliminated in this way. The setting free of carbon
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dioxid by the splitting-up of XallCO.^, in which com-
biiiatioii most of the CO^ of the plasma is lield, is

brought about by the action of substances, oxyhemo-
globin and globulins, which act as weak acids.

Nervous Control.—The respiratcny muscles are under

the control of the respiratory center, which is situated in

the spinal bulb ; in the neighborhood, therefore, of the im-

portant centers which govern the circulation. The respi-

ratory center is bilateral, but the two halves, connected by
commissural libers, act in unison. It is rhythmically
active, ordinarily at the rate of from fifteen to twenty res-

pirations per minute, the respiratory rhythm usually vary-

ing with the heart rhythm as one to four. This center is

exceedingly sensitive to nerve impulses which reach it

from the periphery or from the higher centers in the brain,

and to changes in the chemical composition of the blood.

The nerve-fibers emanating from the respiratory center

pass downward into the spinal cord without crossing the

median line, and end, in the gray matter of the cord, in

the neighborhood of the motor nerve-cells which, situ-

ated in the different regions of the cord, innervate the

respiratory muscles. The center also dispatches im-

pulses to the nuclei of some of the motor cranial nerves,

and thus governs accessory respiratory movements which
accompany inspiration, such as those of the vocal cords

and alfe nasi. xllthough each half of the center

controls the respiratory muscles situated on the same
side of the body as itself, the nervous impulses Avhich it

discharges may, under certain circumstances, after de-

scending the cord, cross over to the opposite side and
bring about the contraction of contralateral muscles.

Destruction of the center puts an end to respiration and
proves fatal. Division of the spinal cord just below the

origin of the phrenic nerve causes paralysis of the tho-

racic and abdominal muscles concerned in respiration.
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but the diaphragm, iunervated through the phrenic

nerve, remains active. Division of the cord above the

origin of the phrenic nerv^e proves as fatal as destruc-

tion of the respiratory center, though life may be sup-

ported for half an hour or so by the contractions of the

sternocleidomastoids, innervated through the spinal ac-

cessory nerve.

Of the various stimuli to which the center is respon-

sive, the condition of the blood is the most important.

A venous condition of the blood acts as a strong stimu-

lus to the respiratory center ; consequently, it is impos-

sible to voluntarily cease breathing for long at a time.

It is easy to inhibit the center and prevent its response

up to a certain point, but as the blood becomes more

and more venous, the stimulation of the center grows so

forcible that it overcomes our most strenuous efforts at

inhibition, and we begin to breathe in spite of ourselves.

Whether the venosity of the blood consist in lack of

oxygen or excess of carbon dioxid makes little differ-

ence ; the result is the same—namely, forced breathing,

or dyspnea. The center is also sensitive to changes in

the temperature of the blood, a rise increasing, a fall

lessening, its activity. As in the case of the cardio-

augmentor center, the waste products of active muscular

metabolism serve as a stimulus; exercise is accompanied

by an increased rate and depth of respiration. Almost

as important as the stimulus afforded by the lack of oxy-

gen or excess of carbon dioxid is the influence exerted

over the center by afferent nerve impulses. We may
assume that the respiratory center, deprived of all stim-

uli, would cease to act ; in other words, that it is not

spontaneously active.

The respiratory center may be stimulated through

almost any afferent nerve, those Avhich, in relation to

this center, are of most importance being the afferent
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nerves of the respiratory tract. Division of both vagi

results in a lessened frequency and increased depth of

respiration, owing to the absence of afferent impulses

which, in the normal course of events, arising in the

lungs and reaching the center through the vagi, in some

way quicken its activity. The pulmonary terminations

of these nerve-fibers seem to be stimulated either by the

inflation or by the collapse of the lung, or by both. If,

the vagi being intact, a sudden collapse of the lung be

caused, there results a contraction of the diaphragm ; if

the lungs be suddenly inflated, the result is a relaxation

of the diaphragm. One or other of these events is re-

flex
;
possibly both. Whether the impulses concerned

are inhibitory to the respiratory center or result in its

stimulation is uncertain.

Stimulation of the laryngeal nerves, more especially

of the superior laryngeal, causes cessation of inspiration,

followed, as a rule, by expiration. Coughing is caused

by stimulation of the superior laryngeal nerve,—as, for

instance, by the entrance of some foreign body into the

larynx,—and consists of a short inspiration and closure

of the glottis, followed by a forcible expiration which

tends to eject the foreign body. Coughing may also

result from irritation of the afferent fibers of the vagus

in the lungs, stomach, or liver. Sneezing closely re-

sembles coughing, save that part of the air is expelled

through the nose, and may be excited by stimulation of

the nasal branch of the fifth cranial nerve, or through

the effect of a bright light on the retina. The reflex

gasp which is excited by entering cold Avater is familiar

to all. During swallowing, respiration is stopped by
inhibition of the respiratory center through the glosso-

pharyngeal nerve, the pharyngeal terminations of which
are stimulated by the substance swallowed, thus affording

a mechanism which prevents the inhalation of food into
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the trachea. The center may also be inhibited on the

introduction of irritating gases into the nasal fossse, the

terminations of the fifth cranial nerve being thus

stimulated ; the same effect may be produced by the

inhalation of liquid. As is well known, the emotions

have a marked influence over the depth and rate of

respiration, and may cause its temporary arrest. The
respiratory center is also under the control of the will,

though it cannot be thus inhibited indefinitely.

When the proper arterialization of the blood is pre-

vented, hyperpnea, or increased depth and frequency of

respiration, ensues ; if this does not result in the access

of oxygen to the required extent, or in the renioval of

the surplus carbon dioxid, or both, there follows naore

exaggerated breathing, dyspnea, in which forcible

expiration predominates. If the struggle still proves

ineffectual, convulsions intervene, giving place to

exhaustion, a few long-drawn inspirations, and death.

Apnea, or temporary cessation of breathing, may be

induced by rapid artificial respiration ; this, in the

normal animal, is not due to overoxygenation of the

blood, for the blood will take up little more oxygen

than usual when pure oxygen is breathed, and the same

condition is produced if hydrogen be used for inflating

the lungs. It is caused by the effect produced on the

respiratory center through the afferent fibers of the

vagus, the pulmonary terminations of which are stimu-

lated by the rapidly repeated distention and collapse of

the lungs. If both vagi have previously been divided,

it is more difficult to induce apnea, and impossible by

the use of hydrogen ; in this case, it is probably due to

a better arterialization of the blood, which, after division

of the vagi, has become defective.



QUESTIONS. 69

QUESTIONS FOR CHAPTER III.

If a cannula which is connected with a mercury manometer be

thrust through the chest-wall without injuring the lung, in which

direction will the mercury move ?

Under what circumstances will the movement of the mercury be

greatest ?

Is the interpleural pressure ever positive ?

What force resists the expansion of th? thorax when the glottis

is closed ?

Does the elasticity of the lungs aid in, or oppose, inspiration ?

How is the color of the face affected by a fit of coughing, and

what is the mechanism concerned ?

Why is it impossible to voluntarily empty the lungs ?

What force causes air to enter the lungs during inspiration ?

Is it possible for a contraction of the diaphragm to cause expi-

ration ?

What would be the result of replacing the blood by serum ?

What causes a newly born animal to breathe ?

What causes the reduction of oxyhemoglobin in the systemic

capillaries ?

How is it that blood leaving an active organ may in color

resemble arterial blood ?

What are the direct and indirect effects of lack of oxygen ?

Does the blood undergo purification on its passage through the

heart?

Why is it dangerous to breathe coal-gas ?

Is the color of venous blood due to the presence of an excess of

carbon dioxid ?

The spectra of oxyhemoglobin and carbon monoxid hemoglobin

are very similar. How can these two substances be most readily

distinguished from each other ?

Which of the effects of destroying the .spinal bulb are immedi-

ately fatal

?

What is the effect of separating the two halves of the medulla

by a median incision ?

Explain the result of introducing a foreign body into the

larynx.
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How is this effect modified after division of the spinal cord at

the level of the seventh cervical nerves ?

Of what importance is the stimulation of the medullary centers

by the waste products of muscular activity ?

How does biting the lip stop sneezing ?

Why are the lungs less well protected after division of the glos-

sopharyngeal nerves ?

Why is it dangerous to divide the laryngeal nerves ?

Curari paralyzes the skeletal muscles. How does it cause

death ?

Why is paralysis of the expiratory less injurious than that of

the inspiratory muscles ?

Why is ventilation necessary ?

How does the contraction of the bronchial muscles affect respi-

ration ?

Why is the respiratory quotient of a herbivorous animal modi-

fied by starvation ?



CHAPTER lY.

digestion-

Digestion consists iu tlie physical and chemical al-

teration of food, the resulting products being, as a rule,

more easily absorbed, and in some cases more readily

assimilated, than the food-stuffs as they are originally

taken. In order that it may be absorbed, food must be

soluble, tliough it is possible, but highly improbable,

that fats form an exception to this rule.

Much of our food is taken in a form that requires

mechanical subdivision ; this is accomplished by the

teeth and tongue, and by the movements of the stomach.

The soluble portion of the food that happens to be taken

in solid form—for instance, cane-sugar—is readily dis-

solved in the saliva or gastric juice, but insoluble food-

stuffs must of necessity undergo some change in com=
position, and this is brought about by the various en-

zymes, or ferments, which are secreted by the glands of

the alimentary canal, or by bacteria which are constantly

present in the intestine.

Our food consists of a mixture of various substances,

the most important of whicli are proteids, albuminoids,

carbohydrates, fats, water, and inorganic salts. Pro-

teids are essential, though taken alone they form neither

a suitable nor economic diet. In discussing the diges-

tion of these food-stuffs it will be well to treat them
separately.

Digestion of Carbohydrates.—On introduction

of the food into the mouth it is subjected to the

71
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influence of the saliva, with which it is mixed by
movements of the tongue and lower jaw. Here begins

the solution of those food-stuffs which are soluble

in water. That part of digestion which consists of

chemical change also begins in the case of cooked

starch and the dextrins. Uncooked starch is insoluble
;

it exists in the form of granules covered with envelopes

of cellulose, which is also msoluble, and which, though it

belongs to the starch group of carbohydrates, is not at-

tacked by the enzymes of the alimentary canal ; it passes

unchanged through the mouth and stomach into the in-

testine, where a part of it is acted on by bacteria. The
cooking of starch breaks open the cellulose envelopes, and

the starch, rendered partly soluble, is set free. There is

contained in saliva an enzyme, ptyalin, which is manu-

factured by the salivary glands, and which is amylolytic ;

that is, it brings about the hydrolysis of starch. By this

ferment starch is converted into soluble starch or amylo-

dextrin. The soluble starch is further split up into dex-

trin and malt-sugar ; the dextrin thus formed also under-

goes hydrolysis, being converted into a simpler form of

dextrin and maltose. The final product is maltose, but

before the series of reactions ends there probably are a

number of different dextrins formed ; each one, in turn,

being split up with the formation of a simpler dextrin and

malt-sugar. The formula (CgH^^OJn is used to represent

each member of the starch group. Supposing, for the

sake of simplicity, that the true formula for soluble

starch is (Q.H,,0.)o,„ as has been stated, then the series

of changes which occur may be represented by the fol-

lowing equations :

(1) (C6H,o05)3o + H^O = (CeHio05)2s + CnH.Ai-
Sol. Starch Jjextrin Maltose

(2) (C6Hio05)28 + H2O = (CeHioO,)26 + C.^H^Ai-
Dextrin Dextrin Maltose
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(3) (QH,o05).,e + H^O = {C,-R,oO,\, + C,,H,Ai.
JJextliu Dextrin Maltose

and so on to the last of the series :

(15) {C,K,,0,), + H,0 = C,,U,,0,^.
L>extriu Maltose

According to some observers, another form of sugar,

isomaltose, appears during the hydrolysis of starch, but

is converted into maltose. We can distinguish two
varieties of dextrin by their behavior with iodin : ery-

throdextrin gives wdth iodin a red color reaction, which
disappears on heating and reappears on cooling ; achroo-

dextrin is so called because it gives no color reaction on
treatment with iodin. Starch gives a dark blue color

with iodin. Ptyalin is sensitive to a change in reac-

tion ; it acts best in neutral or slightly alkaline solu-

tion, and its action is prevented by the presence of a

trace of free mineral acid. The gastric juice contains

hvdi'ochloric acid, but at the beo^innino^ of digestion this

is combined with the proteids that enter the stomach,

and in this condition does not prevent the action of

ptyalin, though it reddens litmus. Saliva that is swal-

lowed and enters the stomach may, therefore, continue

to act upon starch and dextrins for half an hour or

more, after the beginning of a meal, until there is a

surplus of HCl which is uncombined with proteid

;

when this occurs, the action of pytalin must cease.

That portion of the starch and dextrins which is not

digested by saliva, either in the mouth or stomach,

passes into the intestine. The pancreatic juice contains

an enzyme, amylopsin, which closely resembles pytalin

in its action, and may be identical with it. Not only

does the amylopsin convert the dextrins and cooked
starch which may have escaped salivary digestion into

maltose, but it also brings about the same changes in



74 DIGESTION.

any raw starch that has been liberated from its cellulose

covering through the action of bacteria. Probably none

of the starch or dextrin ^vhich enters the intestine is

absorbed before undergoing digestion, for amylopsin

acts rajDidly and powerfully, but it is possible for both

these substances to be absorbed as such in the large in-

testine. So far, then, we have found that starch is con-

verted by digestion into maltose, a sugar which, although

capable of being absorbed, is of no value as such to the

organism ; if it enters the blood as maltose, it is ex-

creted by the kidneys. Yet it is very unusual to find

maltose in the urine, for the maltose which happens to

be absorbed by the epithelial cells which line the stom-

ach and intestines is converted, before it reaches tlie

blood, probably by the action of an enzyme contained

within the cells, into dextrose. This change also occurs

within the stomach under the influence of hydrochloric

acid, one molecule of maltose being, by hydrolysis, con-

verted into two molecules of dextrose. The succus en-

tericus, or intestinal juice, contains an enzyme, invertin,

which brings about the same change. Cane=sugar is

acted on by neither pytalin nor amylopsin ; like mal-

tose, it is of no value to the body until it has been di-

gested, though it may be absorbed. After eating very

large quantities of cane-sugar a very small amount may
be found in the urine, but the majority is hydrolyzed

before or during absorption ; the change occurs either

in the stomach through the action of hydrochloric acid,

in the intestines under the influence of invertin, or dur-

ing its passage through the epithelial cells. The nature

of the change is as follows :

Ci,H220„ + H,0 = CeH,,Oe + C,U,,0,.
Cane-sugar Dextrose Levulose

Both dextrose and levulose are assimilable ; that is,

they can be utilized by the bioplasm. Lactose, or milk-
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sugar, is another disaccharid which is acted on in the

same Avay in the intestine, but not in the stomach ; the

change is as follows :

Ci2H.>20n -f- H2O = CgHiaOg + CgHiaOg.
Milk-siigiu- Dextrose Galactose

Not all the dextrose which is taken with the food or

is formed during digestion reaches the blood ; a variable

quantity becomes the prey of bacteria. This may occur

in the mouth, if the sugar is retained between the teeth

;

in the stomach, during the period when there is no free

hydrochloric acid present ; or in the intestines, which

constantly contain bacteria. The main result of this

bacterial decomposition is the formation of lactic acid.

The lactic acid bacillus not only acts on sugar, but at-

tacks starch and the dextrins also, probably first con-

verting these into dextrose, and the dextrose into lactic

acid. The destruction of the enamel of the teeth is due

to the formation of lactic acid in this way. The lactic

acid may be partly converted into butyric acid by the

further action of bacteria. Another product of the de-

composition of carbohydrates by bacteria in the intestines

is alcohol, which is formed in small quantities only.

This is, of course, absorbed together with the lactic acid,

and oxidized in the system. The succus entericus, or

intestinal juice, which is secreted by the simple glands

of the intestinal mucous membrane, exerts a very feeble

diastatic action, slowly converting starch into sugar ; it

also inverts cane-sugar into dextrose and levulose ; con-

verts maltose into dextrose, and lactose into dextrose

and galactose. Much of the cellulose escapes bacterial

decomposition and appears in the feces. The starch and
dextrins which on introduction into the large intestine

may be absorbed without previous change are evidently

digested on their way through the epitheliiun, for they

do not appear in the blood.
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TABLE 3.—DIGESTION OF STARCH.

Cellulose

a,. b. raw cooked

T

a. b. c.

Marsh-gas, r .

etc. y

'

Lactic acid...

a. b. c. -ia-

Maltose J b. _^ , . , ,,
I ^^ (absorbed)

I
^- ~P^ Dextrose

Sol. starch

a. b.

Pextrins

a. b. t

,. , . ( a. ^(absorbed).
Maltose-^ J b.^Dextrose ...

Lactic acid, butvricacid, alcohol, etc. (absorbed)-

Y

i F'eces

Gastric epi-

thelium
Lymph and

blood

-^

-^
-^

Intestinal
epithelium

Lymph and
blood

-^Dextrose.,

^
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In Table 3 the double dotted line represents the pylo-

rus ; above these lines are shown the changes undergone
by starch and its products in the stomach, the change
beginning, however, in the mouth. Below these lines

are given the changes which occur in the intestines.

The different agenjcies through which these reactions are

effected are mentioned above, in the text.

Digestion of Proteids.—Proceeding to the digestion

of another group of food-stuffs, namely, the proteids, we
have to do with substances the majority of which are

more complex than even starch. Of their structural

formulae we liave no knowledge. As their name in-

dicates, they are the most important of the food-stuffs,

without a supply of which life cannot be supported

for any considerable time. Their chief characteristics

have been already mentioned.

Uncooked proteids and those which are not rendered

insoluble by heat may, if given in the solid form, be
dissolved in the saliva. Saliva, however, contains no
proteolytic enzyme ; it is incapable of bringing about
any chemical change in the proteids, whicli, conse-

quently, suffer no digestion before they reach the

stomach, though they may, if long retained within the

mouth,—for instance, between the teeth,—undergo bac-

terial decomposition. Although, like soluble starch,

the soluble native proteids may, to a certain extent, be
absorbed from the intestine Avithout first undero^oina:

digestion, the absorption of the products of proteid

digestion goes on much more rapidly ; coagulated pro-

teids are altogether incapable of being absorbed until

they have been converted into a soluble form. Our
knowledge of the changes which proteids undergo during
digestion is even less exact than in the case of carbo-

hydrates, but it seems highly probable that here, too, we
have a series of hydrolytic reactions, the original mole-
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cnle of native proteid being hydrated and split up into

simpler and more stable substances. In support of this

view it may be mentioned that the same products result

from the treatment of proteids with hydrolyzing agents,

such as boiling mineral acids or superheated steam.

On entering the stomach, proteids are subjected to

the influence of the gastric juice, the important constit-

uents of which are pepsin, hydrochloric acid 0.2 fo,

rennin, water, and inorganic salts.

The first recognizable step in the digestion of the

native proteids is their conversion into a form whidi,

unless first precipitated by neutralization, is uncoagu-

lable by heat. For example, egg-albumen is converted

by pepsin (the proteolytic enzyme of gastric juice)

and hydrochloric acid, or more slowly by the action

of hydrochloric acid alone, into an albuminate—acid

albumin. If a digestion which contains albuminate

be neutralized, a precipitate is formed which consists

of albuminate, and is called a neutralization precipi-

tate ; if an excess of alkali be added, the albuminate

redissolves, as an alkali albumin. Albumin that has

been coagulated by boiling is by pepsin and hydro-

chloric acid converted into soluble albuminate, but the

change is less rapid than in the case of soluble albumins.

All the native proteids may be acted on in this way.

As gastric digestion progresses, the albuminates are con-

verted into proteoses, and these into peptones. The

solu]>ility of the proteid increases as it passes from one

fi^rm to the next ; at the same time, its power of dif-

fusing through animal membranes increases. Native

proteids and albuminates are nondialyzable
;
proteoses

are very slightly dialyzable, peptones distinctly so,

though they pass through membranes much more slowly

than do the simpler crystalloids. This probably de-

pends upon the large size of the proteid molecule.
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Pepsin is incapable of cansing proteolysis in nentral

or alkaline solution ; it requires the presence of an acid,

hydrochloric acid being the most fav(n-able to its action.

It is quickly destroyed by alkalies, and acts less rapidly

when neutral salts, such as sodium chlorid, are present.

Peptones are the final products of gastric digestion,

but they may undergo further change on reaching the

intestines, where they are acted on by the pancreatic

juice. The pancreas secretes a proteolytic enzyme,

trypsin, the action of which is very similar to that of

pepsin. Unlike pepsin, it is destroyed by hydrochloric

acid, though weak organic acids do not prevent its action
;

it acts best in alkaline solution, the optimum degree of

alkalinity being that of 1 ^ sodium carbonate ; it may
act in neutral solution. It possesses the power of split-

ting a portion of the peptones into simpler bodies,

known as amido-acids, such as leucin, tyrosin, and as-

partic acid ; these are not proteids. Only half the

peptones formed by the gastric digestion of a given

quantity of proteid can be converted by trypsin into

amido-acids. Whether the peptones formed by the

action of pepsin are of two distinct varieties is uncer-

tain ; it has been supposed that albuminate is split into

two forms of albumose, called hemi-albumose and anti-

albumose, and that these are converted into different

forms of peptone ; in the one case hemipeptone, in the

other, antipeptone ; the final product of gastric diges-

tion being a mixture of these two peptones, called

amphopeptones. If amphopeptones be subjected to the

action of trypsin, the hemipeptone is converted into

amido-acids, leaving antipeptone unchanged. This

theory is known as the cleavage theory of proteid

digestion. Be this as it may, it is perfectly true

that more than one form of albumose appears when
pepsin acts on albuminate. Albuminate is split up
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into proto-albumose and hetero-albumose, but as

neither of these can be converted entirely into amido-

acids, neither can be called hemi-albumose ; neither en-

tirely resists conversion into amido-acids^ so neither can

be pure anti-albumose. Both proto-albumose and

hetero-albumose are changed by pepsin into deutero-

albumoses, which differ slightly from one another in

solubility ; these are converted into amphopeptones.

Trypsin converts proteids into peptones much more

rapidly than does pepsin^ and the intermediate products

seem to be less numerous, no proto-albumose and no

hetero-albumose having been found in artificial pancre-

atic digestions. The albumin is, as in gastric digestion,

changed to albuminate, this time alkali albumin ; the

albuminate is, in turn, changed to deutero-albumoses,

and the digestion of these last results in antipeptones

and amido-acids. Possibly the deutero-albumoses are

split directly into peptone and amido-acid moieties

;

this, at least, is the simplest way of expressing the re-

sult. Pancreatic juice obtained from a fasting animal

possesses no proteolytic power.

The native proteids, albumins, and globulins are all

digested by both pepsin and trypsin, and pass through

the same stages ; in the case of the globulins, the third

stage is that of globuiose. The globuloses may be

grouped Avith the albumoses under the head of pro-

teoses. The solubility of these different proteids is

given in Table 1.

With regard to the amount of amido-acids formed in

normal intestinal digestion, observers differ. Accord-

ing to some, very little leucin or tyrosin appears, the

proteoses and peptones being absorbed about as fast as

they are formed ; according to others, a considerable

percentage of the peptones is normally changed to

amido-acids.
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The succus entericus contains no proteolytic enzyme,

and, consequently, takes no part in the digestion of pro-

teids ; its enzymic action being confined to that which

it exercises on the disaccharids and starch.

There are present in the intestine bacteria which

cause the putrefaction of proteids : this occurs only to

a slight extent in the small intestine, but in the large to

a considerable degree. As long as carbohydrates are

present the action of bacteria seems to be exerted on

them only, the proteids being spared. The nature of

this bacterial decomposition of proteids is, in the early

stages, very similar to that resulting from the action of

pepsin and trypsin ; there are formed proteoses, pep-

tones, and tyrosiu. In addition, however, there appear

indol, skatol, phenol, and parakresol, the two latter

being formed from tyrosin ; hydrogen and hydrogen

sulphid are also set free. The indol, skatol, etc., are,

for the most part, excreted wdth the feces, and are an-

swerable for the fecal odor ; to a certain extent, how-

ever, they are absorbed, and carried in the portal blood

to the liver. These substances are poisonous if admin-

istered in any but small quantities. The amoimt

absorbed from the intestines is small, and exerts no

poisonous action, for, in the liver, a chemical union

between each of these substances and a sulphate is

brought about, the resulting compound—^for example,

potassium-phenyl-sulphate—being harmless ; these con=

jugated sulphates are excreted by the kidneys.

The pancreatic digestion of proteids seems to be

favored by the presence of bile ; at least, this is the

case when artificial pancreatic digestion is carried on

outside the body, 20 ^ more peptones being formed in

a given tune. Bile is a weak antiseptic, and probably

controls to a certain extent the gro^^1:h and activity

of the intestinal bacteria. It would appear that no
6
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ptomains are formed in the intestine, though bacteria

capable of forming them are present ; were they

formed, we might expect ptomain poisoning to follow

every proteid meal. Bacteria, of course, enter the

stomach, and, as has been stated, bring about lactic

acid fermentation ; as soon, however, as hydrochloric

acid, the proteids being saturated, appears in the free

state, the activity of bacteria ceases. The hydrochloric

acid of the gastric juice also affords a certain amount
of protection against pathogenic bacteria ; the cholera

bacillus is destroyed by it, but, unfortunately, this is

not the case with the tubercle bacillus.

The native proteids are not all digested with the

same ease ; animal proteids are, as a rule, more readily

digested than those found in vegetables. An indige^i=

ble residue has, nevertheless, a value, for without it

the peristaltic movements of the intestines are not so

vigorous, a milk diet often leading, for this reason, to

constipation. The cellulose of vegetables to a great

extent escapes digestion, and affords a mechanical

stimulus to the intestinal walls. Proteids which have

been coagulated by cooking are less readily digested

than when raw, as is markedly the case with egg-

albumen.

Our food contains considerable quantities of nucIeo=

proteid, and this during gastric or pancreatic digestion

is split up in the first place into proteid and nuclein.

The proteid moiety is digested in the ordinary manner
and converted into peptones, etc., but nuclein is almost

indigestible ; it escapes gastric digestion altogether, is

but little affected by the pancreatic juice, and is for the

most part excreted with the feces.

Nucleo=albumins differ from nucleoiDroteids in that

they are compounds of proteid with pseudonucleiu, the

latter yielding, on decomposition, no xanthin bases.
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The most familiar niicleo-albumin is caseinogen, the

chief nitrogenous constituent of milk. The curdling

of milk which occurs in the stomach is due to the

coagulation of this substance by the rennin of gastric

juice. The curdling of milk which occurs outside the

body is due to the precipitation of caseinogen by lactic

acid, formed by fermentation of milk-sugar ; the curd

thus formed differs chemically from that produced by
rennin. Rennin is an enzyme which acts in neutral,

slightly acid, and slightly alkaline solutions. Under
the intluence of rennin, caseinogen is split up, probably

through hydrolysis, into soluble casein, and whey pro-

teid which is also soluble. If soluble calcium salts be

present, the soluble casein unites with calcium to form

calcium caseate, which is insoluble and constitutes the

curd. The curd then contracts and expresses the whey,

but retains the fat within it. The whey proteid is

readily digested by either pepsin or trypsin, and is con-

verted into peptones. The first step in the digestion

of the insoluble casein, calcium caseate, or curd, consists

in splitting off proteid, the pseudonuclein remaining as

an insoluble precipitate. The proteid thus set free is

digested by pepsin and hydrochloric acid, and carried

through the proteose stage of caseose, to peptones.

Boiling milk renders it rather less readily digestible ; in

the case of cow's milk, however, this effect is somewhat
neutralized by the fact that in this condition it curdles

in small flocculi instead of in large masses, so that it is

more thoroughly exposed to the action of the gastric

juice. In this respect human milk behaves like boiled

cow's milk. The dilution of milk accomplishes the

same result.

A group of substances known as albuminoids, from
the fact that they possess many of the characteristics of

albumin, forms another important division of food-stuffs

;
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amongst them we find collagen and its hydrate gelatin,

elastin, keratin, chondrin, and ossein, the two latter

being impnre forms of collagen. They are for the most

part less readily digested than proteids ; keratin, for in-

stance, being altogether indigestible. Keratin is a horny

substance found in hair and nails, and in the horny layer

of the epidermis. Elastin may be slowly digested by
pepsin or trypsin, the resulting products being elastoses

resembling the proteoses. Collagen is found in white

fibrous connective tissue and in bone and cartilage ; it is

converted by boiling or by the action of the gastric juice

into gelatin. Gelatin is insoluble in cold water, but may
be readily dissolved in hot

;
prolonged boiling destroys

its power of gelatinizing on cooling. It is digested by
pepsin or trypsin, and converted into gelatoses and pep-

tones; these are, however, not true proteid peptones.

Although the percentage composition of gelatin very

closely resembles that of proteid, that there are impor-

tant differences between them is shown by the fact that

gelatin cannot altogether replace the proteids of our

food, though it can better do so than either fat or carbo-

hydrate. Gelatin cannot be built up into the proteid

of bioplasm, it is simply used by the cell as fuel ; it can-

not even be stored up as collagen, for the albuminoids

of the body are all formed from proteid.

We have seen that proteids, compound proteids, and

some of the albuminoids are during digestion converted

into proteoses and peptones, which may be absorbed
;
yet,

if introduced into the circulation, proteoses and peptones

act as poisons, producing a marked fall of arterial blood

pressure, and narcosis ; they also cause a temporary loss

of coagulability on the part of the blood. If commercial

peptones be injected into the blood-vessels of a dog to the

extent of -^-^-^-^ of its body-weight, the dose proves fatal.

Yet after every proteid meal these poisonous substances
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TABLE 4.—DIGESTION OF ALBUMINS AND GLOBULINS.
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are absorbed in quantity by the epithelial cells which
line the intestines. Peptones are^ however, not found
in the blood under ordinary circumstances, and if they

reach the blood, are at once excreted (provided the

blood pressure is not too much depressed) by the kid-

neys. It appears that the epithelial cells, having taken

up the peptones, reconvert them by synthesis into native

proteids, and discharge them in this condition into the

lymph, from which they pass into the blood-capillaries.

The work done by the digestive juices might, at first

sight, appear to be labor spent in vain, for the peptones

so formed must be reconverted into albumins or globulins

by the epithelial cells, and this entails the expenditure

of a large amount of energy ; further, it has been shawn
that soluble native proteids may be absorbed without

undergoing digestion. We must, however, remember
that peptones are more readily absorbed than undigested

proteids, and that coagulated proteids are incapable of
absorption until they have been rendered soluble by di-

gestion. Again, gelatin, egg-albumen, casein, and sev-

eral other forms of soluble proteids are nonassimilable,

and if injected directly into the circulation are excreted

by the kidneys. These substances must undergo some
change in constitution before they can be utilized as food

by the cells of the body. The epithelial cells which line

the intestines evidently possess the power of bringing

about this rearrangement of the molecule of egg-albumen,
provided it has not been rendered insoluble by cooking,

but it is possible that the change is more readily effected

after digestion has occurred ; it may be easier for the

epithelial cell to construct serum albumin out of egg-
albumen peptones than out of the native unchanged
egg-albumen.

The gastric digestion of proteids is, on the whole,

favored by the use of small quantities of alcohol. It is
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true that the presence of alcohol somewhat retards the

action of pepsin, but alcohol taken in small quantities is

rapidly absorbed from the stomach. It stimulates the

gastric glands to more rapid secretion of the gastric

juice, and in this way, at least in cases where the pro-

cess is less active than normal, hastens digestion.

Not all the proteid of the food is digested and ab-

sorbed; a variable amount, especially of the vegetable

proteid, is excreted with the feces.

Digestion of Fat.—Fats are digested neither in the

mouth nor in the stomach, but in the latter may, to a

small extent, undergo bacterial decomposition. In the

intestine they are emulsified. Fats which contain some
free fatty acid may be emulsified by the soap which is

formed by the union of this fatty acid with sodium, the

latter being derived from the sodium carbonate of the

pancreatic juice and bile. Neutral fats, which contain

no free fatty acid, are also emulsified in the intestine, but

not quite so readily, for in this case, before emulsification

can take place, some of the fat must be split up with the

liberation of fatty acid, which, with sodium, forms soap.

The splitting of the fat is caused by an enzyme of the

pancreatic juice, called steapsin, or ])ialyn. The change

produced is hydrolytic, one molecule of fat being hy-

drated and split up with the formation of one molecule

of glycerin and three molecules of fatty acid ; for

example :

C,Ii,{C,,ll,,0,)s + 3H,0 = C3H5(OH)3 + 3C,,H,,C0,1I.
stearin Glycerin Stearic Acid

It is probal)le that all the fat which is absorbed is

first split u]) in this Avay ; some of the fatty acid set free

is combined as soap, and by emulsifying the rest of the

fat, hastens its digestion, for in this way the fat is more
completely exposed to the action of the steapsin ; an-
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other portion is probably absorbed by the epithelium as

fatty acid. Fatty acids are insoluble in water, but in

the intestine they are held in solution by the presence

of bile salts, sodium glycocholate and sodium tauro-

cholate : the favorable influence exerted by bile on the

digestion of fat probably depends on this property.

Some of the fatty acid may be absorbed as soap. It

is highly improbable that fat is absorbed without under-

going digestion, as has been supposed. The fatty acid

which is absorbed is, by the epithelial cells, recombined

with glycerin to form fat ; the absorbed soap is combined
in the same way, the sodium being first split off and
united with some other acid radicle. Even if fatty acid

be administered in the absence of glycerin, it may be

converted into fat in the epithelial cells, which in this

case appear to manufacture the glycerin. In the absence

of bile, the absorption of fat is defective, much of it

undergoing bacterial decomposition into fatty acids in

the large intestine and being excreted in the feces.

TABLE 5.—DIGESTION OF FAT IN THE INTESTINE.
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the blood-capillaries, but passes through the lymphatic

vessels into the thoracic duct, and so reaches the subcla-

vian vein, where it is mixed with the blood. The solu-

ble constituents of the food, on the other hand, pass

from the lymph-spaces of the villi into the blood-capil-

laries, for the percentage of sugar and proteids in the

lymph which reaches the thoracic duct is very little in-

creased during absorption. Sugars and proteids may
be absorbed in the stomach to a certain extent, but in

the intestine conditions are much more favorable to ab-

sorption. Water is not absorbed from the stomach, but

passes on into the intestines ; it is absorbed most rapidly

in the ileum and large intestine.

Bile.—The chief constituents of bile, as secreted by
the liver, are water, bile salts, inorganic salts, pigments,

cholesterin, lecithin, and soaps. To these, as the bile

passes through the ducts, and during its stay within the

gall-bladder, is added mucin. The bile salts are sodium
glycocholate and sodium taurocholate ; in human bile

the former predominates. They are present in bile to

the extent of about 7.5 ^ . They are largely reabsorbed,

but in the intestine a portion of these salts may be
hydrolyzed through the action of bacteria, as follows :

Glycocholic Acid Cholic Acid Glycocol

CaeH^sOe + H^O = C,JI,,0, + C^H^NH^SO.OH
Taurocholic Acid Cholic Acid Taurin

The taurin, glycocol, and part of the cholic acid formed
are absorbed. The bile salts are useful in holding in

solution cholesterin and lecithin, and appear to be used
more than once, possibly over and over again. It has
already been mentioned that they exert an important
influence on the absorption of fat. The bile pigments,
bilirubin and biliverdin, originate from the hemoglobin,
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of broken-down red blood-cells ; they contain, however,

no iron, this being split oft' and retained in the liver,

where the bile pigments are formed. The iron so

retained may be used in the synthesis of new hemo-
globin. A certain amount of bile pigment seems to be

reabsorbed from the intestine, to be again excreted.

Most of the pigment is reduced by the action of the

free hydrogen in the intestine, or, through putrefaction,

to hydrobilirubin, some of which is absorbed and

eliminated by the kidneys ; in the urine it is called

urobilin.

Movements Concerned in Digestion.—Secretion

of the Digestive Juices.—Mastication is performed

by movements of the lower jaw, the muscles conceiT^d

being innervated through the inferior maxillary branch

of the fifth cranial nerve. The food is kept between

the teeth by movements of the tongue and contraction

of the muscles of the cheeks. The food is thus not

only ground up, but is mixed with the saliva. The
latter is secreted by three pairs of glands, the parotid,

submaxillary, and sublingual glands ; and to a smaller

extent by the glands of the oral mucous membrane.

The activity of the salivary glands is controlled by the

central nervous system, the salivary centers being

situated in tlie spinal bulb. Two sets of secretory

nerves, cranial and sympathetic, are distributed to each

gland. The cranial nerve-fibers (pre-gangliouic) which

innervate the parotid leave the bulb in the ninth cranial

nerve and probably end in the otic ganglion in contact

relations with nerve-cells whose axons (post-ganglionic)

reach the parotid through tlie auriculotemporal branch

of the trifacial. The cranial fibers which control the

submaxillary and sublingual glands emerge from the

bulb in the facial nerve, and, by Avay of the chorda

tympani, reach the submaxillary and sublingual ganglia.
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In these ganglia they end, and make physiologic con-

nection with cells whose post-gauglionic fibers are dis-

tributed to the gland-cells. Post-gangl ionic sympathetic

nerve-fibers from the superior cervical sympathetic

ganglion are supplied to each of these glands. The
cranial secretory fibers are accompanied by vasodilator

fibers ; the sympathetic, by vasoconstrictors.

Artificial stimulation of the chorda tympani produces

a result which differs widely from the effect of stimula-

ting the cervical sympathetic. In the former case, the

submaxillary gland secretes abundant watery saliva

;

in the latter case, the secretion is thick and scanty.

Stimulation of tlie chorda tympani of course increases

the blood supply of the gland, and thus renders a

copious secretion possible, but the variation of the

blood supply probably does not account altogether for

the difference in the two results. The normal secretion

of saliva is a reflex event. It is readily initiated by
stimulation of the terminations of the afferent nerves

of the oral mucous membrane by food or other sub-

stances placed in the mouth, weak acids forming a

particularly effective stimulus. Reflex secretion of

saliva is not brought about through the sympathetic

nerve-fibers, but only through the cranial fibers. The
salivary centers are not under the control of the wdll,

but by thinking of food we may cause the dispatch of

involuntary nerve impulses from the brain to the

salivary centers, and thus indirectly bring about a flow

of saliva. These centers may be not only excited

through the emotions, as by the sight or smell of food,

but they may also be inhibited, as by fear or nervous

worry. Reflex secretion of saliva may result from

stimulation of afferent nerves in parts of the body other

than the mouth ; irritation of the gastric mucous
membrane may cause it, a flow of saliva usually pre-
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ceding vomiting. Irritation of the uterus may also be

effective, the early stages of pregnancy often being

accompanied by profuse secretion of saliva. After

division of the chorda tympani there follows a slow

continuous secretion of saliva by the submaxillary

gland ; this is called paralytic secretion, and probably

results from a local stimulation of the group of nerve-

cells in the gland which form the submaxillary ganglion.

How the stimulus originates is unknown, and it may be

that the activity of the nerve-cells is increased by the

cessation of inhibitory impulses, which normally are

perhaps transmitted to them through the chorda

tympani. The administration of atropin causes dryness

of the mouth, by paralyzing the terminations of iihe

post-ganglionic fibers of the cranial nerve supply ; the

sympathetic fibers are not affected. Pilocarpin provokes

secretion, apparently by stimulating tlie terminations of

the same fibers.

The food, after being masticated and mixed with the

saliva, is swallowed. Only the first of the movements

which play a part in deglutition are voluntary. If the

mouth be empty of anything that could be swallowed,

including saliva, it is impossible to voluntarily provoke

all the swallowing movements. They are for the most

part purely reflex, and are excited through the afferent

nei'x^es of the soft palate, of the back of the tongue,

and of the fauces, which are stimulated by the contact

of food, or any other substance, with the mucous

membrane covering these parts. The first paii; of the

action, which may be accomplished voluntarily, con-

sists in the approximation of the tip of the tongue to

the hard palate, followed by a raising of the floor of

the mouth and tongue by the contraction of the mylo-

hyoid muscles. This forces the food back through the

fauces into the pharynx ; in the case of liquid no further
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muscular action is necessary to carry it as far as the

lower end of the esophagus ; nevertheless, the contrac-

tion of several muscles, in regular sequence, follows.

As the food enters the pharynx, it is prevented from

passing upward into the nasal pharynx by the contrac-

tion of the levatores palati and superior constrictors of

the pharynx, which occurs even before the food touches

the soft palate ; its entrance into the larynx is prevented

both by the contraction of the arytenoid muscle, which
pulls the posterior border of the opening of the larynx

forward, and by the thyrohyoid muscles, which raise

the larynx. At the same time the glottis is closed, and
the respiratory center inhibited through the glosso-

pharyngeal nerve. The downward passage of solid

food is furthered by the contraction of the constrictors

of the pharynx and the esophageal muscles ; these also

contract on the deglutition of liquid, though their

assistance seems to be unnecessary. If successive

mouthfuls of liquid be swallowed, the esophageal mus-
cles and cardiac sphincter are inhibited and remain lax.

The center (or centers) controlling deglutition is situated

in the spinal bulb ; the afferent nerves concerned in the

reflex are the fifth and ninth cranial nerves and the

superior laryngeal branch of the tenth ; the artificial

stimulation of this latter nerve may cause swallowing

movements when the pharynx is empty.

The entrance of food into the stomach is followed by
secretion of gastric juice, flushing of the mucous mem-
brane, and muscular movements of the stomach=wall.

These events may also be induced by the taking of food

into the mouth, or even bv the siorht of food. The
efferent nerve concerned in the reflex secretion of gastric

juice is the vagus, but after division of both vagi, secre-

tion still occurs on the introduction of food into the

stomach ; in this case it may be controlled by nerve-cells
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situated in the walls of the stomach itself. The effect

produced by the introduction of food varies considerably

with the nature of the food ; mere mechanical stimulation

causes but a scanty secretion^ while peptones are particu-

larly eflPective ; they perhaps stimulate the gland cells or

local nerve-cells after absorption. The vagus also con-

tains visceromotor nerve-fibers for the stomach ; the

sympathetic may supply a few motor fibers, but the

usual effect of stimulating this nerve is the inhibition of

gastric movements. After division of all the nerves re-

ceived by the stomach, and even after its removal from

the body, its contractions may continue in normal se-

quence ; this must be due either to the action of a local

nervous mechanism, or to the nature of the muscle

itself. The movements which occur on the introduction

of food are at first feeble, but increase in force as

digestion proceeds. The contractions of the pyloric end

are the more marked, and are peristaltic ; the contrac-

tions of the cardiac end, or fundus, being tonic. The
peristaltic movements of the pyloric end, or antrum,

serve to keep the food in motion, and to press the already

digested portion through the pylorus, which relaxes at

intervals. The vagus also transmits to the stomach in-

hibitory nerve-fibers ; it is perhaps through these that

its movements are lessened by disagreeable emotions.

The entrance of food into the stomach provokes not only

a reflex secretion of gastric juice, but of pancreatic juice

also, the efferent secretory nerve being in each case tlie

vagus. Therefore when the first portion of the chyme
passes into the duodenum, ]:)ancreatic juice will have

begun to accumulate here. The secretion of bile is also

hastened by the introduction of food into the stomach,

but this accumulates in the gall-bladder, and does not

enter the duodenum until a reflex contraction of the

gall-bladder is instituted by the stimulation of the duo-
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denal mucous membrane caused by the acid chyme.

The chyme then will be mixed with, and neutralized by,

the alkaline bile and pancreatic juice ; the pepsin will

be rapidly destroyed by the trypsin and sodium car-

bonate, and the partly digested proteids precipitated by
the bile salts. The secretion of pancreatic juice is not

entirely dependent on the central nervous system ; there

exist local ganglia which govern the activity of this

gland. The secretion of bile seems to be influenced

more or less by the absorbed products ofgastric digestion.

During starvation the intestines are pale and motionless,

but after the taking of food they become flushed with

blood and exhibit movements of two kinds, rhythmic
and peristaltic. The rhythmic or pendular movement
consists of a swaying of the intestinal loops occasioned

by the contraction of both the longitudinal and circular

coats of muscle, constriction being but little in evidence.

The wave of contraction passes over the intestines, from

above downward, from twenty to fifty times as rapidly

as the peristaltic contractions. The rhythmic move-
ments are of muscular, the peristaltic of nervous, origin.

As in the case of the stomach, the vagus supplies the

intestine with both motor and inhibitory nerve-fibers
;

the sympathetic supplies chiefly inhibitory fibers. These

nerves appear, however, to exert only a regulatory influ-

ence over the intestinal movements, for after the division

of all the extrinsic nerves, peristalsis may continue or be-

come exaggerated ; the nerve-cells of Auerbach's plexus

probably constitute a local mechanism by which peristalsis

is coordinated. The movement consists of a constriction

which travels from the duodenum downward at the rate

of about 1 mm. per second, and is preceded by a wave
of relaxation ; the latter, of course, increases the ease

with which the contents of the intestine are pressed

onward by the constriction following in its wake. If a
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local stimulus be applied to the mucous membrane of

the intestine, a constriction appears above the point

stimulated, while for some distance below, the muscles

are inhibited and relax.

The large intestine shows similar peristaltic move-
ments, wliich begin at the ileocecal valve, and are prop-

agated in the direction of the rectum, but do not reach

it. The feces accumulate in the sigmoid flexure. The
descending colon, rectum, and anus receive two sets of

nerve-fibers, one, coming through the sympathetic, from

the lumbar region of the cord (the pre-ganglionic fibers

ending in the inferior mesenteric ganglia), the other,

from the sacral portion of the cord through the nervi

erigentes, the pre-ganglionic fibers of this set ending in

small ganglia near the part innervated. The first set

are for the most part motor, the latter inhibitory.

Ordinarily the rectum is empty, and is only thro^Ti into

reflex peristalsis by the entrance of feces from above

;

defecation may be delayed by the contraction of the

internal and external sphincters of the anus, the former

consisting of involuntary, the latter of voluntary, mus-
cle. The filling of the rectum gives rise to a desire

to defecate, which may or may not be resisted ; if the

former, the contraction of the external sphincter is

voluntarily strengthened ; if the latter, the emptying of

the rectum is assisted by a contraction of the abdominal
muscles and inhibition of the external sphincter, the

internal s])hincter being at the same time reflexly inhib-

ited. If by injury to the spinal cord voluntary nerv^e

impulses are prevented from reaching the centers in the

lumbar region, defecation becomes purely reflex, and
may be carried on without the aid of the will. If the

lumbar portion of the cord be destroyed, the reflex

mechanism is jiut out of existence, and fecal inconti-

nence results.
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Vomiting is a reflex action which usually results

from irritation of the gastric mucous membrane^ and is

preceded by a feeling of nausea. It may also be

excited in a variety of other ways ; for instance, mechan-

ical irritation of the pharynx, intestinal obstruction,

irritation of the uterus, as in pregnancy, and through

the emotions. It is brought about mainly by strong

contractions of the diaphragm and abdominal muscles,

with simultaneous closure of the glottis. The stomach

is thus compressed and its contents ejected through the

esophagus, the cardiac sphincter being meantime relaxed.

The Avails of the stomach take some part in the expul-

sion of the food, but unassisted are ineifective. Vomit-

ing is controlled by a center situated in the medulla.

QUESTIONS FOR CHAPTER IV.

What foods actually require digestion before they can be ab-

sorbed ?

Does proteid undergo any preparation for absorption in the

month ?

If raw starch and saliva be mixed, will the digestion of the

former be assisted by boiling the mixture ?

If starch paste be acidified with HCl, the addition of what sub-

stance will enable saliva to digest the starch?

If starch and saliva be mixed, and a drop of the mixture be

tested at intervals with iodin solution, why does the color reaction

vary ?

What step in digestion which is of more importance than the

salivary digestion of starch is carried on in the mouth ?

Why is it well to wash the teeth after each meal ?

What secretion possesses the widest range of digestive power?

Can you readily arrange the digestive secretions in the order of

their relative importance ?

How is digestion affected by removal of the stomach ?

In what respect is digestion most interfered with by removal

of the pancreas ?

7
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Which of the following substances are of equal value as food,

whether they be injected directly into the blood stream or intro-

duced into the alimentary canal : dextrose, cane-sugar, soluble

starch, lactose, egg-albumen, peptones, raw serum albumin, cooked

serum albumin, levulose ?

Supposing that pjdoric and duodenal fistulse have been estab-

lished, so that there is no communication between the stomach and

intestines, the animal ma}^ be fed through the mouth, or by intro-

ducing food and water directly into the duodenum. Which method

of feeding will prove the more satisfactory ?

What effect on digestion has the existence of a biliary fistula ?

How does fat reach the blood stream ?

How is digestion modified by the absence of hydrochloric acid

from the gastric juice ?

Wliat constituents of food require no digestion ?

AVhat different factors play a part in determining the reaction

of the intestinal contents?

If a small quantity of egg-albumen be absorbed from the intes-

tines without having undergone digestion, how is it that it does

not appear in the urine ?

Under what circumstances does glycerin appear in the intes-

tines ?

How does dextrin differ from starch in its physical properties ?

^liere and how is bread and butter digested ?

AMiy is it impossible to swallow six times in rapid succession

without placing something in the mouth ?

Have the emotions any influence over digestion ? and is the effect

of all emotions the same ?

Why should the addition of horn shavings, which are indigest-

ible, enable a rabbit to live on a milk diet ?

How is it that proteid food does not result in peptone poison-

ing?

What becomes of the hemoglobin of the red cells which break

down ?

If soluble starch is absorbed from the intestine, why does it not

appear in the blood ?

AVTiat evidence of constipation may be shown by the urine?

What instances of synthesis in the body can you mention ?



CHAPTER Y.

METABOLISM AND NUTRITION.

The food, after digestion and absorption, reaches the

lymph-spaces of the gastric and intestinal mncous mem-
branes. The proteids and carbohydrates pass, for the

most part, from the lymph into the blood-capillaries,

and are carried through the portal vessels to the liver

;

the fat, on the other hand, reaches the subclavian vein

through the lymphatic vessels. During the absorption

of fat, the lymph which passes through the lymphatic

vessels of the mesentery, or lacteals, resembles milk in

appearance, and is called chyle.

As we have seen, the carbohydrates reach the blood

chiefly in the form of dextrose. If during absorption

samples of blood be taken from the portal and hepatic

veins and compared, it will be found that the hepatic

blood contains the smaller percentage of sugar. Evi-

dently, then, during absorption sugar disappears from

the blood as it passes through the liver. If the liver of

a well-fed animal be examined with the microscope, the

liver-cells will be seen to contain an opalescent sub-

stance, which lies in that portion of the cell adjacent to

the blood-capillary. On treatment with iodin, this sub-

stance gives a port-wine color reaction, resembling that

given with iodin by erythrodextrin. It is a carbohy-

drate with the formula (C,,HjjjO.)q, the molecule being

smaller than that of starch ; according to observations

made on the freezing-point of its solutions, it may be

represented as (CgHjQOg)^^). Like starch, glycogen is

99
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nondialyzable ; unlike starch, it is readily soluble. On
starvation, glycogen rapidly disappears from the liver.

If through the vessels of an excised, glycogen-free liver

there be kept up an artificial flow of blood which con-

tains dextrose, the percentage of sugar in the blood

diminishes, and glycogen appears in the liver-cells. The
conversion of sugar into glycogen is synthetic, and con-

sists in the following reaction :

10CeH,,Oe = (CfiHioOglao + lOH^O;
Dextrose Glycogen

that is, if we may take the above formula to represent

glycogen. Not all the sugar which reaches the liver is

converted into glycogen ; a large proportion passes

through the liver unchanged and is distributed, through

the arteries, to the system in general. Sugar is rapidly

taken up from the lymph by the muscles ; a certain

amount being converted by them into and stored as gly-

cogen. Taken collectively, the muscles may contain as

much glycogen as is found in the liver, but in muscle

the percentage is smaller. Some of the sugar taken up
by the muscles may perhaps at once, without undergoing

previous elaboration, be utilized as a source of energy,

being burnt up with the formation of carbon dioxid and

water ; it is probable, however, that an active muscle

which uses an excess of sugar does not carry the oxida-

tion of this excess beyond the formation of lactic acid,

C^HgO.^, and that this lactic acid is completely oxidized

elsewhere. Exercise reduces the amount of glycogen

held in muscle, but that other substances may afford a

supply of energy for muscular work is shown by the

fact that a muscle may perform work after all its glyco-

gen has disappeared. If a muscle is paralyzed by divi-

sion of its nerve supply, an accumulation of glycogen

goes on within it for several days. Other portions of
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the sugar received by a muscle may, within it, be com-
bined with some other substance,—for instance, proteid,

—or it may be converted into and stored as fat. Durinir

starvation, when all the glycogen has disappeared from

the liver and muscles, and when the body^s store of fat

has been used up, the blood still contains sugar which
can only have originated from the proteids of the body,

for sugar continues to be used by the tissues and yet

does not disappear. Glycogen itself may be formed by
the liver on a purely proteid diet, and this is not sur-

prising, for proteids appear to contain a carbohydrate

radicle in their constitution. It is probable that the

liver having stored the carbohydrate excess which it re-

ceives during absorption, as glycogen, reconverts this

store into sugar as it is needed by the rest of the body.

That the liver can convert glycogen into sugar is cer-

tain, for it may be caused to do so by the stimulation

of afferent nerves, and after death the change goes on

rapidly. The postmortem change may be prevented by
boiling the liver immediately after the death of an ani-

mal, possibly owdng to the destruction of a ferment

which may be contained within the cells and be answer-

able for the conversion. Again, by injuring the floor

of the fourth ventricle, the liver may be caused to dis-

charge its glycogen as sugar; whether the result is

due to interference with the circulation of blood through

the liver, or whether there exists in the bulb a definite

center which regulates the metabolism of the liver-cells,

is uncertain. In consequence of this change the blood

Avill, for the time being, contain an excess of sugar, which
the kidneys at once begin to excrete, giving rise to QIyco=
suria. This they do whenever sugar accumulates in the

blood beyond the normal amount—0.1 to 0.2^. The
appearance of sugar in the urine does not, therefore, indi-

cate an abnormality of the kidneys, but merely that they
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are discharging their normal function in removing from

the blood an excess of sugar, for the occurrence of which

they are not answerable. Sugar may accumulate in the

blood from a variety of causes ; the simplest cause is

the taking of abundant carbohydrate food, but it is

not easy in this way to produce glycosuria (sugar in the

urine). Disease of the pancreas often, its removal

always, causes glycosuria, but this has nothing to do

with the digestive function of the pancreatic juice, nor,

apparently, with those cells of the pancreas which pro-

duce this secretion. It seems probable that the groups

of epithelioid cells which are known as Langerhans's

bodies play an important part in regard to metabolism

in general. Pancreatic diabetes continues in the ab-

sence of carbohydrate food, and even during starvation
;

the sugar in this latter case must originate from the

break-down of proteids. Carbohydrate food increases

pancreatic glycosuria. In the normal condition the

pancreas evidently regulates the proteid and carbohy-

drate metabolism of other organs, but whether through

the manufacture of some substance which is carried to

them by the lymph and blood, or in some other way, is

unknown. In the absence of this pancreatic influence,

either more proteid than usual is converted into sugar or

less sugar is used by the tissues ; at the same time gly-

cogen disappears from the liver. The liver can, how-

ever, if provided with levulose, convert this form of

sugar into glycogen, and the levulose administered does

not increase the glycosuria, but is utilized in the body.

Fat, after absorption, does not pass through the liver

before entering the general circulation. There is no

doubt that not all the fat of the food can, on reaching

the cells of the body, be simply stored in the form in

which it was taken, for the fat of different animals

varies in composition. Human fat contains a larger
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proportion of olein than does mutton or beef fat. If

mutton or beef fat is to be stored, the excess of, for

instance, stearin must be either split up and rearranged

in the form of olein, or oxidized and excreted. Under
certain conditions, however, some foreign fat may be

stored in the adipose tissues of an animal, but this is

unusual. Not all the fat stored in the. body is derived

from the fat of a food ; a small proportion may be

formed from sugar or glycogen, and probably more from

proteid. It is the opinion of some investigators that

almost all the fat of the food is oxidized by the cells as

it reaches them, and that very little is stored as fat.

Fat afPords a large amount of energy to the system,

Nvhich may be utilized in performing mechanical work,

chemical work in the way of synthesis, and in main-
taining the temperature of the body. The final prod-

ucts of its oxidation are carbon dioxid and water.

The waste products of proteid metabolism also in-

clude water and carbon dioxid, but there are formed, in

addition, nitrogenous substances, the chief of which is

urea. It is not to be supposed that the proteid metab-
olism which goes on within the cells, results in the direct

decomposition of proteid into urea, carbon dioxid, and
water, for in the muscles which contain the larger pro-

portion of body proteids, and in which proteid metab-
olism goes on continually, little or no urea is to be

found. That this absence of urea is not due to its

rapid removal from the muscle by the lymph and blood

has been proved by keeping up an artificial circulation

through the vessels of a dog's hind limbs, the blood

being oxygenated and passed through the vessels a num-
ber of times. Although the muscles retained their

irritability, showing that they were uninjured, no urea

accumulated either in the muscle or blood. Yet since

proteid metabolism undoubtedly goes on in the muscles,
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nitrogenous waste products of some kind must be
formed there, and if not converted into urea in the

muscles, they must undergo this change elsewhere in

the body, for urea is the main nitrogenous waste product
which is excreted. Most of the urea appears in the

urine, but that it is not formed to any extent by the

kidney has been proved by circulating oxygenated blood

for several hours through the vessels of an extirpated

kidney, at the end of which time almost no urea was
found in the blood. Still more conclusive evidence

that the kidney is not the organ chiefly concerned in

the production of urea is furnished by the removal of
the kidneys, after which operation urea accumulates in

the blood. If blood be circulated through the limbs of

a well-fed dog, and then through the liver of the sa'me

animal, these organs being isolated from the rest, urea

appears in the blood. On its passage through the mus-
cles of the limbs, the blood takes up some substance

which, on subsequently passing through the liver, is

converted into urea. That the liver is the organ in

which most of the urea is normally produced may be
shown by the removal of the liver, or by excluding it

from the circulation. The urine of an animal whose
blood is thus prevented from passing through the liver

contains very little urea, showing that while urea may
be formed in small quantities by other organs, it origi-

nates for the most part in the liver. In the absence of

the liver, urea no longer forms the chief nitrogenous

waste product ; it is largely replaced by ammonium
salts. This indicates that the liver may normally con-

vert these ammonium salts into urea, and that it pos-

sesses this power, may be shown by circulating through

the extirpated liver blood to which has been added the

ammonium salt of carbonic acid, carbamic acid, or lac-

tic acid ; in cither case the ammonium salt disappears

and its place is taken by urea ; for instance :
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NH2.CO.ONH4 = (NH2)2CO + HjO.
Auim. Carbamate Urea

Ammonium carbamate and ammonium lactate have

been found in blood which is perfused through the iso-

lated hind limbs of a dog ; tliey also appear in the

urine of an animal whose blood is prevented from pass-

ing througth the liver. Glycocol, the second of the

series of amido-fatty acids of which carbamic or amido-

formic acid is the first, may also be converted by the

liver into urea. The amido-acids, such as leucin and
tyrosin, formed in the intestinal digestion of proteids

are after absorption carried to the liver and probably

changed to urea ; in diseases of the liver leucin and
tyrosin may, in part, take the place of urea in the urine.

Another nitrogenous waste product found in muscle

is creatin ; this is probably excreted as urea, though if

carried to the liver as creatin, it is converted into and
excreted as creatinin. It is possible that creatin, before

leaving the muscle, is changed to ammonium lactate,

which on reaching the liver is, in turn, converted into

urea. This creatin is the substance which gives to meat
its flavor ; it may be extracted by boiling, which, if pro-

longed, leaves the meat tasteless. Creatin is of little or

no value as food, but renders the meat palatable and
may act as a stimulant.

A nitrogenous waste product which is closely related

to urea, and appears in the urine in small quantities, is

uric acid. On examination of its formula, it will be

seen to contain two urea groups united with a central

chain of C.C.CO

:

NH—C=0
I I

0=C C—NH.
I II

>c=o
NH—C—NH^
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Through oxidation and hydrolysis, uric acid may be

decomposed, with the formation of two molecules of urea

and one of oxalic acid. If urea be administered to a

bird, it is converted by the liver into uric acid ; on the

other hand, uric acid administered to a mammal is de-

composed by the liver with the formation of urea. The
amount of uric acid found in human urine is variable

;

there is usually one part of uric acid to about thirty-five

parts of urea, but the ratio varies with the nature of the

food. The amount of uric acid is increased by nucleo-

proteid food, though nuclein does not seem to be digested

and absorbed to more than a small extent. It has been

stated above that nuclein may be split up, with the for-

mation of xanthin bases, which are closely related^ to

uric acid. In leukemia, a pathologic condition in which

the number of leukocytes in the blood is largely in-

creased, the excretion of uric acid is also increased, per-

haps owing to the break-down of leukocytes in unusual

numbers, and the liberation of their nucleoproteid, which

is then converted into uric acid. Not all the uric acid

formed in the body may be expected to appear, as such,

in the excretions, for much of it is probably converted

into urea ; the uric acid of the urine has perhaps reached

the kidneys without passing through the liver.

Hippuric acid is a nitrogenous Avaste product which

appears in human urine in small quantities only ; it is

more abundant in the urine of the herbivora, and, in the

case of man, may be increased by eating vegetables,

more especially fruits, which contain aromatic substances

that are oxidized in the body, with the formation of ben-

zoic acid. Hippuric acid appears in the urine, to a cer-

tain extent, even during starvation, and cannot therefore

be entirely derived from food ; aromatic compounds

must originate in small quantities from the metabolism

of proteids, and be converted into benzoic acid. The



HIPPURIC ACID. 107

benzoic acid, whctlier it be formed from food or from
body proteids, is combined by the kidney with glycocol

to form hippiiric acid, and thus excreted.

It appears, then, that urea is not an immediate prod-

uct of proteid metabolism, but that intermediate sub-

stances are formed, such as creatin, anmionium salts,

possibly araido-acids, etc. It is certain that glycocol may
be formed in the body, for the aduiinistration of ben-

zoic acid results in the appearance of hippuric acid in the

urine. As in the case of the nitrogenous, so in the case

of the carbonaceous half of proteid, decomposition into

the final waste products, carbon dioxid and water, is not

immediate. Indeed, after a meal consisting of proteids,

the excretion as urea of an amount of nitrosren corre-

sponding to that administered is accomplished earlier

than the excretion of the amount of carbon and hydro-
gen contained in the proteid. This indicates that the

proteid is split into a nitrogenous and a nonnitrogenous

part, the latter being perhaps transformed into glycogen,

dextrose, or fat before it is utilized by the cells. It is-

known that these substances may be formed from pro-

teid food, as has been stated above. It seems probable

that fats and carbohydrates never form part, of the bio-

plasm, but are held closely in contact with it within the

cells, and utilized by it as a source of energy. Some of
the proteid food is undoubtedly transformed into the

living proteid of bioplasm, but it is unlikely that it all

undergoes this process before being oxidized. In all

likelihood, the fats, the carbohydrates, and most of the

proteid, after entering the cell, suffer decomposition

without ever becoming a part of bioplasm. Some of
their decomposition products may subsequently undergo
synthesis ; for example, sugar may in this way be trans-

formed into fat. The proteid of bioplasm, or, as it is

called, tissue proteid, may be supposed to break down
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but slowly ; at the rate, it has been estimated, of about

1 ^0 per diem.

By far the greater part of the proteid metabolism

occurs in the muscles, and the most characteristic fea-

ture of muscle is its power of contraction, yet no rela-

tion exists between muscular activity and proteid metab-
olism. Muscular work is accomplished at the ex]3ense

of the nonnitrogenous food-stuffs, namely, carbohy-

drates and fats ; for the excretion of nitrogen is hardly

affected by exercise, unless it be very violent, or unless

there be a scarcity of fats and carbohydrates in the diet.

On the other hand, muscular exercise is accompanied by
a great increase in the excretion of carbon dioxid. Not
all the energy liberated during contraction appears in

the form of mechanical work ; the larger portion is given

off* as heat. In the absence of a sufficient supply of

nonproteid material, muscle is capable of utilizing pro-

teid as a source of mechanical energy.

Internal Secretion.—We have seen that the pancreas

exerts an important influence over the proteid and carbo-

hydrate metabolism of other organs, but this is not the

only instance of the kind. The thyroid body, for ex-

ample, is essential to the normal metabolism ofthe nervous

system. Ifthe thyroid be completely removed from a dog,

the animal soon dies ; but before death ensues there appear

muscular tremors, spasms, and convulsions, which are of

central origin, depending apparently upon abnormal met-
abolism in tlie cells of the spinal cord. Monkeys survive

the operation longer ; tliey also show muscular tremors,

and myxedema may follow. Myxedema is a condition

associated in man with atrophy of the thyroid ; the

symptoms are an overgrowth of the subcutaneous con-

nective tissue, nuiscular weakness, sometimes spasms,

and mental failure. Tlie congenital form is known as

cretinism, the child being idiotic and deformed. In
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man the removal of the thyroid is sometimes followed

by myxedema, this variety being known as operative

myxedema, or cachexia strumipriva. The symptoms

may be relieved by injecting an extract made from the

thyroid of some other animal into a vein or under the

skin, or even by the administration of raw thyroid with

the food. The normal thyroid evidently produces a

substance, or substances, which enter the lymph and

blood, are carried throughout the system, and take effect

more especially on the central nervous system. In the

absence of these substances, the metabolism of the nerve-

cells becomes abnormal, but may be rectified by the

administration of thyroid extract. The overgrowth of

subcutaneous connective tissue is also due to abnormal

metabolism. The thyroid produces an iodin compound,

known as iodothyrin, or thyroiodin, which appears to be

one of the substances answerable for thyroid influence,

for this product is, on injection, effective in relieving

the symptoms of myxedema. It is possible that this

gland also possesses the power of neutralizing poisonous

products of normal metabolism. The irritability of the

cardio-inhibitory and depressor nerves is reduced by the

removal of the thyroid, and increased by the injection

of iodothyrin, which tends also to lessen the irritability

of the vasoconstrictors.

The removal of the pituitary body is, in dogs, fol-

lowed by symptoms very similar to those seen on

removal of the thyroid. In man, however, disease of

the pituitary body is not accompanied by myxedema,
but by an overgrowth of the bones of the face and
limbs ; a condition named acromegaly. Injection of

extracts made from the posterior lobe into the vessels

causes strengthening of the heart-beat and constriction

of the arteries, apparently influencing directly the mus-
cular coats of the vessels.
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In dogs the removal of both adrenal bodies, or supra-

renal capsules, is more quickly fatal than is the removal

of either the thyroid or the pituitary body. The symp-

toms which precede death are extreme muscular weak-

ness, weak heart-beat, and loss of vascular tone. In

man a condition knoAvn as Addison^s disease is asso-

ciated with abnormality of the adrenals. The symp-

toms are similar to, but less acute than, those folloAving

the removal of the bodies ; in addition, there occurs a

peculiar bronzing of the skin, and sometimes of the

mucous membranes. Dogs die too soon for this symp-

tom to develop, but in rabbits, which survive the oper-

ation longer, pigmentation of the skin has occurred.

Very marked effects are produced in normal animals^ by

the intravascular injection of adrenal extracts. Mus-
cular contraction is unusually prolonged, an effect resem-

bling that of veratrin. The cardio-inhibitory center is

strongly stimulated, the auricle ceases to contract, and

the ventricle beats slowly ; nevertheless the arterial

blood pressure rises, owing to a direct stimulation of the

arterioles. This effect is transitory but energetic ; if

the vagi have been previously divided, the pressure rises

to a great height. Extracts made from the cortical por-

tion of the gland are inert ; the active principle is to be

ol)tained from the medullary portion only. A substance,

epinephrin, which has been isolated from the extract,

produces, on injection, the characteristic effects, and is

evidently one of the active principles of the gland, though

perha])s not the only one. We may conclude, then, that

the adrenal body elaborates epinephrin, and perhaps

other substances, which pass into the circulation and

act on muscular tissue—skeletal, cardiac, and vascular

—in such a manner that its tone is increased ; in other

words, they hasten muscular metabolism, perhaps more
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especially in regard to the oxidation of carbohydrates.

In the absence of this influence the muscles lose their

tone.

NUTRITION.

The body is constantly liberating energy supplied by
the food, in which it has been stored by the plant ; the

ultimate source of this energy being the light and heat

of the sun. The question to be discussed is, whether

the different food-stuffs are of equal importance, and

whether they are all necessary to the maintenance of

life. It may be mentioned, in the first place, that di-

gestion goes on more readily on a mixed diet. In all

experiments on nutrition it is necessary to keep an ex-

act account of the amount and quality of both the food

and the excreta. In this connection it is usually suffi-

cient, as far as the proteids are concerned, to estimate

the amount of nitrogen excreted in the urine and feces.

Proteids contain, by weight, from 15^ to 17^ nitro-

gen ; consequently, the appearance of 1 gram of nitro-

gen in the excreta indicates the decomposition of about

6.25 grams of proteid. If the nitrogen excreted

exactly equals the amount taken in the food, the animal

is said to be in a condition of nitrogenous equilibrium.

If the excreta contain less nitrogen than was taken in

the food, nitrogen has been stored in the body ; that is,

proteid has been laid up. If more nitrogen appears in

the excreta than was contained in the food, the excess

must have been derived from the break-down of an un-

usual amount of body proteids. Even if nitrogenous

equilibrium is maintained, the weight of the body may
not remain constant, for carbon equilibrium does not

always accompany an equilibrium in nitrogen. Carbon
is contained in all classes of food-stuff, and while a

condition of nitrogenous equilibrium exists, glycogen
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or fat may be stored up even on a purely proteid diet,

leading to a deficit in the carbon excreted. On the

other hand, fat or glycogen may be used up^ and thus

lead to the excretion of an excess of carbon, without

interfering \yith the maintenance of nitrogenous equilib-

rium. It is therefore necessary, in making experiments

on the relative value or the fate of the food-stulPs, to

estimate not only the nitrogen, but also the carbon of

the food and excreta.

During starvation metabolism does not cease, but

goes on entirely at the expense of the carbohydrates,

fats, and proteids of the body. After using up a certain

proportion of this store, the animal dies ; the period

which lapses before death depending largely on the

condition of the animal when starvation began. A
lean animal will usually withstand the loss of about

0.4 of its body-w^eight ; one that is fat may live until

its weight has been reduced by 0.5 ; an adult human
being may live for three weeks without food if supplied

with water ; children die in a few days, after losing about

0.25 of their weight. Fat disappears rapidly during

starvation ; the proteids, as long as fat is being utilized,

diminish very slowly. When most of the fat has been

consumed the body falls back upon its store of pro-

teids, and the excretion of urea is suddenly increased

beyond that of the preceding period. While the fat

lasts, the proteids are not used to any extent as a

source of energy for the maintenance of temperature or

for muscular work ; but when the supply of fat has been

exhausted, they must be so used ; and even before this

stage is reached, proteid must be decomposed in the for-

mation of sugar, which never disappears from the blood.

As starvation progresses metabolism diminishes, and

the loss of weight grows less from day to day. The
greatest loss in weight is sustained by the adipose tissue

;
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then come the muscles ; next the liver, spleen, etc., and,

lastly, the heart and central nervous system, which

suffer almost no loss, for they live at the expense

of the other tissues. It might be supposed that a

daily supply of proteid food, equal in quantity to the

amount of tissue proteid which is broken down per

diem during starvation, would suffice to keep an animal

in a condition of nitrogenous equilibrium, but this is far

from being the case. This depends upon the fact

that proteid metabolism within the cells is stimulated

by the reception of proteid food ; the larger the quantity

of proteid food which reaches the tissues, the more

rapidly does proteid metabolism go on, and, as a result

of this, the cells are capable of using practically all the

proteid which is supplied to them. In one classic ex-

periment a dog, during starvation, was found to con-

sume his store of muscle at the rate of 165 grams per

diem ; at the same time he was burning up 95 grams

of fat. AVhen given 500 grams of lean meat, the

nitrogen in his urine showed that 599 grams were de-

composed ; that is, that he had used up 99 grams of

muscle in addition to what he had received. At the

same time 47 orams of fat were oxidized. In one dav of

starvation the animal had lost in weight 260 grams ; the

administration of 500 grams of meat only reduced this

loss to 146 grams. On gradually increasing the amount

of proteid food, from day to day, it was not until 1500

grams of meat were given that loss of weight was pre-

vented ; at this point nitrogenous equilibrium was es-

tablished, and 4 grams of fat were stored up. In-

creasing the amount of proteid food still further did not

lead to an appreciable storing up of proteid tissue ; in

fact, when 2500 grams were given, 2512 grams were

decomposed, a loss of muscle to the extent of 12 grams.

JFat was, however, stored up to the extent of 57 grams.

8



114 METABOLISM AND NUTRITION.

Thus, if kept on a purely proteid diet an animal must,

in order to maintain nitrogenous equilibrium, receive a

certain amount of food ; if more than this be given, it

does not lead to the storing-up of the excess, for the

cells become spendthrift and burn up all the proteid

that they receive, in this way maintaining nitrogenous

equilibrium at a higher level.

Proteid metabolism may, however, be reduced by a

mixed diet. In the case of the animal which required

1500 grams of meat for the maintenance of nitrogenous

equilibrium, an addition of 150 grams of fat to this

amount of meat resulted in the building-up of tissue to

the extent of 26 grams. Further than this, if 150
grams of the fat was given, the amount of proteid neces-

sary was much less ; under these circumstances the allow-

ance of meat was reduced to 800 grams without the ap-

pearance of an excess of nitrogen in the urine. There-

fore, a mixed diet is the more economic, for proteid

is the most expensive of foods ; it is better j^hysiologi-

cally, for digestion is much less likely to become dis-

ordered. Carbohydrates are even more effective than

fats in the reduction of proteid metabolism
;
gelatin

serves this puqxjse better than either. If, then, it is

desired to reduce proteid metabolism as far as possible,

in order that there may be a building-up of tissue pro-

teid,—of muscle, for example,—it is best to give but a

moderate amount of proteid, with a good proportion of

one of the other foods, or, better still, a mixture of all

the others. A mixture of the other foods, no matter

how abundant the diet, will not, in the absence of pro-

teid food, serve to maintain nitrogenous equilibrium
;

life will be prolonged, but death from proteid starvation

is inevital)k;.

There is a difference of opinion as to the relative pro-

portions in which the food-stuffs should be combined to
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form an ideal diet. The following is the diet recom-

mended by Voit, and is intended for a man of 70 kilo-

grams :

Proteid, 118 grams. Fat, 56 grams. Carbohydrates, 500 grams.

This diet is supposed to consist of both animal and
vegetable food, and, consequently, cannot be expected

to be absorbed m toto, for vegetable food is less readily

digested than meat, owing chiefly to the cellulose cover-

ing.

In order to calculate the amount of energy supplied to

the body by a given diet, we must know the combustion

equivalent of each food-stuff; this is determined by
burning the substance in question, and measuring the

heat given off. In the case of fats and carbohydrates,

the same amount of energy is liberated within the body
as when the substance is burned outside the body, for

the oxidation is in each case complete, the final products

of combustion being carbon dioxid and water. Not all

the energy contained in proteids is set free within the

body, for the end-products of proteid metabolism are, in

the main, carbon dioxid, water, and, instead of nitrogen,

urea, which is capable of undergoing oxidation and
liberating energy. Besides urea, other oxidizable sub-

stances are formed in small quantities, and we must de-

duct the energy thus lost to the body from that intro-

duced in proteid. The potential energy of a substance

is expressed in calories. A calorie is the amount of

heat required to raise the temperature of 1 gram of water

by 1" C. The potential energy available to the body
from 1 gram of proteid is 4100 calories ; from 1 gram
of fat 9300 calories ; and from 1 gram of carbohydrate,

4100 calories. Adopting Voit's diet, as given above,

the available energy will be :
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Proteid, 118 grams X 4100 . . 483,800

Fat, 56 grams X 9300 520,800

Carbohydrate, 500 grams X 4100 . 2,050,000

3,054,600 calories.

This represents a diet suitable for a raan doing ordinary

work ; increased labor entails the necessity of a larger

food supply. As muscular work is performed almost

entirely at the expense of the nonnitrogenous foods, it

would seem rational to vary the diet by increasing the

proportion of these when more work is to be done ; ex-

perience has shown, however, that it is better to give

more proteid also. The metabolism of the nonnitrog-

enous foods is also increased by exposure of the body to

cold ; that of proteids is not affected to an appreciable

extent. The combustion equivalent of fat is higher

than that of the other foods, and dwellers in cold cli-

mates are said to have a craving for fatty food, but there

is no proof that fat is more readily used by the muscles

in keeping up the temperature of the body.

Inorganic salts form as essential a part of the diet as

the foods which supply energy to the body. It has been

shoAvn that an animal fed on food from which the inor-

ganic salts have been, as far as possible, removed dies

sooner than similar animals which are starved. Inor-

ganic salts are necessary for the neutralization of acids

fonned during metabolism ; for instance, sulphuric acid,

which originates from the oxidation of the sulphur con-

tained in the proteid molecule. It is true that this may,

to a certain extent, be neutralized by ammonia, also

split off from proteid. This is by no means the only

use of the inorganic salts, and, of course, neutral salts,

such as sodium clilorid, are not used in this way.

Amongst the uses of the inorganic salts in the body
may be mentioned the following : they maintain the
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alkalinity of the blood and lympli, which is of the

utmost importance, for an acid reaction rapidly destroys

the irritability of bioplasm ; they are of importance in

regard to the osmotic pressure of the liquids and cells

of the body ; their presence is necessary to the solution

of the globulins ; from sodium chlorid is derived the
chlorin for the formation of hydrochloric acid in the

gastric glands ; sodium chlorid, potassium salts, and
soluble calcium salts are necessary to the activity of the

heart ; calcium salts are concerned in the clotting of
blood, and so on. It would appear that the inorganic

salts of the food must, to a certain extent, be in combi-
nation with organic substances, such as proteid ; other-

wise, they do not fulfill all that is required of them. A
vegetable diet contains an excess of potassium salts, and
seems to necessitate a supply of sodium chlorid, for the

potassium salts react to some extent with the sodium
chlorid of the blood, forming potassium chlorid and, for

instance, sodium phosphate ; this loss of sodium chlorid

to the blood must be made good by its addition to the
food. A supply of calcium for the building-up of
bone is needed especially by growing children, and this

want is particularly well supplied by milk, which con-
tains an abundance of calcium. Iron is another sub-
stance which is needed, chiefly in relation to the forma-
tion of hemoglobin ; this is supplied in combination with
nucleo-albumius in the food, but inorganic salts of iron
may be absorbed. A diet consisting entirely of milk is

unsuitable for any but infants, for it contains an insuffi-

cient quantity of iron. The iufxnt contains within its

tissues a store of iron which is slowly used up during
the period of suckling ; if confined to a milk diet beyond
the usual time, it becomes anemic.

Water supplies no energy to the body, but is indis-

pensable, for in its absence metabolism is impossible. It
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serves as a solvent for both food and excreta ; in the re-

moval of the latter, large quantities of water are elimi-

nated, and must be replaced. The evaporation of sweat

is a most important means of resisting the effect of a

high temperature.

QUESTIONS FOR CHAPTER V.

During the absorption of carbohydrates, in which set of blood-

vessels is the percentage of sugar the highest?

How may glycogen be most readily caused to disappear from the

muscles ?

Would you expect to cause glycosuria by puncturing the med-

ulla of an animal which had for some time been fed on fat?

Is the appearance of sugar in the urine a necessarily serious

symptom ?

INIay it occur in health ?

How is the percentage of sugar in the body increased after death ?

How may we determine whether a certain substance is formed

by a particular organ ?

Compare the work done by the liver on a proteid diet with that

done on a carbohydrate diet.

Under what circumstances would you expect an accumulation

of urea in the blood ?

Under M^hat circumstances would you expect the urea of the

urine to be replaced by ammonium salts ?

Does sleep cause a variation in the rate of nitrogenous or non-

nitrogenous metabolism ?

Does all the urea which appears in the urine originate from the

break-down of tissue proteids?

From what nitrogenous substances may urea be formed by the

liver?

Can a molecule of urea be formed from one molecule of glycocol?

What are the waste products of muscular metabolism?

^Tiich is the more nutritious, soup made by boiling meat or the

insoluble residue ?

Which is the more palatable ? Why?
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What changes occur in the composition of a calf's urine when it

is weaned '?

Is the formation of fat from sugar a synthetic or an analytic

process ?

Mention instances of synthesis and analysis which occur during

metabolism.

What different factors prevent an accumulation of sugar in the

blood?

What is meant by internal secretion ?

What is the physiologic treatment of myxedema ?

Compare the effect of injecting epinephrin into the vessels of two

animals, one of which is normal, the spinal cord of the other having

been previously divided at the level of the seventh cervical nerves.

By what operative procedure may we insure the highest blood

pressure on the injection of epinephrin ?

Is the percentage of ammonia in the urine increased by the

administration of ammonium carbonate?

How may it be increased ?

How may muscular exercise be caused to increase the excretion

of urea?

If an animal receives no nitrogenous food, does nitrogen dis-

appear from the urine ? .

What organ receives, in proportion to its size, the smallest arte-

rial blood supply ?

Do all the end-products of hepatic metabolism enter the bile-

ducts ?

Do the amounts of urea and uric acid in the urine always vary

together ?

What is the surest means of increasing proteid metabolism?

If an animal be kept in a condition of nitrogenous equilibrium,

does its weight necessarily remain constant ?

Can an animal gain in weight when in a condition of carbon

equilibrium ?

Is it possible, by giving a large quantity of proteid food, to

cause the appearance of proteid in the urine?

What is the final effect of an abundant diet containing an in-

sufficient amount of proteid?

Supposing that an animal is receiving a daily allowance of 200
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grams of proteid food, and that it excretes 30 grams of nitrogen,

and 60 grams of carbon, what are we to conclude?

If an animal, on a diet of 200 grams of proteid, excretes 40

grams of nitrogen, and 120 grams of carbon, what are we to con-

clude?

Under what circumstances will moderate muscular exercise

cause a deficit of nitrogen in the urine?

Why does the administration of a mineral acid reduce the pro-

portion of nitrogen which is excreted in the form of urea?

Under these circumstances, how is this nitrogen excreted ?

To what kind of diet is the addition of sodium chlorid of most

importance ?

During starvation the heart loses but little weight. Is the rate of

cardiac metabolism slow as compared with that of skeletal muscle ?

In choosing a diet for a child which is deprived of milk, to what

inorganic constituent should special attention be paid ?
*

What are the limitations to the use of milk as the sole article of

diet?



CHAPTER YI.

EXCRETION.

The waste products of metabolism,—carbon clioxid,

water, urea, and other substances in smaller quantities,

—the water and inorganic salts that are absorbed from
the alimentary canal, and other material which, though

absorbed, undergoes no chemical change in the body, are

all excreted through various channels. Carbon dioxid

is, in the main, excreted by the lungs, but is also elim-

inated, to a much less extent, in various secretions,

such as the sweat, saliva, etc. Only a small proportion

of the water which is excreted has originated in the

course of metabolism ; most of it represents that which
was taken through the mouth. It is excreted by the

glands of the alimentary canal ; most of this, how^ever,

is reabsorbed. It is also excreted by the lacrimal

glands, and, in much larger quantities, by the respira-

tory mucous membranes, sweat glands, and kidneys.

Urea is found in traces in the saliva, bile, intestinal

juice, and milk, but by far the majority is excreted in

the urine.

The Urine.—The chief constituents of the urine are

water, urea, uric acid, hippuric acid, xanthin bases, creat-

inin, conjugated sulphates, and inorganic salts. The
origin of these substances has been already discussed.

About 30 grams of urea is excreted per diem, the amount
varying Avith proteid metabolism. The amount of uric

acid is also variable, the average being about 0.8 gram

;
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it depends more upon the quality than the quantity of the

food, and probably upon the extent of cell destruction

;

it is increased by exercise, and diminished by rest.

Free uric acid is not found in fresh urine ; it is excreted

in the form of the more soluble urates ; on standing,

these may be converted into free acid, which is precipi-

tated ; this occurs most readily in acid urine, and is due

to the reaction of the urates with the acid phosphates.

The xanthin bases include xanthin, hypoxanthin, guanin,

adenin, etc.; they are closely related to uric acid, which

may be formed from them in the body. About 0.1

gram xanthin bases is excreted per diem. The crea-

tinin of the urine is derived chiefly from the creatin of

the food, and varies with the amount so taken, the aver-

age excretion being about 1 gram per diem. Hippuric

acid occurs in the urine to the extent of about 0.7 gram
per diem, and varies with the amount of vegetable food

eaten. The conjugated sulphates have been mentioned

in speaking of proteid putrefaction in the large intes-

tine ; conditions which favor the growth and activity of

bacteria in the intestines increase the amount of these

substances in the urine, while rendering the contents of

the intestines antiseptic prevents their appearance. The
urinary pigments are derived directly or indirectly from

hemoglobin. Not the whole of the inorganic constit-

uents of tlie urine are derived directly from the food

;

for instance, sulphuric acid and phosphoric acid are

formed in the metabolism of proteids, the sulphates of

the urine originating, for the most part, in this way, the

phosphates to a less extent. Besides sulphates and

pliosphates, there are present carbonates and, in larger

quantity, chlorids. Sodium, potassium, magnesium, and

calcium are present ; the relative quantity of each is

indicated by the order in which they are mentioned

;

they are, of course, combined as salts.
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The acidity of the urine is not due to the presence of

free acid, but to the acid phosphates. Both acid and
alkaline phosphates are present in the urine, the former

predominating. The degree of acidity depends upon
several factors ; in the main, it represents the balance

between the available bases taken in the food, and the

acids produced in metabolism. The secretion of the

acid gastric juice usually decreases the acidity of the

urine secreted during gastric digestion, but this effect

may be neutralized by the secretion of the alkaline saliva,

bile and pancreatic juice. Vegetable food contains, in

addition to alkalies, salts of organic acids, which, on

oxidation, are converted into carbonates, and may be

used in neutralizing the acids formed during metabolism
;

vegetable food, therefore, reduces the acidity of the

urine ; from animal food, on the other hand, the amount
of acid formed exceeds the available bases, and the

excess is neutralized by the conversion of alkaline into

acid phosphates. The specific gravity varies from 1015
to 1025, and depends chiefly upon the amount of liquid

absorbed by the alimentary canal, and the amount
excreted through other channels. The amount of food

consumed will, of course, influence the quantity of solids

excreted. In making observations on the specific grav-

ity of the urine, it is best to collect and mix the w^hole

amount passed in tw^enty-four hours, beginning wdth an

empty bladder. The amount varies from 1200 to

1700 c.c.

The secretion of urine depends chiefly upon the blood

supply of the kidney. The kidney receives this supply,

through the short renal artery, from the aorta ; the pres-

sure in the first set of capillaries—those forming the

glomerulus—being, in consequence of this arrangement,

high. The pressure in the capillaries of the kidney

varies, of course, wdth the strength and rate of the heart-
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beat ; it also varies with the condition of the arterioles

in other parts of the body, and, in addition, with the

state of its own arterioles. The kidney will receive the

most abundant supply of blood when the heart-beat is

strong, the vessels of other parts constricted, and the

local arterioles dilated. Under these circumstances the

amount of urine secreted will be abundant. In cold

weather the cutaneous vessels are constricted and more

blood flows through the abdominal organs, including the

kidney ; in cold weather, therefore, more urine will be

secreted than when it is warm, for in the latter condi-

tion the kidney receives less blood, the skin more, and

the blood is concentrated by the free secretion of sweat.

The kidney vessels are controlled by the central .ner-

vous system, through both vasoconstrictor and vaso=

dilator nerves which leave the spinal cord in the lower

thoracic nerves, enter the sympathetic, and pass through

the splanchnic to the solar ganglia, where they probably

end in contact with cells whose nonmedullated axons

(post-ganglionic fibers) pass along the renal artery to

the kidney. A division of these nerves results in a

dilatation of the renal arterioles and an increased flow

of urine ; their stimulation ordinarily causes vasocon-

striction and lessened secretion, but if stimulated with

slowly repeated induction shocks, the action of the vaso-

dilators is called into play. A division of the spinal

cord in the upper thoracic region or division of both

splanchnics leads to the dilatation of so many vessels

that the general blood pressure is reduced to a point at

which the dilatation of the kidney arterioles cannot

result in an increased flow of blood through the kidney.

The existence of a double set of capillaries in the kid-

ney offers an unusually high resistance, and, to over-

come this, a comparatively high blood pressure is

necessary.
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We do not know precisely how the urine is secreted,

but the water and inorganic salts are probably filtered

throngli the walls of the glomerular capillaries and
epithelium of the capsule. The conditions are very

favorable to filtration, for the blood pressure in the

capillaries is high and that in the capsule must be low,

as there is a free exit for the urine through the tubules.

The filtration h}'pothesis has been disputed on the

ground that ligation of the renal vein, while it must
raise the intracapillary pressure and thus favor filtration,

nevertheless puts a stop to the secretion of urine. This,

however, may not be a valid objection, for the distention

of the veins which results probably compresses the

renal tubules, and, by preventing the exit of the urine,

raises the pressure in the capsule toward that in the

capillaries. The capsular epithelium may be supposed

to act like a gelatin membrane, through which the water

and salts of blood-serum may be filtered, leaving behind

the proteids. In such a case the resistance to filtration

does not consist only in that offered by the membrane
to the passage of water and salts, for the proteids, owing
to the osmotic pressure which they exert, tend to retain

water and to prevent its escape from the serum. The
proteids ofplasma exert an osmotic pressure of from 25
to 30 mm. of mercury ; this, then, must be added to the

resistance which is offered by the membrane to filtration

of water and salts. Thus, to cause filtration a some-
what greater force is needed, and it has been found that

the secretion of urine ceases when the blood pressure

falls below 40 mm. of mercury ; it also ceases when the

pressure in the capsule has been raised to w^ithin 40 or

50 mm. Hg of that in the capillaries.

The urine as it leaves the kidney is a very different

liquid from any that could result from the mere filtra-

tion of blood plasma ; if, then, filtration goes on into
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the capsule, this filtrate must be greatly modified as it

passes through the tubule toward the pelvis of the kid-

ney. This undoubtedly takes place, for the more rap-

idly the urine passes through the tubules, the less it is

modified, and the more it resembles the plasma in com-
position and reaction. When it traverses the tubules

more slowly, time is given for its concentration, appar-

ently by the absorption of water. If water is absorbed

from the glomerular filtrate by the cells which line the

tubule, they perform an immense quantity of work, for

the osmotic pressure of the urme is much greater than

that of the blood plasma. In one case the osmotic

pressure of the urine of a cat which had been deprived

of water ^vas greater than that of its blood plasma by

498 meters of water ; and the tubule cells, in transfer-

ring water from urine of this density to the blood

plasma, must have exerted a tremendous force. The
cells of which the convoluted tubules are formed are

much more highly developed than those which line the

capsule, and we may expect them to be more specialized

in function. It seems probable that uric acid is excreted

in tliis portion of the tubule ; experiment has proved

that such is the case in birds. With regard to the ex-

cretion of the more soluble urea, we have no knowledge

as to whether it occurs in the capsule or tubules ; we
might expect that it would accompany the inorganic

salts and \vater through the ^^all of the capsule. The
urine as it leaves the capsule is alkaline in reaction, re-

sembling the plasma in this respect ; on its passage

through the tubules it becomes acid, either through the

addition of acid phosphates or the removal of alkalies.

Temporary ligation of the renal artery prevents the

secretion of urine not only during the period of occlu-

sion, but for some little time after the circulation is re-

established. Some take this as proof that filtration is
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not answerable for the glomerular secretion. It is easy

to see how this might incapacitate the tubule cells for

the i^erformance of work, but why it should ]n\t a stop

to tiltration is obscure ; the glomerular epithelium is in

some way rendered less permeable. That the epithelium

of some part of the mechanism is injured, is evidenced

by the appearance of albmnin in the urine that is subse-

quently tirst secreted.

Diuretics are substances which increase the flow of

urine ; one class, known as saline diuretics, do this by
bringing about hydremic plethora, and by causing a

dilatation of the renal arterioles. Amongst the saline

diuretics are sodium chlorid, urea, dextrose, sodium ace-

tate, and many others. On injecting any of these into

the blood, the first eiFect is a rise in the osmotic pressure

of the plasma, the rise being proportionate to the result-

ino; increase in molecular concentration. This increase

of osmotic pressure causes the absorption of water from

the lymph-spaces, and the blood will be diluted ; we
shall have a condition of hydremic plethora. The bulk

of the blood being thus increased, the pressure within

the vessels is raised, consequently the filtration of urine

will be hastened. Even when the condition of plethora

has disappeared diuresis may continue, for the renal arte-

rioles remain dilated for some time. That the saline

diuretics do not act through stimulation of the epithe-

liiun is proved by the fiict that they produce no diuresis

if, on their administration, an increased blood supply to

the kidney is prevented. The dilatation of the renal

arterioles is caused by a direct action of these diuretics

either on the walls of the vessels or on the peripheral

nervous mechanism. The existence of secretory nerve-

fibers for the kidney has not been proved. .

The urine is carried from the kidney to the bladder

through the ureter, its passage being aided by rhythmic



128 EXCRETION.

coutractions which sweep clown the ureter every twenty

seconds or so. These appear to be of muscular origin,

since they may continue, after isolation, in the portions

of the ureter which contain no nerve-cells. The ureter,

on reaching the bladder, runs for a short distance

obliquely through the bladder-wall ; a valve is thus

formed which prevents the backflow of urine from the

bladder into the ureter, for a rise of pressure in the

former will compress this portion of the latter.

Micturition.—When the bladder contains no urine,

its muscular walls are in a state of slight tonic contrac-

tion ; as urine enters, the muscles relax slightly, and,

provided the urine is not introduced too rapidly, allow

an accumulation of about 250 c.c. ; when this point has

been reached, rhythmic contractions appear and increase

in force as distention goes on. The exit of the urine

into the urethra is prevented by the elasticity of the

neck of the bladder and of tlie surrounding parts, and,

almost surely, by a reflex tonic contraction of the cir-

cular coat of muscle at this point. As the bladder fills

a desire to urinate is felt. The emptying of the bladder

may perhaps be instituted by a voluntary inhibition of

the center which exerts a tonic control over the circular

layer of muscle surrounding the neck of the bladder

;

at the same time, a volimtaiy contraction of the abdo-

minal muscles raises the intravesical pressure, and

assists in the expulsion of the urine. The chief

factor in expelling the urine is, however, the reflex

contraction of the muscular wall of the bladder

itself. The exit of urine may be prevented or retarded

by a voluntary contraction of the perineal muscles.

After division of the spinal cord in the thoracic region,

micturition may be carried on reflcxly by centers

situated in the lumbar cord. Tlie bladder is innervated

through two sets of nerves ; one set, leaving the lumbar
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region, enters the sympathetic, and, reaching the in-

ferior mesenteric gangha, is here connected with gan-

glion cells from which originate post-ganglionic fibers

;

these are distributed to the bladder through the hypo-

gastric nerve and plexus. Stimulation of these nerves

excites weak contractions of the bladder-Avall, but

sometimes the result is an inhibition of these muscles.

The other set of fibers leaves the cord in the sacral

nerves, and, without entering the sympathetic, reaches

the hypogiastric plexus through the nervi erigentes.

These fibers end in small ganglia, situated in or near

the bladder-wall, where they come into contact relations

with the cells whose axons form the post-ganglionic

link in this chain. These nerves, when stimulated,

cause strong contractions of the bladder and expulsion

of the urine. If the lumbar region of the spinal cord

is destroyed, all nervous control over the bladder is

lost, but, in the dog, the bladder empties itself at irregu-

lar intervals, a stimulus being afforded to tlie muscle by
the stretching which results from distention ; in man,
the urine accumulates in the bladder to a certain extent,

and, after tliis, as the urine enters from the ureters, the

excess drains ofP through the urethra.

Secretion of Sweat.—The sweat is a watery fluid

containing but a small percentage of solid matter.

Sodium chlorid forms the chief solid constituent ; there

are also present other salts, fatty acids, and traces of

urea. The sweat is ordinarily acid in reaction ; but if

abundant, is neutral or alkaline. In uremia the amount
of urea is sometimes much increased. The amount of

sweat secreted naturally varies considerablv, being: much
greater in warm than in cold weather. Ordinarily, the

sweat evaporates as fast as it reaches the surface ; this

is called invisible or insensible perspiration. The
amount of insensible perspiration depends upon the

9
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condition of the surrounding atmosphere ; if the air be

moist, less of the sweat will evaporate and the skin

will be visibly damp ; if the air be dry and warm,

evaporation will go on more rapidly and the skin may
appear dry, though the secretion may in reality be

more abundant. When the skin is flushed, the secre-

tion of sweat is usually, but not necessarily, increased.

An abundant supply of blood to the sweat glands favors,

but does not provoke, their activity, which is controlled

by definite secretory nerves. These nerve-fibers leave

the thoracic and upper lumbar regions of the spinal

cord, and end in the ganglia of the lateral sympathetic

chain ; the post-ganglionic fibers, which arise from cells

in these ganglia, pass through the gray rami to .the

various spinal nerve-trunks, and are distributed, through

the cutaneous branches of these, to the sweat glands.

The course is similar to that followed by the vasocon-

strictors. The pre-ganglionic sweat nerves for the skin

of the face and head end in the superior cervical

sympathetic ganglion. It is not know^n whether there

exists in the medulla a cliief sweat center to which the

spinal sweat centers are subordinate. As is well known,

sweat may be secreted as a result of the emotions ; in

such cases the spinal centers are stimulated by invol-

untary nerve impulses descending from the brain ; they

cannot be voluntarily controlled. The secretion of

sweat is ordinarily a reflex event arising from the

stimulation of afferent cutaneous nerves, as by the

application of heat. That it is not a result of the direct

stimulation of the glands by heat is shown by the fact

that exposure to heat, after the division of the nerves

of a part, does not cause sweating of the paralyzed

area. At the same time, the impossibility of provoking

the secretion by increasing tlie blood su})ply is demon-

strated, for, owing to the division of the vasoconstrictors,
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the skin will be flushed, yet it will remain dry. On
the other hand, stimulation of the peripheral end of the

divided nerve, although it will bring about a paling of

the skin, through the stimulation of the vasoconstrictors,

will cause sweating of the part by exciting the sweat

nerves. The result of stimulating the renal nerves has

an entirely different effect on the secretion of urine.

The sweat centers may be directly stimulated by a

rise in the temperature of the blood, or by venous

blood. Atropin prevents the secretion of sweat by
paralyzing the terminations of the secretory nerves

;

pilocarpin causes sweating by stimulating either the

terminations of these nerves or the gland cells them-

selves ; it possibly acts in both ways. Strychnin causes

secretion by its action on the spinal cord ; nicotin acts

chiefly on the centers, but to a certain extent on the

peripheral mechanism.

The sebaceous glands of the skin have not been

shown to be controlled through the nerves. The sebum
excreted by these glands consists of the debris which

results from tlie degeneration of the epithelial cells of

the glands themselves. It is an oily liquid made up
of fats, fatty acids, cholesterin, proteid, salts, and
water.

The ill effects of coating the skin with varnish are

not due to interference with excretion through the cuta-

neous glands, but to the resulting dilatation of the cuta-

neous vessels and consequent loss of heat.

The Secretion of Milk.—Unlike the sebaceous and

sweat glands, to which it is nearly related, the mam-
mary gland is only occasionally active ; in the male,

with very infrequent exceptions, never. That the

activity of this gland may, to a certain extent, be in-

fluenced by the nervous system is proved by the fre-

quent instances of the cessation or modification of lac-
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tation as a result of emotions or nervous disorder.

There is, however, little or no experimental evidence

from which we can gain an insight into the mechanism.

Milk consists chiefly of water, holding in solution pro-

teids, carbohydrates, and inorganic salts ; and in sus-

pension, globules of fat. The chief proteid, or nucleo-

albumin, is caseinogen ; in addition, there are smaller

quantities of albumin and globulin. Lactose is the

chief carbohydrate, and occurs in larger amount than

the caseinogen. The fat consists of stearin, palmitin,

olein, and smaller quantities of other fats. The inor-

ganic constituents, with the exception of iron, closely

correspond, in the proportion which they bear to one

another, to those of the new-born animal.

Before lactation begins the alveoli of the gland en-

large and the epithelium itself thickens, while the cells

probably multiply. There appear within the cells, more
particularly near their free border, granules and fat

droplets which are extruded into the alveoli. The secre-

tion first formed contains numerous degenerated cells,

which are probably leukocytes that have wandered
through the epithelium ; this first portion of the secre-

tion is known as colostrum. It contains a larger pro-

portion of proteids than normal milk, but no caseinogen.

The composition of milk is influenced by the diet
;
pro-

teid food serving best for the production of much fat

;

the fat is not necessarily formed from proteid, though in

all probability it is. Proteid food also favors the for-

mation of a milk rich in carbohydrates. No one sup-

poses that milk is a filtrate from the blood plasma

and lymph ; the constituents difler too widely from those

of the latter. The lactose may be formed from either

the dextrose or tlie proteids of the blood ; the caseino-

gen can originate from the proteids only. As the milk

accumulates in the large ducts, the back pressure seems
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to inhibit further secretion ; bat on withdrawing the

milk from the gland, secretion is renewed. The appli-

cation of external pressure is sometimes used, in con-

junction with atropin, to curtail the period of lactation.

QUESTIONS FOR CHAPTER VI.

What are the most prominent differences between the composi-

tion of the blood plasma and that of the urine ?

What readily diffusible substance is found in the blood, but not

in the urine ?

What nondiffusible substance, when it is introduced into the

blood, appears in the urine ?

Carefully compare the effect of dividing the renal nerves, with

that of stimulating them, (a) in regard to the renal blood supply,

and (6) with respect to the secretion of urine?

Make a similar comparison of the effects of dividing and stimu-

lating the sciatic nerve on the blood supply and activity of the

sweat glands of the leg ?

Compare the nature of the control exercised by the nervous sys-

tem, on the one hand, over the secretion of urine, on the other,

over the secretion of sweat ?

Under what circumstances may the quantity of urine in health

fall considerably below the average ?

What effect have the seasons on the specific gravity of the urine ?

How do you collect twenty-four hours' urine ?

Why does the injection of a large quantity of normal saline so-

lution into the vessels cause diuresis ?

Supposing that the sodium chlorid of the plasma were incapable

of passing from the glomerulus into the capsule, would the blood

pressure required for the filtration of water be greater or less than

the normal ?

• How do you account for the fact that the urine is, in respect to

inorganic constituents, more concentrated than the plasma?

Would you expect the reaction of the urine to vary with its

specific gravity ? Wliy ?

What effect has the administration of alkalies on the relations

existing between different nitrogenous compounds of the urine ?
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What is the simplest method of producing diuresis ?

Which of the normal constituents of the blood plasma, when
present in excess, cause diuresis ?

How would the secretion of urine be affected by increasing the

percentage of proteids in the blood plasma?

How may the reaction of the urine be caused to resemble that

of the blood ?

How does starvation modify the urine of the herbivora ?

What relation exists between the amount of blood supplied to

the kidney and the reaction of the urine ?

How may we determine whether a drug which exerts an influ-

ence over the secretion of sweat acts upon the sweat centers or on

the peripheral mechanism ?

How may we determine whether, on application of heat to the

skin, the sweat glands are stimulated directly or reflexly ?

«
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ANIMAL HEAT,

The temperature of the body depends upon the liber-

ation, in the form of heat, of the potential energy in-

troduced in food. This is set free, not only from the

food that has been absorbed and assimilated, but to a

less extent from the food as it undergoes digestion in

the alimentary canal. The larger proportion of heat is

produced in the muscles, the process being under the

control of the central nervous system. Next to the

muscles in heat production come the glands, more

especially the liver. In order that the temperature may
remain constant, as it does within very narrow limits,

exactly the same amount of heat must be liberated

within the body as is given off from the surface and lost

in the excreta. If the production of heat fails to keep

pace with the loss, the temperature sinks ; if the pro-

duction of heat is more rapid than the loss, the tempera-

ture goes up. Both production and loss are very vari-

able, but in the normal condition the one keeps pace

with the other. In fever, if the temperature remains

constant, the same is true ; but in this case the adjust-

ment fails during the rise of temperature.

If a cold-blooded, or poikilothermic, animal is ex-

posed to cold, its temperature sinks to that of its sur-

roundings ; on exposure to heat its temperature rises.

Warm-blooded, or homoiothermic, animals behave quite

otherwise ; for instance, a dog was placed in a chamber
135
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the temperature of which was —91° C. (—130° F.)

;

the first effect was a slight rise in the dog's tempera-

ture.

The metabolism of the muscles is governed by the

central nervous system, and the cells of the nervous

system are subjected to afferent impulses coming from
the periphery; for instance, from the skin. If cold be
applied to the skin, it stimulates certain afferent nerves,

which in turn transmit impulses to the central nervous

system, and cause the dispatch of efferent nerve im-

pulses which hasten the chemical changes within the

muscles ; more material is oxidized within the muscle,

and more heat is produced. If the cold be at all in-

tense, the increased metabolism of the muscle will find

visible expression in shivering, which consists of weak
incoordinated contractions. The value of shivering is

apparent. At the same time there occurs a reflex con=

striction of the cutaneous arterioles, brought about by
the stimulation of the vasoconstrictor center through the

afferent nerves of the skin. In consequence of this con-

striction, less blood will flow through the superficial

vessels, and the loss of heat will be much less than it

would be were more blood brought near the surface.

The animal will feel cold, owing to the cooling of the

surface and peripheral terminations of the sensor}^ nerves,

which carry impulses toward the brain, but its temper-

ature may, in reality, be a little higher than usual.

Amongst the afferent nerves of the skin are two sets of

fibers whose peripheral terminations are so specialized

that they are stimulated by slight changes of tempera-

ture. One set is stimulated by cooling, and transmits

impulses which, on reaching the brain, give rise to a sen-

sation of cold ; they are unaffected by warmth. The
other set is stimulated by a rise of temperature, the re-

sulting sensation being one of heat. Whether the reflex
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eifects of changes of temperature are produced through

these nerves is uncertain, but highly probable.

The metabolism of the muscles is controlled by nerve-

cells situated in the spinal cord, and these have been

called thermogenic centers ; there is no reason to sup-

pose that these cells are other than the ordinary motor

nerve cells which govern the contraction of the muscles.

They do not appear, in the absence of higher centers, to

afford a mechanism which, on exposure to cold, suffices

for the regulation of the temperature, through increased

production of heat ; for tlie animal whose spinal cord

has been divided in the cervical region behaves as a

cold-blooded animal ; its metabolism is depressed by ex-

posure to cold, increased by exposure to heat. The
activity of the thermogenic centers of the cord appears

to be regulated by centers situated in some higher

portion of the central nervous system, these latter

centers being influenced by the afferent impulses which

are inaugurated by changes in the temperature of the

surroundings.

A warm-blooded animal may be exposed to great

heat and yet maintain a constant body-temperature.

This is due, not so much to a lessened production of heat,

as to an increased loss of heat from the surface. The
application of warmth to the skin brings about a reflex

dilatation of the cutaneous vessels ; the skin flushes, more
blood being brought near to the surface. If, however,

the temperature of the surrounding atmosphere be much
greater than that of the body, the effect of this event,

taken by itself, would be a rise of body-temperature, for

heat would be transmitted from the air to the blood.

This, in the normal condition, does not happen, unless

the heat be intense or the exposure be prolonged. We
have already seen that the application of heat to the

skin causes a reflex secretion of sweat ; in the evapo=
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ration of this sweat, a large quantity of heat is absorbed

from the blood and carried off, as latent heat, in the re-

sulting watery vapor. This is the most potent factor in

preventing a rise of body-temperature on exposure to a

warm atmosphere. It will be readily understood that

the cooling of the skin in this way will be materially in-

fluenced by the state of the surrounding air. If the air

be dry, evaporation will be favored ; if moist, retarded.

The eifect of a hot bath is to raise the temperature of

the body, for water is a much better conductor than air,

and if warmer than the blood, will rapidly give up heat

to the latter ; at the same time, evaporation from the

immersed skin will be prevented. A bath in water at

45° C. would soon prove fatal, while exposure to dry

air at 125° C. might be borne with impunity for 'the

same length of time. The first eifect of a warm bath is

a slight rise of body-temperature ; after the l)ath is over

there is a slight fall, but a return to normal soon follows.

Although a cold bath abstracts much heat from the

body, the metabolism is so stirred up that the first eifect

may be a slight rise of body-temperature ; if the bath

be prolonged, a slight fall may result, but on leaving

the water the temperature rises a little above normal.

An animal which possesses much subcutaneous fat is

])etter protected from a loss of heat than one that is lean.

The involuntary regulation of the body-temperature may
1)6 voluntarily assisted by the donning or doifing of

clothing, and by taking or abstaining from exercise.

The average axillary temperature is about 37. 1 °(98.8 °

F.V Small daily variations occur, the temperature

bemg lowest between midnight and early morning,

highest in the late afternoon ; the eifect of a meal is to

slightly raise the temperature. If a warm-blooded
animal is exposed to such intense cold that the height-

ened metabolism cannot keep pace with the great loss
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from the surface, the temperature, after the preliminary

rise, gradually sinks ; unconsciousness supervenes, and
is followed by death. The hibernating animals with-

stand the fall of body-temperature, which may go almost

as far as 0° C, without ill effects. Metabolism pro-

ceeds at a minimal rate ; the heart-beat is weak and in-

frequent ; respiration is depressed and irregular, and
the respiratory exchange almost ceases. The respiratory

quotient sinks, for oxygen may be stored in the body

;

the animal may, in this way, gain slightly in weight.

Cold-blooded animals may be frozen solid, and by
gradual thawing be resuscitated ; a snail has been re-

duced to a temperature of—1 20° C. without succumbing.

In this case metabolism, of course, ceases ; life becomes
latent.

Changes of temperature affect proteid metabolism

very little ; the increased production of heat which
ensues on exposure to cold is accomplished at the ex-

pense of the nonnitrogenous foods.

A warm-blooded animal poisoned w^ith curari reacts

to changes of temperature as though it were cold

blooded. Curari paralyzes the terminations of the

motor nerve-fibers, and thus deprives the central nerv-

ous system of its control over the chief thermogenic

tissue of the body.

QUESTIONS FOE CHAPTEE VII.

If heat is being continually produced within the body, why does

not the temperature of the body continually rise?

What nervous centers are concerned in regulating the loss of

heat ?

Does the activity of these centers usually vary in the same direc-

tion?

In vrhat respects is the regulation of body-temperature affected

by a division of the afferent cutaneous nerves ?
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After this operation, will an animal better withstand exposure

to heat or cold ?

Compare the effect on the regulation of body-temperature which

results from division of. the ventral spinal nerve-roots with that

which follows division of the sympathetic rami communicantes. In

the former case, what reflex ^vhich normally follows exjiosure to cold

will be prevented, while in the latter case it persists ? What cold

and heat reflexes will be rendered impossible in each case ?

In very hot weather, will the administration of atropin tend

to raise or lower the body-temperature ?

Can we by means of the clinical thermometer determine the

rate of heat production or heat loss ?

Under what circumstances may the temperature of the body rise,

while the production of heat remains constant ?

Does a fall of body-temperature always depend on lessened heat

production ?
*

The sensation of warmth which on a cold day results from drink-

ing alcohol is due to the warming of the skin by an increase in the

cutaneous circulation, the activity of the constrictor center being

depressed b}^ the alcohol. What is the effect on the temperature of

the body as a whole ?
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MUSCLE AND NERVE*

The physiology of muscle and nerve is best and most

profitably studied in the laboratory ; only a mere outline

of the subject need be given here.

The general properties of skeletal^ cardiac, and plain

muscle are the same, but display minor diiferences.

Skeletal muscles may be controlled by the will, but are

also subject to reflex influences. The contraction of

cardiac muscle is independent of, but regulated by, the

nervous system. Plain muscle, with the exception of

the ciliary muscle, is beyond the control of the will ; its

contraction is ordinarily reflex, but if it be deprived of

nervous influence, it may develop an independent toiie.

The ease with which chemical changes may be set going

within normal muscle renders it irritable ; that is, it is

capable of responding to a stimulus. Cardiac muscle is

more irritable than plain muscle
;
plain muscle than skel-

etal. Muscle responds to mechanical, thermal, chemical,

and electrical stimuli, and to the normal nerve impulse

the nature of which has not been determined. In order

that the application of a force may act as a stimulus it

must be of sufficient intensity and duration, and must not

be too gradual. On the application of a stimulus, a mus-
cle shortens and thickens without changing its bulk

;

this is called contraction. That muscle is directly irri-

table may be shown by paralyzing the terminations of
141
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its motor nerve with eurari ; in this condition it is still

responsive to a stimulus.

Muscle is extensible, but does not stretch in propor-

tion to the force applied; as the elongation is increased,

the extensibility becomes less and less. On cessation

of stretching, or other distortion, muscle, by virtue of

its elasticity, resumes its normal shape.

When a muscle is stimulated it contracts, but there

is a momentary delay in the appearance of the mechan-

ical change ; this is known as the latent period of mus-

cle. When the stimulation is direct, the latent period

amounts to about 0.004 second ; if the muscle be indi-

rectly stimulated, by applying tlie excitant to its nerve,

the latent period is prolonged to about 0.007 second,

the extra delay being due to the motor end-plate ; in

addition to this, the time which elapses between the

stimulation of a nerve and the beginning of the mechan-

ical response of the muscle will be influenced by the

length of nerve over which the nerve impulse has to

travel. The average rate of transmission of the nerve

impulse is about 50 meters per second. The contrac-

tion produced by a single induction shock lasts about

0.1 second, but varies with the resistance offered and

with the condition of the muscle. The contraction of

plain muscle is very much more prolonged. The con-

traction of muscle may be divided into the period of

sliortening and the period of relaxation, the former being

of somewhat less duration than the latter. The con-

traction of a muscle-fiber is not coufincd to the point

stimulated, but sweeps over the Avhole fiber, as a wave,

with a velocity of, in human muscle, about 10 meters

per second.

Tlie extent of shortening varies with the condition of

the muscle, the strength of stimulus, the weight lifted,
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the way in which the weight is applied, etc. Other

conditions remaining the same, the degree of shortening

is less in a fatigued than in a fresh muscle ; the short-

ening occurs rather more slowly ; the relaxation is very

much prolonged. Fatigue depends on several factors

;

it is due in part to the consumption of the store of

energy-containing material, in part to the accumulation

of waste products. The motor nerve-ending is more

sensitive to fatigue than the muscle itself. The cells

of the central nervous system concerned in producing

muscular contraction are also subject to fatigue. Con-

traction is much prolonged by veratrin and by adrenal

extract. If, beginning with a current too weak to pro-

voke contraction, successive single induction shocks of

gradually increasing strength be passed through a mus-

cle, a point will be reached where a just visible contrac-

tion results ; this is known as a minimal stimulus. On
further increasing the strength of stimulus, the extent

of shortening will go on increasing up to a certain point,

when the maximal contraction of which tlie muscle is

capable will have been reached. Further increase of

stimulus will not increase the extent of shortening. If,

however, the muscle be stimulated at short intervals,

with a stimulus that is just sufficient to cause a maxi-

mal contraction when the muscle is fresh, until it shows

signs of fatigue, a further increase in the strength of

the stimulus may now provoke a contraction equal to

that of the fresh muscle.

Cardiac muscle responds to even a minimal stimulus

with a maximal contraction.

If a muscle be caused to lift a load, any addition of

weight will reduce the height to which the load is lifted,

thouo-h it does not necessarilv diminish the amount of

work done. The work accomplished is the product of
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the load by the height to which it is raised. If the

muscle contracts without lifting a load, no external

work is done ; the energy resulting from the chemical

change, upon which contraction depends, is all liberated

as heat. If so great a resistance is opposed to the active

muscle that it cannot shorten, no work is done, the

energy set free all appearing in the form of heat. When
the muscle is working to best advantage, not more than

one-fourth of the energy set free is converted into work,

and it is quite possible that even this one-fourth is first

set free as heat which, by causing the anisotropic fibrillse

to absorb water, brings about their shortening.

The efficiency of all three kinds of muscle is greatest

when they contract against a certain amount of resist-

ance.

So far we have considered only the single contraction,

or twitch, of muscle. In the body it is comparatively

seldom that a muscle contracts for so short a period as

0.1 second ; usually the contraction is more prolonged,

and probably consists in the fusion of a number of sin-

gle contractions, which are provoked by successive stim-

uli following each other so rapidly that time is not

allowed for relaxation. Ifthe voluntary contraction of

muscle be graphically recorded, the tracing shows a slight

rhythmic oscillation at the rate of about 10 to 12 per

second, which appears to depend on the dispatch, by
motor nerve-cells of the cord, of successive nerve im-

pulses following each other at this rate. A similar

f(jrm of contraction may l)e caused by artificial stimula-

tion of muscle with rapidly repeated induction shocks.

When the stimuli are so rapidly repeated that a graphic

record shows no undulations, the contraction is spoken

of as complete tetanus ; if time is allowed for a partial

relaxation between contractions, it is an incomplete

tetanus.



IRRITABILITY. 145

The breaking induction shock, when a submaximal

stimulus is used, is more effective than the making
shock ; this depends on the induction apparatus. When
the voltaic, constant, or battery current is used, closing

the circuit (or making the current) is more effective than

opening the circuit (or breaking the current). This de-

pends upon changes in the irritability of the muscle, or

nerve, as the case may be, produced by the passage of

the current. The irritability of the muscle or nerve is

raised at, and in the neighborhood of, the negative elec-

trode, or kathode ; it is lowered at the anode and in its

neighborhood. It is supposed that a sudden rise of irri-

tability serves as a stimulus. When the current is made,

the irritability of the muscle is suddenly raised in the

neighborhood of the kathode, the muscle is stimulated

at this point, and a contraction instituted which travels

along the muscle ; the anodal end remains relaxed until

this wave of contraction reaches it. The muscle as a

whole then relaxes, though the kathodal end maintains

a slight degree of shortening. This continues as long

as the current flows evenly ; when it is broken, the irri-

tability of the anodal end, which had been depressed

below the normal, suddenly rises to normal or a little

above it, and, if the current be of sufficient intensity, a

contraction will originate at this point. If the current

be weak, no contraction will result, for the anodal stim-

ulus is not so effective as the kathodal. The relative

efficiency of kathodal and anodal stimuli may bear some
relation to the fact that, in the case of the former, the

rise of irritability is from normal upward, while, in that

of the latter, it is a return to normal from a point below
it. If the current does not flow evenly, but rises or

falls in intensity, there are corresponding changes of

irritability in the muscle, and these may act as stinmli.

If a nerve which is connected with a muscle is stim-
10
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ulated by a constant current, tlie contraction of the

muscle will depend upon the direction in which the

current flows, and upon its intensity. What happens

is shown in the following table, which illustrates the

so-called law of contraction. If, when a current is

passed through a nerve, the anode is nearest the muscle,

it is called an ascending current ; if the kathode is next

the muscle, a descending current.
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anode easily reaches the muscle, the impulse which re-

sults from makino^ the current, and starts from the

kathode, is by the lessened conductivity prevented from

passing along the nerve, and no contraction ensues.

On the other hand, with a descending current we get a

making contraction, for the impulse starts from the

kathode which is near the muscle, while the impulse

provoked by the anodal stimulus fails to traverse the

anodal area of depressed conductivity, and we get no

breaking contraction. The condition induced in a nerve

by the passage of a constant current is known as elec=

trotonus ; that at the anodal end, anelectrotonus ; at the

kathodal end, katelectrotonus. In order to stimulate a

nerve in the intact body, one electrode is usually placed

over the course of the nerve, the other on some indiffer-

ent part of the body, at, perhaps, some distance from

the first. Under these circumstances, we cannot expect

to obtain a demonstration of the law of contraction just

described, for the current, instead of being confined to

the nerve, will pass obliquely through it : if the anode

be over the nerve, in a sheaf of diverging lines ; if the

kathode be over the nerve, in converging lines. In the

former case the anelectrotonic area will be narrower

than the katelectrotonic area ; in the latter case the con-

ditions will be reversed. Where the lines of force are

the more concentrated, the current will be denser and

its effects more pronounced. With a weak current,

therefore, a contraction of the muscle (which is inner-

vated by this nerve) will be most readily excited by the

stronger of the two forms of stimulus, the making,

when the area of katelectrotonus is concentrated by
placing the kathode over the nerve. With an intensity

of current only just sufficient to give this result, no

contraction can be obtained on breaking the current if

the kathode is over the nerve ; no contraction occurs at
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the make or break Avhen the anode is over the nerve.

If we now increase the strength of the current Httle by
little, and use first one electrode and then the other

with each rise in intensity, we shall reach a point at

Avhich, in addition to the result already obtained, we
get making and breaking contractions when the anode

is over the nerve. Of these, only the breaking con-

traction results from true anodal stimulation ; the mak-
ing contraction results from stimulation of the nerve in

the katelectrotonic area. The katelectrotonic area is

more diffuse than the anelectrotonic when the anode is

over the nerve, but the greater efficiency of the katho-

dal stimulus equalizes the effects of the make and

break. The strength of the current must be still fur-

ther increased before we can obtain a breaking con-

traction with tlie kathode over the nerve, for with this

arrangement the area of anelectrotonus is more diffuse.

The results thus obtained will have appeared as fol-

lows :

Current.
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closing contraction ; AOC, anodal opening contraction,

etc., closing the circuit being synonymous with making
the current ; opening the circuit, with breaking the

current. AVhen the nerves of a muscle are degenerat-

ing, the reaction, for some reason, varies from the

normal, the anodal closing contraction being obtained

with a weaker current than the kathodal closing con-

traction ; this is known as the reaction of degeneration,

and affords a means of diagnosis. Another important

means of determining the condition of a muscle de-

pends upon the fact that after the degeneration of its

nerves, a muscle no longer responds to the induced
current, while its irritability to the constant current

rises above the normal. Its irritability should be

compared with that of the corresponding muscle on the

opposite side of the body. If the nerve fails to regen-

erate, the nuiscle, in time, undergoes complete atrophy.

When a muscle or nerve is injured at a certain

point, the electric potential at this point is lowered ; the

injured portion becomes negative as compared with the

uninjured portion. If the injured and uninjured parts

be connected by means of a conductor,—a wire, for

example,—a current will flow through the conductor

from the uninjured, or positive, to the injured, or

negative, pole of the muscle. This is called the cur-

rent of rest, or demarcation current. When a nerve

has been divided and is dropped back into the wound,
the surrounding lymph may serve to connect the in-

jured with the uninjured portion of the nerve, a cur-

rent will be set up, and the nerve may be stimulated;

this must be taken into account in experimenting upon
divided nerves.

Not only is an injured part of nerve or muscle elec-

trically negative to uninjured parts, but active parts are

negative as compared with resting parts ; consequently
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when an uninjured portion of muscle or nerve becomes

active, the difference of potential between this point

and an injured point will be lessened, and, if the two

points are connected by a conductor, tlie demarcation

current will be, for the moment, weakened; this weak-

ening of the demarcation current is called the negative

variation.

Every nerve-fiber is an outgrowth from, or a process

of, a nerve-cell. A nerve-cell usually has several pro-

cesses ; one, the axis-cylinder process, or axon, becomes

a nerve-fiber ; the others branch freely and are usually

very much shorter than the axon ; they are called den=

drites, or protoplasmic processes. A nerve-cell with

its processes constitutes a neurone. Each process, is

dependent for its existence upon connection with the

parent nerve-cell ; if a nerve-fiber be divided, the por-

tion that is cut off* from the cell invariably dies ; re-

generation can only occur through the growth of that

portion of the axon which remains in connection with

the nerve-cell. Division of the axon produces secon-

dary effects on the cell itself ; the cell-body shows signs

of degeneration which, if regeneration of the axon does

not occur, usually becomes complete. If conditions

are favorable to regeneration and the axon grows out

to, and makes physiologic connection with, the muscle,

the cell recovers.

The nerve-cells of the posterior spinal root ganglia

are originally bipolar ; they give off but two processes.

Later, these two processes unite for a short distance,

rendering the cell-body unipolar. Each process l)e-

comes a medullated nerve-fiber ; one, distributed to

peripheral structures, functions as a dendrite ; the other

enters the spinal cord and is undoubtedly an axon.

These cells suffer less from a division of their processes

than is the case with the cells of tlie spinal cord which

give off efferent fibers.
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Nerve-cells dispatch impulses through their axons

;

they are excited by stimulation of their dendrites. A
nerve-fiber, if stimulated midway in its course, trans-

mits impulses in both directions, but a visible result

occurs at one end only. In the case of an efferent

nerve-fiber,—a motor fiber, for example,—the only

appreciable result is muscular contraction (except that,

by means of a galvanometer, an action current may be

shown to travel along the nerve in both directions) ; no

change appears to be caused in the motor cell by the

entrance of the impulse. In the case of an afferent

nerve-fiber, stimulated midway between the periphery

and the spinal cord, the visible result is brought about

by the central discharge of the impulse in the spinal

cord ; no effect can be shown to occur at the periphery.

When an impulse travels along a nerve-fiber, it spreads

into any branches that are given off; the result of this

is that if one branch of a motor nerve-fiber be stimu-

lated near its muscular termination, the impulse which
passes up the fiber toward the spinal cord will spread

into any branch that happens to be given off at a

higher level, and traveling down this, may cause the

contraction of another muscle-fiber. This is called a

pseudo=reflex. It is probable that a similar event may
occur on the stimulation of the central termination of

an afferent nerve-fiber within the spinal cord ; the im-

pulse passing back along the fiber may spread through

a collateral branch which is given off from a point

nearer to the parent cell, and stimulate other nerve-cells

in the neighborhood of which this collateral ends. (See

Fig. 7.)

Nerve-fibers do not seem to be susceptible of fatigue
;

they may be stimulated for many hours without loss of

irritability or conductivity ; their terminations, how-
ever, are readily fatigued. The conductivity of a
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nerve-fiber may be temporarily suppressed by freezing,

or by pressure, or by exposure to ether vapor, etc.

;

also, as we have seen, by the passage of a constant

current. If a nerve be crushed, its conductivity at

this point is destroyed. If a nerve be divided and the

two ends brought together, an impulse cannot be trans-

mitted across the gap, continuity of the axis-cylinder

being necessary to conduction.

The Chemical Composition of Muscle.—Muscle

consists of the following constituents: water, 75^ ;

proteids, including paramyosinogen, myosinogen, and
albumin, 20 ^ ; fats, glycogen, phosphocarnic acid, and

inorganic salts, in small quantities; and waste products

of muscular metabolism, such as kreatin, xanthin bases,

sarcolactio acid, etc.

Mammalian muscle, when its blood supply is shut

off, very soon loses its irritability, and before long goes

into rigor mortis. In this condition it is less elastic

and less extensible, and, if no resistance be oflPered, it

shortens ; like that of contracting muscle, its reaction

becomes slightly acid. Tlie rigidity depends upon the

precipitation or coagulation of paramyosinogen and myo-
sinogen, these being converted into insoluble myosin.
If perfectly fresh muscle be frozen, and subjected to

pressure, there may be expressed from it a liquid of

syrupy consistence called muscle plasma. If kept cold,

the plasma remains liquid, but if warmed, it clots
;

from the clot separates a serum, of which the reaction

is acid. The clot consists of myosin; the serum con-

tains albumin. The proteids of muscle may be ex-

tracted by means of a 10^ solution of ammonium
chlorid, or a 5

J?^
solution of magnesium sulphate ; on

dilution, the extract clots, especially if it be kept warm.
If before clotting occurs the extract be heated, the

diiferent proteids will be found to coagulate at different
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temperatures. Paramyosinogen coagulates between 47°

and 50° C. ; myosinogen, between 55° and 60° C. ; the

albumin, at about 73° C.

QUESTIONS FOR CHAPTER VIII.

Is the contraction of muscle dependent on katabolic or anabolic

changes ?

AVhat is meant by the conductivity of muscle ?

In order to produce complete tetanus, why is the frequency of

stimulation that is required less in the case of a fatigued than in

the case of a fresh muscle ?

If an isolated muscle has been fatigued by continued stimula-

tion, why does Avashing out its vessels with normal salt solution

tend toward the recovery of its irritability ?

Do the irritability and conductivity of a nerve-fiber always

vary in the same direction ?

What is the effect of treating a muscle with the extract made
from a fatigued muscle ?

If on passing a constant current through a muscle the intensity

of the current be suddenly raised, at which electrode will contrac-

tion begin ?

On stimulating a nerve-trunk in the intact body with the con-

stant current, by the application of which electrode may we expect

to succeed with the Aveakest current ?

If in this respect the response is abnormal, what are we to

conclude ?

If a muscle fails to respond to the induced current, but is

hyperirritable to the constant current, what must we conclude ?

If a nerve has been divided, how can we determine when its

regeneration is complete ?

^Tiat causes an extremity to ''go to sleep " ?



CHAPTER IX.

THE NERVOUS SYSTEM,

The spinal cord, in the grouping of its nerve-cells

and in its relation to the tissues of the different parts

of the body, shows a segmental arrangement, though

each segment is intimately connected with the rest of

the central nervous system.

From each segment arises a pair of spinal nerves,

through which relations with a particular segment of

the body are established; there is, however, an over-

lapping of the innervation of a particular body seg-

ment, so that a given muscle receives nerve-fibers from

two or three segments of the cord; this is especially

the case with the muscles of the limbs. In conse-

quence of this arrangement, a lesion which is strictly

confined to one segment of the cord never deprives any

one muscle of its nerve supply.

Each spinal nerve is connected with the cord by two

roots, a ventral, or anterior, and a dorsal, or posterior,

root, and each of these, where it joins the cord, is di-

vided into several small rootlets, which are shown in

figure 6. If the anterior nerve=root be divided, as at

a, degeneration of the peripheral portion of the root

occurs, and many nerve-fibers will be found to degen-

erate in the common nerve-tnink as far as its termina-

tions in the muscles and sympathetic system. The
fibers of the anterior root arise from cells which are

situated in the gray matter of the cord, at the level of
154
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each fiber's exit. The portion of tlie anterior root which

remains in continuity Avith the cord does not degenerate

at once, for it has not been separated from its parent

cell as is the case with the portion peripheral to the

lesion.

Division of the posterior spinal nerve-root at a point

between the root ganglion and the cord, as at h, figure

6, leads to degeneration of the rootlets which are left in

connection w^ith the cord, and degeneration of the pos-

terior root-fibers may be traced within the cord, up-

ward as far as the spinal bulb, downward for a short

distance only. No degeneration occurs peripheral to

the lesion, for the posterior root-fibers are the axons of

posterior root-ganglion cells, and only that part of a

fiber which is cut oflP from its parent ganglion cell is

destroyed. If the posterior root=ganglion is removed

or crushed, the resulting degeneration destroys not only

the nerve-fibers which have grown from the ganglion

into the spinal cord, but those also which are distrib-

uted to the periphery through the spinal nerve-trunk.

Division of the spinal nerve=trunk at a point periph-

eral to the root-ganglion causes degeneration, peripheral

to the lesion, of all its fibers ; central to the lesion, of

none.

Figure 7 shows the cell connection of the fibers of

both roots. It will be noticed that the peripheral pro-

cess of one posterior root-ganglion cell is represented

as turning aside into tlie anterior nerve-root, instead of

accompanying its fellows down tlie spinal nerve-trunk.

The fibers wliich follow this course are distributed to

the membranes of the cord, etc.

If the nerve-roots be divided as shown in figure 8,

and the peripheral cut end of the anterior root be

stimulated at r/, there will result a contraction of the

muscle Mf to which some of the fibers of this nerve are
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distributed. This result will not be prevented by pre-

vious destruction of the posterior root-ganglion, and
degeneration of the posterior root-fibers. The anterior

root contains motor nerve-fibers which are the axons of

spinal cells. Stimulation of the central cut end of the

anterior nerve-root, at b, produces no visible eflFect, for

the resulting nerve impulses are evidently unable to

spread to other neurones within the cord, though they

probably reach the motor cells whose axons are stimu-

lated.

On stimulation of the central cut end of the posterior

nerve=root, at c, there may occur a reflex contraction

of the muscle M' , and, if the spinal cord be intact

and connected Avith the brain, sensation. The ne^ve

impulses excited in the posterior root-fibers enter the

cord and are transmitted by the ascending branches of

these fibers toward the brain, and by their collateral

branches (Fig. 7) to the motor cells of the gray matter.

Tiie motor cells are thus stimulated, and dispatch

impulses through the anterior root to the muscles which
they innervate. Stimulation of the peripheral cut end

of the posterior root, at c?, produces, as far as can be

determined, no result. Impulses will reach the peri-

pheral terminations of the posterior root-fibers in, for

instance, the skin; but, even if the impulse actually

reaches the structures in which the fiber ends, no effect

seems to be produced.

The fibers of the anterior ner\^e-roots are efferent;

they transmit impulses from the cord to the periphery.

The fibers of the posterior nerve-roots are afferent;

tliey transmit impulses from the periphery to the spinal

cord. An afixireut neurone and an eifercnt neurone

together constitute the simplest form of reflex arc. A
more elaborate form of reflex arc, including three

neurones, is shown in figure 9. As will be seen, this
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form allows a more widespread reflex, through the

stimulation of a greater number of motor cells. The
axons of the central, or mediate, cells do not leave the

central nervous system, but ascend and descend the

cord, thus bringing different levels into communication
with one another. Some cross the median line and
afford a basis for crossed reflexes ; neurones of this class

are called commissural.
The stimulation of the anterior root may give rise to

sensation or to reflexes, for, as has been mentioned
above, some of the posterior root-fibers bend back
toward the cord through the anterior root (Fig. 7)

;

this is called recurrent sensibility.

In some of the low^er animals, for instance, the fish,

reflexes may be carried on by one segment of the cord

after it has been isolated from the rest. As a general

rule, the reflex irritability of the spinal cord is in-

creased by excluding the impulses which normally

descend from the brain. In the spinal animal—that

is, one w^iose cord, or the greater portion of it, has been
separated from the brain—it is easier to predict the

kind of reflex that will be evoked by a given stimulus.

If a spinal dog be held in the vertical position, the

stretching of the skin of the pendent legs will give rise

to a reflex raising of these. A minimal stimulus

applied to the skin will provoke reflex contraction of

muscles on the same side of the body ; if the intensity

of the stimulus be raised, the reflex may spread to the

opposite side also. Reflexes spread tailward more
readily than headward ; it is more diflicult to cause

reflex movement of the foreleg by stimulation of the

skin of the hinder part of the body than to cause move-
ments of the hind limb by stimulating anteriorly. It

is impossible to cause reflex simultaneous contraction

of antagonistic muscles ; if the flexors of a limb con-
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tract, the extensors relax, and vice versa. The relaxa-

tion is due to an inhibition of the motor cells which

control the antagonistic muscles. The skeletal muscles

possess a tone which is of reflex origin ; they are kept

in a state of slight tonic contraction by weak motor

impulses which continually reach them from the spinal

centers, the activity of these centers resulting from the

constant arrival of afferent nerve impulses from the

periphery. If the motor cells be inhibited by impulses

coming to them from the brain, or from a contracting

antagonistic muscle through afferent nerves, their ac-

tivity is lessened and the muscle which they govern is

allowed to relax ; its tone disappears. The division of

its nerve supply puts an end to the tone of a mu^le,

as may be readily understood. During sleep muscular

tone disappears. When a muscle loses its tone, it also

loses what is known as myotatic irritability, which

consists in the power of a muscle, when stretched, to

respond to a mechanical stimulus. The knee=jerk

which is evoked by tapping the patellar tendon when
the extensor muscles are put on the stretch depends

on myotatic irritability ; it is not a true reflex, but is a

response to the direct mechanical stimulation of the

extensors, by the sudden extra tension resulting from

the tap on the tendon. Although it is not a reflex

contraction, it is, nevertheless, dependent on the ex-

istence of reflex muscular tone ; an injury to the reflex

arc, upon the integrity of which muscular tone depends,

abolishes the knee-jerk ; this is the case in tabes dor-

salis, in which the posterior nerve-roots are affected.

The knee-jerk also disappears when injury is done to

the lumbar region of the cord, wherein lie the motor

cells cf»ncerned. On the other hand, a lesion situated

above this region may, by preventing cerebral inhibi-

tion from reaching these cells, render them more irri-
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table than in the normal condition, and result in exag-

geration of the knee-jerk. The extent or absence of

myotatic irritability is, consequently, a symptom of

diagnostic im})ort. The condition of the reflexes

innervated by different portions of the spinal cord is of

great assistance in determining the position of a lesion

;

as instances, the following may be mentioned : the

scapular reflex, controlled by the fifth cervical to the

first thoracic segments
;
palmar reflex, seventh cervical

to first thoracic; epigastric reflex, fourth to seventh

thoracic ; abdominal reflex, seventh to eleventh thoracic

;

cremasteric reflex, first to third lumbar ; knee-jerk,

second to fourth lumbar
;
gluteal reflex, fourth and fifth

lumbar
;
plantar reflex, first and second sacral ; Achilles

tendon reflex, third to fifth sacral. These centers

become hyperirritable when, by injury to the pyramidal

tracts, the control exercised by the brain is eliminated,

though, in man, complete division of the cord is

followed by depression of the centers situated below the

lesion. The reflexes are abolished by degeneration of

the spinal centers which control them ; the muscles

concerned show the reaction of degeneration, are hyper-

irritable to the constant current, lose their irritability

to the induced current, and finally atrophy.

The Sympathetic System.—In the thoracic and

upper lumbar regions many of the nerve-fibers of the

anterior and posterior spinal nerve-roots do not pass out

to the periphery through the corresponding nerve-trunk,

but enter the sympathetic system througli the white

rami communicantes. The efferent fibers which follow

this course probably originate from a group of small

nerve-cells whicli in these regions of the cord are situ-

ated in the dorsolateral portion of the anterior horn, the

group being known as the intermedio-lateral. These

efferent fibers are medullated, like the other fibers of

11
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the anterior root, but are smaller than the rest. They

all end in one or other of the sympathetic ganglia, and

are called pre=ganglionic sympathetic fibers. The

sympathetic system includes t^yo chains of lateral, or

vertebral, ganglia ; and collateral, or prevertebral, gan-

glia which are found in the solar plexus, mesenteric

plexus, and, smaller ones, in close proximity to the

viscera.

The pre-ganglionic sympathetic fibers which are con-

cerned in the innervation of the vessels, glands, or

musculature of the abdominal and thoracic viscera,

pass through the lateral sympathetic chain, to end in

one of the prevertebral ganglia. Here they make
physiologic connection with sympathetic nerve-cglls,

the relation being one of contact. From the ganglion

cells are given oif the post=ganglionic fibers, usually

nonmedullated, which reach the tissue concerned (Fig. 5).

The pre-ganglionic sympathetic fibers which are con-

cerned in the innervation of the vessels of the skeletal

muscles or in the innervation of the vessels, plain

muscle, and glands of the skin, end in one or other of

the ganglia of the lateral chain. The corresponding

post-ganglionic fibers, which originate here, pass, by

way of the gray rami communicantes, into the spinal

nerves and thus reach the periphery (Fig. 4).

The posterior root-fibers which enter the sympathetic

system are distributed to the viscera (Fig. 10), and

form one of the channels through which aiferent

impulses pass from the viscera to the central nervous

system. Aiferent impulses are also carried from the

heart, lungs, liver, stomach, etc., by the pneumogastric

nerve to the medulhi, and from the pelvic viscera by

the second, third, and fourth sacral nerves to the spinal

cord. Tlie pain resulting from disease of the viscera

is often referred by the patient to a definite area of the



Fig. 10.—The course of an afferent sympathetic fiber.
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skin ; this area being that which is supplied with

afferent fibers by the same dorsal spinal nerve-root

which transmits afferent impulses from the viscus in

question. Even in the case of the skin^ with which

we are so familiar, it is only through past experience

that we are able to localize the point of origin of a

given cutaneous sensation. It would seem that the

afferent nerve-fibers which enter the cord through a

given nerve-root, whether they be cutaneous or visceral,

make very similar connections within the central

nervous system. Thus we are very apt to be misled

into confusing the sensation resulting from an unusual

visceral irritation with those which arise from stimula-

tion of an area whose afferent fibers may discharge

their impulses at much the same point within the cord,

and do so more frequently. lN"ot only does this con-

fusion of sensations exist ; even the reflexes which

may be excited by stimulation of a given cutaneous

area are intensified by irritation of the viscus whose

afferent fibers enter through the same nerve-root.

Whatever the destination of an efferent pre-gangli-

onic sympathetic nerve-fiber, it leaves the spinal cord

in the thoracic or upper lumbar region, and originates

from a cell situated in the cord at the level where it

emerges. These pre-ganglionic fibers all end in sym-

pathetic ganglia, and the post-ganglionic fibers, which

originate from the ganglion cells, are all distributed to

cells (plain muscle, of the vessels, viscera, and skin,

cardiac muscle, and gland cells) the activity of which

is involuntary. The sympathetic system supplies

nerve-fibers of various function; as, vasoconstrictors

and vasodilators, of wide distribution; viscero-motor

fibers, for the s])lcen, uterus and Fallopian tubes, intes-

tines, etc.; cardio-augmentors ; viscero-inhibitory fibers,

such as those supplied to the stomach and intestines;
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pupillo-dilators ; secretory fibers for the salivary, lacri-

mal, and sweat glands, and for the small glands of the

oral, nasal, and pharyngeal mucous membranes
;
pilo-

motors, which control the plain muscle of the skin and

brins: about the erection of the hair and the condition

known as goose-skin.

The arrangement of two other sets of peripheral

nerve-fibers, one set emerging from the central nervous

system in certain cranial nerves, the other, in the (second)

third (and fourth) sacral nerves, resembles that of the

sympathetic nerve-fibers. These fibers, also, are dis-

tributed to gland cells, cardiac and plain muscle-fibers.

Each set consists of pre-ganglionic and post-ganglionic

fibers. The fibers included in the cranial set vary in

function. They are : pupillo-constrictors and fibers of

visual accommodation, in the third cranial nerve ; in

the seventh and ninth cranial nerves, secretory fibers

for the salivary glands, and glands of the lips and

cheek, and vasodilators for the salivary glands, tongue,

soft palate, and floor of the mouth ; in the tenth and

eleventh cranial nerves, viscero-motors for the esopha-

gus, stomach, small intestines, ascending and horizontal

colon ; broncho-constrictors ; cardio-inhibitory fibers
;

and secretory fibers for the gastric glands and pancreas.

The fibers of this class which leave the cord in the.

sacral nerves all pass through the nervus erigens ; they

are viscero-motors for the bladder, descending colon,

and rectum ; vasodilators for the mucous membrane of

the rectum and external genitalia, and inhibitory fibers

for the plain muscle of the latter.

After division of the extrinsic nerves of the intes-

tines, peristalsis may be even more vigorous than usual,

and is probably controlled by a local nervous mechanism
which acts reflexlv. Stimulation of the mucous mem-
brane still causes the characteristic contraction above,
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and inhibition below, the point stimulated. Between

the mn scalar coats of the alimentary canal, extending

from the lower part of the esophagus to the anus, is

the ganglionated plexus of Auerbach, and in the sub-

mucosa is Meissner's plexus ; these appear to act as the

local reflex mechanism for the peristalsis of the intes-

tines. Normally an influence over peristalsis is ex-

erted through the motor fibers of the pneumogastric

and inhibitory fibers of the sympathetic nerves.

Keturning to the afferent nerve-fibers, which enter

the cord through the posterior nerve-roots, we have to

consider the channels through which various sensations

and reflexes are provoked. These fibers are distributed

to the skin, muscles, tendons, viscera, and, in factj to

all parts of the body, save those which receive similar

fibers through the cranial nerves. The skin is sup})lied

with fibers whose peripheral terminations have been

specialized in such a way that they are irritable to a

particular form of stimulus. One set is stimulated by

the application of heat, another by cold, and a third by

pressure. In addition, there are fibers of wider cuta-

neous distribution, the endings of which are less spe-

cialized for response to given forms of stimulus ;. the

sensation resulting from stimulation of these depends

on the intensity of the stimulus ; weak stimulation

ffives rise to an indefinite sensation known as common
sensibility; if the stimulus be strong, no matter whether

it consist in the application of pressure, heat, cold,

chemical irritants, or electric stimulation, the resulting

sensation is one of pain. However, in order to induce

pain the intensity of the stimulus must be greater than

is required to cause a sensation of, for instance, pressure,

when it is aj^plied to a specific nerve-ending. The
degree of temperature to wliich the ending of a cold-

nerve responds depends upon the temperature of the
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skin at the time of application, and upon the rapidity

with which the lowering of the temperature is brought

about. The endings of cold-nerves may also be stimu-

lated by the application of heat, but the resulting sen-

sation is one of cold. The endings of cold-nerves are

more numerous than those of heat-nerves ; the endings

of pain-nerves, more numerous than those of either of

the other varieties.

Many of the afferent nerve-fibers which are distrib-

uted to the skeletal muscles end in muscle spindles,

which consist of several muscle-fibers inclosed in a

connective-tissue covering, within which the nerve-

fibers ramify upon the muscle. When a muscle con-

tracts or is stretched, these nerve-endings are stimulated,

impulses are transmitted to the central nervous system

and give rise to sensations which are described as

muscle sense. By means of these impressions, Ave form
an idea of the force and extent of the contraction of

our muscles, and of the resistance opposed to their con-

traction ; the pressure nerves of the skin are also im-

portant in this respect.

The afferent nerves of the viscera are concerned, for

the most part, in reflexes of which we are unconscious

;

it is seldom that w^e experience visceral sensations

;

operations upon the normal abdominal viscera are pain-

less; yet under certain circumstances these nerves may
transmit impulses which excite intense pain.

As was stated above, the central axons of the posterior

spinal root-ganglion cells, on entering the cord, divide

into ascending and descending branches. The former

are the longer, but vary in length. Both branches

finally end in the gray matter, some ascending as far as

the medulla ; both give off collaterals (Fig. 7), which
also end in the gray matter. The course of these fibers

is in the posterior, or dorsal, columns of white matter,
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each of which is subdivided into a dorsomedian and a
dorsolateral tract (Figs. 11, 12). The fibers ascend at

first in the dorsolateral tract, but, in the case of those of

the lumbar nerves ^vhich reach the medulla, they later

pass over into the dorsomedian tract, and thus reach the

dorsomedian nucleus, or nucleus gracilis of the medulla,

where they end. The dorsolateral tract, when it reaches

the medulla, consists chiefly of fibers which carry

impulses from the upper extremities ; these fibers end
in the dorsolateral nucleus, or nucleus cuneatus.
These two nuclei serve as cell stations for the forward-

ing of impulses to the cerebellum and to the cerebrum,

in response to impulses received from the periphery.

They contain nerve-cells whose axons follow sevGi*al

different paths ; some, the internal arcuate fibers, curve

ventralward, cross the median line, and ascend in the fillet,

or lemniscus, on the opposite side, toward the cerebrum
(Fig. 11). Probably, only the minority of these reach

the cortex ; many of them end at lower levels in, for

instance, the optic thalamus and corpora quadrigemina.

The optic thalamus seems to aiford another cell station

on the way to the cerebral cortex. In the internal cap-

sule the ascending fibers are found in the posterior

portion of the dorsal limb.

The dorsal nuclei are connected with the cerebellum,

througli the restiform body, by two sets of fibers ; one
set, arising from the cells of these nuclei, passes directly

into the restiform body on the same side ; another set, the

external arcuate fibers, follows tlie same course as the

internal arcuates until, the median line having been
crossed, they reach the surface, and, passing in front of

the pyramid, enter the restiform body, and so, the cere-

bellum. The fibers which thus reach the cerebellum

carry impulses to the roof nuclei and cortex of the

inferior vermis. It is highly probable that impulses
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which are concerned in musele=sense ascend the cord

and reach the cerebellum and cerebrum over the paths

just described ; there is some evidence that the im-

pulses concerned in tactile sensibility, pressure sense,

also follow this course.

If the posterior nerve-roots be divided, the degen-

eration of libers within the cord is confined to those in

the dorsal columns. Division of the cord itself is fol-

lowed by the degeneration of not only the dorsal column

I'ig. 12.—The ascending and descending tracts of the spinal cord, in cross-section.

fibers which have entered below the point of lesion,

but of fibers situated in other tracts. Figure 9 shows

central cells whose axons ascend and descend the cord

for short distances, in that part of the white matter

wliich is adjacent to the gray. Many of these will be

divided in making a transverse section of the cord, and
degeneration will occur in that portion of the fiber

which is separated from its parent cell ; in those which

have grown from below upward, and are divided, de-
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generation will occur above the lesion ; those which

have grown downward, and are divided^ will degenerate

below the lesion. In addition to these, fibers of much
greater length will be found to degenerate both above

and below the point of section.

One distinctly marked ascending tract, or tract of

fibers which degenerate above the point of section, is

the direct cerebellar tract (Figs. 12 and 13). The
fibers which constitute this tract originate from a group

of cells which persists throughout the thoracic cord, and
is known as the column of Clarke, or the vesicular cyl-

inder. The group lies at the base of the posterior horn

of gray matter, and toward its median border. In the

neighborhood of these cells many of the dorsal col»mn
collaterals end, and thus bring the group under the

influence of the afferent impulses which enter through

the posterior roots. The direct cerebellar tract ascends

the cord without undergoing decussation and enters the

cerebellum through the restiform body, its fibers ending

chiefly in the cortex of the vermis, partly on the same,

partly on the opposite side. What afferent impulses

are carried by this tract is uncertain. It must be re-

membered that impulses which reach the cerebellum

may cause the dispatch of cerebellar impulses to the

cerebrum, for the two are intimately connected through

the superior cerebellar peduncle, or brachium conjunc-

tivum (Fig. 13).

Another ascending tract is that of Gowers, or the

anterolateral ascending tract (Figs. 12, 14). Its fibers

originate from cells situated in the gray matter, on the

same and on the opposite side of the cord ; they pass

for tlie most part into the cerebellum, some ascending

as far as the level of the inferior corpus quadrigeminum,

and then curving downward into tlie vermis ; others

entering the cerebellum through the restiform body.



Fig. 14.—.Serial sections sluju iiig ilio ^:()lu.^e and cunuectious of tlie anterolateral
ascending tract. (Upper section disproportionately reduced.)
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Mixed with these fibers are some which clo not enter

the cerebelkim, but end in the corpora quadrigemina
and optic thalamus. This tract appears to convey im-
pulses concerned in temperature sensations and pain.

Destruction of the ventrolateral portion of the sj^inal

cord on one side leads to loss of the perception of pain-

ful stimuli^ of heat and cold, when these are applied to

tlie skin on the opposite side of the body below the

lesion.

Of the cranial nerves, the first, second, fifth, both

divisions of the eighth, the ninth, and tenth contain

afferent nerve-fibers. In the case of the fifth, eighth,

ninth, and tenth, these afferent fibers behave much as

do the afferent fibers which enter the cord ; on entemng
the medulla they divide into ascending and descending

branches, the latter being, however, the longer; from
these, collateral branches are given off.

The afferent fibers of the tenth cranial nerve, vagus
or pneumogastric, have a wide distribution and carry

impulses from the heart, lungs, pharynx, larynx, trachea,

esophagus, stomach, intestines, liver, pancreas, and
spleen. These fibers, on entering the medulla, divide

into short ascending branches which end in the nucleus
alae cinereae, and long descending branches which form
the tractus solitarius, or solitary bundle. These give

off many collaterals which end amongst cells, that are

scattered along this tract and form the nucleus of the

solitary bundle. The axons of the cells of these two
nuclei follow a course similar to that of the internal

arcuate fi])ers which originate from the cells of the gracile

and cuneate nuclei. They curve through the reticular

formation to the median line, cross it, and ascend in the

opposite fillet ; some fibers, however, enter the posterior

longitudinal bundk', and ascend in this toward the

brain (Fig. 15). The further course of the fibers which
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Fig. 15.—The aflfereut fibers of the niuth aud tenth cranial nerves.
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enter the fillet is the same as that already described

(Fig. 11). These fibers, before they decussate, give

ofi* collaterals which end in the reticular formation, and

may be supposed to influence the cells of the cardio-

inhibitory, respiratory, and vasoconstrictor centers which

are situated in this neighborhood.

The ninth cranial nerve, or glossopharyngeal, con-

tains afferent fibers which carry impulses from the

tongue, pharynx. Eustachian tube, etc. Its central con-

nections are much the same as those of the pneumogas-

tric (Fig. 15).

The cochlear, or auditory division of the eighth

cranial nerve, consists of afferent fibers which are dis-

tributed to the cochlea, and carry auditory impulses.

These fibers are the axons of the bipolar cells of the

spiral ganglion; in the medulla they end in two nuclei,

the ventral and dorsal cochlear nuclei. The axons from

the cells which form these nuclei pass through the tra-

pezium and striae acusticse, as shown in figure 16, to the

superior olive on the opposite side ; some, however, end

in the superior olive on the same side. Many of the

fibers end in the olive ; others pass through it and ascend,

with the axons of olivary cells, in the lateral fillet.

The fibers of the lateral fillet end on the same side in

tlie inferior corpus quadrigeminum, in the medial gen-

iculate body, and a few in the superior corpus quad-

rigeminum ; and on the opposite side, in the inferior

corpus quadrigeminum. From the geniculate body im-

pulses are forwarded to the cerebrum ; the corpora qnad-

rigemina ])robably act as centers through which sounds

may bring about reflex movements of the head and eyes.

The auditory im[)ulses pass chiefly to the opposite side

of the brain, but it will be seen from tlie diagram (Fig.

16) that there are several means of communication with

the same side of the brain.



12 Fig. 16.—The cochlear nerve.
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The vestibular division of the eighth cranial nerve

consists of afferent fibers which arise from the vesti-

bular ganglion cells. The peripheral processes of these

bipolar cells end in the vestibule and semicircular

canals. This nerve carries afferent impulses, by means

of which we are informed of movements of the head

or of the body as a whole, and which assist in the

reflex and voluntary maintenance of equilibrium. On
entering the medulla at the lower border of the pons,

they end, for the most part, in four nuclei—namely, the

superior, lateral, and medial vestibular nuclei, and the

nucleus of the descending, or spinal, vestibular root.

Some fibers pass directly into the cerebellum. The

axons of the vestibular nuclear cells follow several

different routes ; axons from each nucleus enter, and

ascend in the median fillet and posterior longitudinal

bundle, mainly on the opposite side ; from the lateral

and superior nuclei fibers also pass into the cerebellum,

while others descend the cord ; both these sets probably

play a part in reflex equilibration (Fig. 17).

the fifth cranial nerve, trigeminus or trifacial, con-

tains afferent fibers which carry impulses from the skin

of the face, from the conjunctiva, and from the mucous

membranes of the nose and mouth. Some of the fibers

distributed to the tongue may carry impulses which

result in sensations of taste. The afferent fibers of the

trigeminus originate from cells situated in the Gasserian

ganglion. On entering the pons they divide into very

short ascending branches which end in the chief trige=

minal nucleus, and very long descending branches, the

spinal root, whose collaterals end amongst the cells of

the substantia gelatinosa which forms the nucleus of the

si)inal root. The axons which arise in these nuclei give

off* collaterals in the reticular formation, and probably
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ascend in the median fillet on the opposite side of the
median line (Fig. 18).

The second cranial, or optic, nerve differs entirely
in its method of development from the other afferent

nerves that we have considered ; it may, however, be
described with them. It consists chiefly of afferent

fibers which are the axons of retinal ganglion cells.

Light which falls upon the retina does not stimulate
these cells directly, but takes effect upon the rods and
cones of the outer layer. Between the rod and cone
cells and the ganglion cells, mediate the bipolar neurones
of the retina. The axons of the retinal ganglion cells

enter the optic nerve, and pass along it to the optic
chiasma; here the fibers from the nasal half of the
retina, and some of those which originate from the cells

in the macula lutea, decussate, and enter the opposite
optic tract; the fibers from the temporal half of the
retina do not cross, but proceed through the optic tract

on the same side toward the brain. "The optic tract,

then, contains fibers from the temporal half of the
homonymous retina, fibers from the maculte lute^e of both
eyes, and fibers from the nasal half of the contralateral

retina. These fibers reach and end in the external geni=
culate body, the pulvinar, and the anterior corpus quad-
rigeminum. Axons originating from the cells of these
bodies transmit impulses through the optic radiation to

the occipital cortex, which constitutes the visual area
of the brain. The anterior corpus quadrigeminum forms
a center through which visual reflexes are probably
inaugurated

; fibers originate here which decussate and
descend through the posterior longitudinal bundle into

the spinal cord, giving off, on their way, collaterals

which terminate in the motor nuclei of the nerves which
innervate the muscles of the eye. They very probably
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also bring about reflex turning of the head in response

to visual stimuli (Fig. 19).

The first cranial, or olfactory, nerve consists of the

axons of cells situated in the olfactory mucous mem-
brane of the nose ; the dendrites of these cells reach

the surface ; their axons pass through the cribriform

plate of the ethmoid bone, and enter the olfactory bulb.

The axons end here, in the olfactory glomeruli, in con-

tact with the dendrites of the mitral cells, whose axons

form the second link in the chain which transmits

olfactory impulses toward the brain. The mitral cell

axons run in two directions ; one set enters the anterior

commissure, and, passing through it, reaches, on the

one hand, the opposite olfactory bulb, on the other, the

opposite hippocampus. Of the other set, the majority

of fibers pass through the lateral olfactory gyrus to the

uncus, where they end. The fibers of the medial root

end in the trigonum, where they make cell connections

which bring them into communication with other parts

of the olfactory area. From the cells of the uncus, in

contact with which the fibers of the lateral root end,

axons pass to the hippocampus. The hippocampal

neurones, in turn, make, through the fornix, manifold

connections, some of which are shown in figure 20.

Some of the fibers end in the nucleus liabenulse, whence

neurones descend through Meynert's rctroflexed bundle

;

others end in the corpus mammillare, and make con-

nections with neurones whose axons divide into two

branches, one ascending to the anterior nucleus of the

optic thalamus, the other descending.

Sensory Cortical Areas.—Certain areas of the cor-

tex cerebri are closely associated with sensation, and it is

to these areas that impulses provocative of sensation are

carried. Destruction of the left occipital lobe leads to

blindness of the left half, of each retina ; destruction of
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the right occipital lobe causes blindness of the right

half of each retina. The cortical area lying on either

side of the calcarine fissure is probably concerned in re-

ception of impulses from the macula lutea, or area of

most distinct vision, of each eye. Figure 21 shows
the visual and other sensory areas of the cortex, those

for cutaneous sensibility being, however, of doubtful

location.

Descending Tracts of the Spinal Cord.—Hav-
ing considered the channels through which afferent

nerve impulses are carried from the periphery to the

brain, there remain for description the connections

between higher centers and the peripheral efferent

neurones. After transverse sections of the spinal cord,

degeneration of certain nerve-fibers occurs below the

lesion ; these degenerated fibers are, of course, the pro-

cesses of cells which are situated at various levels

above the lesion. There are many cells in the gray

matter of the cord whose axons enter the white columns,

and ascend or descend, for comparatively short dis-

tances, to end in the gray matter at different levels ; on

their way through the white matter they give off col-

laterals which also enter and end in the gray matter

(Fig. 9). In addition to these, there are fibers which
descend into the cord from higher levels. Two such

tracts have already been mentioned—namely, the fibers

which descend from the vestibular nuclei (Fig. 17),

and those which descend in the posterior longitudinal

bundle from the superior corpus quadrigeminum (Fig.

19). Both these sets of fibers descend through the

ventrolateral columns of the cord, and give off collat-

erals to the gray matter. Fibers also descend, in all

probability, from the cerebellum, though these may be

interrupted by cell stations in the inferior olives, or in

the pons. There is no doubt that the cerebellum,
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either directly or indirectly, exerts an influence over

the motor neurones of the cord, for its removal results

in marked interference with the coordination of move-
ments and the maintenance of equilibrium. Another

set of fibers descends from the red nucleus into the

opposite half of the spinal cord, and is found just

medial to the direct cerebellar tract. Two descending

tracts, with the course and function of which we are

better acquainted, are the direct and crossed pyramidal

tracts. It is perhaps better to call them the ventral

and lateral pyramidal tracts (Fig. 12). They originate

chiefly from cells which are situated in what are known
as the motor areas of the cortex.

It has been found that the stimulation of certain

areas of the cortex cerebri results in the contraction of

certain groups of muscles. Figure 22 shows the dis-

tribution of these areas.

In these areas are large pyramidal cells,—so called

on account of their shape,—whose axons pass through

the corona radiata to the internal capsule, of which

they form the knee and anterior two-thirds of the pos-

terior limb (Fig. 23). The arrangement of the pyra-

midal fibers in the internal capsule shows a certain

correspondence to that of the motor areas from which

they originate ; most anteriorly are situated the fibers

from the motor area for the eyes, then come those for

the head, and these are followed in order by those for

the tongue and mouth, shoulder, elbow, wrist, fingers,

trunk, hip, knee, toes. The arrangement of these

fibers in definite groups according to their origin per-

sists throughout tlieir course, though even in the internal

capsule there is some admixture. The pyramidal fibers

pass down through the middle portion of the crusta of

the cerebral peduncle, and through the ventral portion

of the pons, into the medulla, where they form the
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pyramid from which their name is derived. At the

lower end of the medulla the majority of the fibers

cross, in the pyramidal decussation, into the lateral

pyramidal tract on the opposite side, and, descending

the cord, end at successive levels in the gray matter

near Clarke's column. The stimulation of the motor
cells of the anterior horn must therefore entail the

mediation of an intervening neurone, which perhaps

stimulates several motor cells. Not all the pyramidal

fibers decussate in the medulla ; a few pass into the

lateral pyramidal tract of the same side, some descend

in the homonymous ventral pyramidal tract. The
fibers of the ventral jiyramidal tract decussate at various

levels of the cord and end in the gray matter of the

opposite half. The fibers which, without crossing, de-

scend the lateral pyramidal tract end in the gray matter

on the same side of the cord. By far the majority of

the pyramidal fibers, then, cross in the medulla ; of the

remainder, the majority cross before they end ; only a

few end without crossing the median line. Each half

of the brain controls muscles on the opposite side of the

body. As the pyramidal tracts descend the cord they

gradually diminish in bulk, for fibers leave them at

each succeeding level to end in the gray matter. The
ventral pyramidal tract disappears before reaching the

lumbar region.

It is important to note that movement is not the

only result of stimulating a given cortical area. If

carefully localized stimulation be applied to the motor
area for one set of nuiscles, the antagonists of this set

relax ; for example, stimulation of an area of flexion

causes contraction of the flexor muscles concerned and
simultaneous relaxation of the extensors which are an-

tagonistic to them. The cortex can therefore both pro-

voke and inhibit muscular contraction. Evidence of
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Fig. 22.—Motor areas of the cortex cerebri.
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the j'emoval of this cortical inhibition is seen on division

of the pyramids : the spinal centers, released from con-

trol, respond more readily than nsnal to the afferent

impulses which reach them from the periphery, and

reflex muscular tone is exaggerated.

Some of the motor fibers of the internal capsule,

which, on reaching the cerebral peduncle, lie medial to

the fibers of the pyramidal tract, end in the motor

nuclei of the cranial nerves ; as is shown in figures

24 and 25. In addition, it appears that fibers descend

through the median fillet, to end in the nuclei of the

seventh and twelfth nerves.

Motor Cranial Nerves.

—

The third cranial nerve,

oculomotor, arises from a nucleus which consists 'of

several cell-groups situated in the floor of the Sylvian

aqueduct, at the level of the superior corpora quadri-

gemina. The most anteriorly situated cells of this

nucleus appear to be concerned in accommodation;

the next, in constriction of the pupil ; those innervat-

ing the muscles of the eyeball—namely, the inferior,

superior, and internal recti, and the inferior oblique

muscles—and the levator palpebrae being situated

more posteriorly. Some axons of the third nerve

decussate before their exit, but the majority do not

(Fig. 24).

The fourth cranial nerve, or trochlear nerve, arises

from a group of nerve-cells which occupy much the

same position as the nucleus of the third nerve, but are

situated rather more posteriorly. The axons of these

cells descend for a short distance before entering the

velum, in which tliey cross to the opposite side, and

emerge as the fourth nerve. This nerve innervates the

superior oblique muscle of the eyeball (Fig. 24).

The smaller root of the fifth cranial nerve arises

from two nuclei, the cliief of which is situated in the
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Fig. 23.—Origin and coarse of the ventral and lateral pyramidal tracts.
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dorsal portion of the pons ; the other nucleus, that of

the descending root, consists of a group of cells which

are scattered over a narrow area, from the chief nucleus,

forward, to the level of the corpora quadrigemina. The
axons of these cells join the lower branch of the tri-

geminus, and innervate the muscles of mastication.

Cortical fibers, chiefly from the opposite hemisphere,

probably reach the motor nucleus of the fifth nerve

(Fig. 24).

The fibers of the sixth cranial nerve, or abducens,

arise from a nucleus which is "situated in the dorso-

medial portion of the pons in the floor of the fourth

ventricle. This nerve innervates the external rectus

muscle of the eyeball. Cortical fibers reach this nucleus,

chiefly from the opposite hemisphere (Fig. 24). This

nucleus is brought under the influence of the superior

corpus quadrigeminum through the posterior longi-

tudinal bundle (Fig. 19). The same is true of the

nucleus of the third nerve.

The seventh cranial, or facial nerve, arises from a

nucleus situated ventrolaterally from that of the sixth

nerve, and extending further posteriorly. The axons

pass dorsomedially, and run for a short distance an-

teriorly beneath the floor of the fourth ventricle ; they

arch over the nucleus of the sixth nerve, and emerge

ventrally from the lower border of the pons. This

nerve is distributed to the muscles of the face. Corti-

cal fibers, chiefly from the opposite side, reach this

nucleus ; descending fibers of the median fillet also

proV)ably reach it (Fig. 24).

The motor fibers of the ninth cranial, or glosso-

pharyngeal nerve, originate from the nucleus ambiguus,

which lies in the reticular formation dorsal to the in-

ferior olive. Its axons proceed dorsomedially, turn,

and emerge in company with the aiFerent fibers of the
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Derve. The motor fibers of this nerve are distributed

to the middle constrictor muscle of the pharynx, and to

the stylopharyngeus. This nucleus probably receives

cortical fibers, mainly from the opposite side (Fig. 25).

The motor fibers of the tenth cranial nerve, vagus,

or pneumogastric, also arise from the nucleus ambiguus,

and its central connections are the same (Fig. 25). Its

motor fibers are distributed to pharynx and esophagus,

larynx, bronchial muscles, stomach, and intestines. It

also contains cardio-inhibitory fibers, and secretory

fibers for the gastric glands and pancreas.

It is doubtful whether the cranial portion of the

eleventh nerve, which also originates from the nucleus

ambiguus, belongs in reality to this nerve or to^ the

vagus, which it joins. The spinal portion originates

from cells situated in the lateral horn of the cervical

region, from the level of the first to the fifth or sixth

cervical nerve. Tlie spinal portion innervates the

sternocleidomastoid and trapezius muscles. The nuclei

of this nerve receive fibers from the opposite half of

the brain, and possibly a few from the same side (Fig.

25).

The twelfth cranial, or hypoglossal nerve, is the

motor nerve for the tongue, and arises from a nucleus

which lies close to the median line in the dorsal part of

the medulla ; the upper end of this group of nerve-cells

is just beneath the floor of the fourth ventricle ; lower

down, it is ventral to the central canal. It receives

fibers from the cortex cerebri, chiefly from the opposite

side, and some descending fibers from the median fillet

(Fig. 25).
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Fig. 25.—The eflFereat fibers of the ninth, tenth, eleventh, and twelfth cranial
nerves.
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THE CEREBRUM,

The cerebral hemispheres are concerned in sensation,

consciousness, memory, intelligence, and volition. The
destruction of a sensory area leads to loss of the sen-

sation with which the area had to do ; for instance, re-

moval of the two occipital lobes results in complete

blindness, though the eyes are uninjured. The pupils,

however, continue to contract when light falls on either

retina ; the reflex arc concerned inchides the rod and
cone cells and the bipolar cells of the retina, the retinal

ganglion cells and their axons, neurones of the anterior

corpus quadrigeminum, and those of the third nerve

which innervate the constrictor pupillse. An injuryto

either of the links in this chain will, of course, put an

end to the light-reflex.

Destruction of a motor area results in paralysis of the

muscles which were innervated by this portion of the

cortex. There may, in time, be some recovery of move-
ment, especially in young patients, but the finer move-
ments, such as those of the hand, are permanently lost.

The paralyzed muscles may be caused to contract re-

flexly. Destruction of a sensory area—e. g., the visual

cortex—causes no motor paralysis ; in the normal con-

dition, however, stimulation of the visual area causes

movements of the eyes. The visual area is, neverthe-

less, not classed as a motor area, for it is evident that

the influence exerted over the peripheral motor neurone

is not a direct one.

The result of a complete removal of the cerebral

hemispheres, which in some of the lower animals is

possible, varies. The frog, deprived of its hemispheres,

can, by its appearance, hardly be distinguished from a

normal frog. It is capable of maintaining its equi-

librium, of leaping and swimming, but shows not the
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slightest sign of memory or volition, and, save in re-

sponse to some stimnlus, never moves.

Pigeons bear the operation well, and their subsequent

condition is similar to that of the frog. Undisturbed,

they sleep most of the time ; but if wakened, may walk

about, clean their feathers, and if thrown into the air,

fly. They nuist, hoAvever, be fed, for, lacking volition,

they would otherwise starve to death. In time both the

frog and the pigeon may begin to exhibit complicated

reflexes that give the impression of intelligence.

In dogs the cortex can be completely removed only

by successive operations. If this be accomplished and

the animal be kept alive, it shows entire loss of intelli-

gence and of memory, but is able to walk, and exhibits

signs of sensation and emotion ; the latter phenomena

do not prove that the dog is conscious ; they may be

the expression of complicated reflex response to stimuli

which are unperceived by the animal.

In man the extensive destruction of the cerebral

cortex by accident or disease is usually followed by

death ; but small areas are often rendered functionless

in this way, with the production of characteristic symp-

toms. The destruction of the motor areas on one side,

as has been stated, results in paralysis of tlie corre-

sponding muscles on the opposite side of the body
;

this may be accompanied by no loss of sensation. De-

struction of the internal capsule, on the other liand, if

it ])e complete, causes both motor and sensory paralysis

of the opposite half of the body. The well-being of the

motor neurones concerned in voluntary movements is not

all that is necessary to the proper use of our muscles.

Movements in which but one muscle is brought into

play are exceptional ; as a rule, we use a group, or sev-

eral groups, of muscles at one time, and the successful

accomplishment of the movement is only possible if the
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contraction of the different members of the group be co-

ordinated by the nervous system. Coordination is

largely dependent on the reception of afferent im-

pulses from the muscles themselves, and is conse-

quently rendered imperfect by a break in the afferent

pathway. Such is the case in tabes, in which the dorsal

columns of the spinal cord are affected, and, conse-

quently, muscle-sense is defective. In the lower ani-

mals the division of all the dorsal nerve-roots which in-

nervate a limb, leads to complete disuse of this member
(apesthesia), though the motor pathway is in no way in-

jured by the operation, and the muscles can be caused

to contract by artificial stimulation of the motor corti-

cal area.

If figures 21 and 22 be examined together, it will be

seen that by no means the whole of the cortex has been

mapped out into motor and sensory areas ; large cortical

fields intervene, the stimulation of which leads to no

visible result. These have been called by Flechsig

association areas, and are perhaps concerned with the

interpretation of sensations, in memory, and with intellec-

tual processes in general. There are several areas in the

cortex of the left hemisphere which are intimately con-

nected with the understanding and use of language. A
lesion strictly confined to the left auditory area, though

it causes deafness on the right side, may not interfere

with the understanding of spoken language or with

speech ; but if the lesion is more wide-spread and in-

cludes the neighboring cortical area, the patient no

longer understands the words which he can hear perfectly

well with the left ear. The result seems to be due to

an injury to an association area, rather than to the aud-

itory area itself. The condition is one of sensory apha=
sia. Disease of part of the left occipital lobe leads to

sensory aphasia of a different form, or alexia ; in this,
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the defect consists in the faihire to understand written

language ; speech and the understanding of spoken lan-

guage being retained. The i)osterior part of the left infe-

rior frontal gyrus^ Broca's area, is known as the speech
center. Disease of this part of the cortex results in

loss of speech, while spoken and written language are

still understood ; this is known as motor aphasia. The
condition is not due to a paralysis of the muscles of

phonation, though the area corresponds in part to the

motor area for the tongue, larynx, etc. Tlie patient can
still use these muscles, and may, under the influence of

emotion, speak in a rational manner ; sometimes the

power of singing is retained. It is possible, more
especially in young patients, to regain the power of

speech, through the education of the corresponding cen-

ter on the right side. The right speech center may per-

haps be used to a certain extent by the normal individ-

ual, and this may account for the retention of emotional

speech by the aphasic. Left-handed individuals, whose
peculiarity perhaps depends on anatomic superiority, in

their case, of the right hemisphere over the left, use the

right speech center.

Not only are neighboring convolutions connected with
one another by means of association fibers, but the

different lobes of each hemisphere are connected in the

same way ; in addition, the two hemispheres are united

by association fibers, through, for example, the corpus

callosura. Stimulation of the corpus callosum causes,

through indirect excitation of the cortical motor areas,

bihiteral movements.

The Cerebellum.—The voluntary control of move-
ments, and more especially of those concerned in progres-

sion and in the maintenance of equilibrium, is very much
interfered with by injury to the cerebellum. As we have
seen, afferent impulses reach the cerebellum through the
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dorsal, direct cerebellar, and ascending anterolateral

tracts of the spinal cord, and through the vestibular

nerves from the semicircular canals ; it also receives fibers

from the inferior olives. It is, then, an important station

for the reception of afferent impulses from a wide periph-

eral area. Nevertheless its destruction does not result in

loss of sensation ; the impulses which reach the cerebel-

lum seem rather to be concerned in unconscious reflex

coordination of muscular movement. The patient who
suffers from cerebellar disease, and, consequently, from

incoordination of movement, is perfectly aware, even

when his eyes are closed, that his motions are ill directed,

but lacks the power to order them rightly. With con-

tinued practice the defect may, to a certain extent, be

overcome ; but it would be quite impossible for such an

individual to run downstairs ; careful attention must be

directed to each movement if it is to be carried out cor-

rectly. Although the cerebellum is connected with the

motor cells of the spinal cord by descending fibers, its

influence on coordination seems rather to be exerted

through fibers which ascend toward the cerebrum, and

end either in the thalamus or in the cortex. The vermis

is the portion of the cerebellum which is concerned in

maintaining equilibrium ; the function of the large

lateral lobes is unknown. The fibers which pass from

the cerel)ellum to the cerebrum cross the median line in

the su])erior peduncles, and end on the opposite side in

the red nucleus or optic thalamus ; from tliese bodies

impulses are carried to the cortex by another set of

neurones. Impulses pass in the opposite direction, from

the cerebrum to the cerebellum, over fibers which con-

nect the frontal and temporal cortex with the gray mat-

ter of the pons, and the gray matter of the pons with

the opposite half of the cerebellum. The lateral ves-

til)ular nucleus, or Deiters' nucleus, probably acts as
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a relay station for the forwarding of impulses from the

cerebelluiu to the gray matter of the spinal cord on the

same side of the median line. The motor symptoms
which follow injury to one half of the cerebellum appear
on the side of the lesion ; this is to be expected, since

the fibers which leave the cerebellum transmit impulses,

on the one hand, to the same side of the cord, on the

other, to the opposite cerebral hemisphere ; and, as we
know, the cerebral control of a muscle is exercised by
the opposite half of the brain.

The Semicircular Canals.—The affl^rent impulses
which pass from the semicircular canals to the central

nervous system are of the utmost importance in the

conscious appreciation of the movements of the body
as a whole, and of its position, and in the reiiex and
voluntary maintenance of equilibrium. The nerve-

fibers which enter the medulla through the vestibular

nerve are the central axons of the bipolar vestibu-

lar ganglion cells ; the peripheral axons (or den-

drites?) of these cells are distributed to the macula
acustica of the utricle, and to the cristse ampuUares of

the semicircular canals. In these structures the fibers

branch, their terminal fibrillse surrounding the bodies

of the hair-cells. The hair-cells are so called on ac-

count of the hair-like processes which project from
their free surface into the endolymph which fills the

membranous labyrinth. The semicircular canals on each

side are arranged in the three planes of space, at right

angles w^ith one another ; consequently, the head cannot

be moved without causing, in one or other of the canals,

a change in the pressure which is exerted by the endo-

lymph on the hair processes of the epithelium. Further,

the relations existing between the arrangement of the

canals on the two sides of the head is such that a chancre

of pressure on the hair processes in one ampulla is accom-
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paiiied by a change of pressure in the opposite direction

in the ampulla of the parallel canal on the opposite

side. Changes of pressure on the hair-cells cause

stimulation of the terminations of the vestibular nerve-

fil)ers, and these transmit impulses to the medulla.

The central connections of these fibers have been dis-

cussed. Disease of, or injury to, the semicirculur canals

may cause vertigo.

QUESTIONS FOR CHAPTER IX.

Compare the path followed by a motor-nerve impulse passing to

a skeletal muscle with that of an impulse which reaches involun-

tary muscle ?
*

How may we determine whether the ventral nerve-roots contain

nerve-fibers which have descended the cord from a higher level ?

How may we ascertain whether paralysis of a muscle depends

upon injury to pyramidal fibers or to ventral root-fibers ?

In what different ways may a nerve-center be directly influ-

enced ?

Injury to w^hat different structures causes a loss of reflex con-

traction of muscle?

On stimulation of a motor cortical area, how many neurones are

concerned in the transmission of the motor impulse to a muscle-

fiber?

Having divided a nerve-trunk, what must be done to prevent

permanent paralysis of the muscles innervated by this nerve ?

How can you tell when a divided nerve has renewed its connec-

tion with a muscle ?

"Would you expect the paralysis which results from destruction

of the gray matter of the cord to ]je permanent or otherwise ?

To what extent is the voluntary use of muscles affected by divi-

sion of the posterior nerve-roots ?

How can we decide, by the examination of a section of the upper

cervical cord, whether degeneration found in the dorsal column

was the result of a lesion situated in the lower cervical or lower

thoracic region ?
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Given three animals, A, B, and C : tlie left internal capsule of

A having been destroyed, the left half of the spinal cord of B
having been transversely divided in the thoracic region, and in C
all the lumbar and sacral posterior nerve-roots having been divided,

explain the effect in each case, if any exist, on the voluntary

movements of the left leg, and on the left knee-jerk ?

How can we ascertain, from the nature and distribution of sen-

sory paralysis, whether the causative lesion is situated in the in-

ternal capsule, or consists in hemisection of the cord ?

What lesion will bring about loss of voluntary movement of the

leg, and exaggeration of the knee-jerk ?

Wliat lesion will cause incoordination of voluntary movement
and loss of the knee-jerk ?

How can we determine the level of a lesion of the cord which

has brought about paralysis of the leg?

Will a lesion of the cord which causes paralysis of the legs

necessarily result in paralysis of their arterioles?

How do the results of injury to the ventral nerve-roots differ,

with regard to muscular contraction, from those arising from injury

to the dorsal nerve-roots ?

Where do peripheral sensory nerve-fibers originate ?

In respect to voluntary contraction, reflex contraction, and

sensation, how do the effects of the following lesions differ

:

Destruction of the motor cortical area on one side ; destruc-

tion of the internal capsule on one side ; division of the pyramid

of the medulla
;
and hemisection of the cord in the lower cervical

region ?

^Miat comment have j'^ou to make on a case in which loss of

speech accompanied paralysis on the left side of the body ?

How may an animal be blinded without destroying visual

reflexes ?

TVliat lesions will lead to a loss of the pupil light-reflex without

causing blindness ?



CHAPTER X.

THE SPECIAL SENSES.

VISION*

When light passes from one medium into another the

density of which differs from that of the first, the course

of those rays which do not fall perpendicularly upon
the surface of the second medium is changed—the rays

are refracted. As light enters the eye, it passes from

the air into the cornea, then into the aqueous humor, then

into the lens, and, traversing the vitreous humor, reaches

the retina. It thus passes through four refracting sur-

faces on its way to the retina—namely, the anterior and

posterior surfaces of the cornea, which are parallel to one

another ; and the anterior and posterior surfaces of the

lens, which are parallel neither to the corneal surfaces

nor to each other. The centers of curvature of all

these surfaces are, however, situated approximately upon

one axis, so tliat a ray of light traveling along this axis

will suffer no refraction on its way to the retina.

Other rays which enter the eye will be refracted at each

of the four surfaces which they traverse. The extent

of refraction depends upon the course of the ray, the

curvature of the surface, and the difference in the den-

sity- of the two media se])arated by the surface. The
more obliquely a ray of light cuts the refracting sur-

face, the greater tlu; curvature of tlu^ surface, and the

wider the difference between the density of the media,

the greater will be the degree of refraction. Consider-
204
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able refraction occurs at the anterior surface of the cor-

nea, where the light passes from the air, the refractive

index of which is 1.0, into the cornea, the refractive

index of Avhich is 1.37, its radius of curvature being

7.8 mm. Very little refraction occurs at the posterior

surface of the cornea, since the refractive index of the

aqueous humor (1.33) differs but little from that of the

cornea. The refractive index of the lens is 1.43, the

radius of curvature of its anterior surface being, when
the ciliary muscle is at rest, 10 mm.; here, again, the

refraction is considerable. The rays are again refracted

at the posterior surface of the lens, the radius of curv-

ature of this surface being 6 mm.; here the rays pass

into the vitreous humor, the refractive index of which
is the same as that of the aqueous humor (1.33).

This complex system of media and refracting sur-

faces may, however, be represented by what is known
as the reduced eye, which consists of one medium with

an index of refraction about the same as that of the

acj neons and vitreous humors, bounded by one surface

with a radius of curvature of 5.1 mm. The refraction

suffered by a ray of light on entering such an eye,

would be equal to the total refraction suffered, on its

way to the retina, by a ray forming the same angle with

the principal axis of the normal eye. This imaginary

refracting surface lies between the cornea and the lens.

The nodal point of the reduced eye—that is, the center

of curvature of its refracting surface—is situated 0.47

mm. in front of the posterior surface of the lens, and,

of course, on the principal axis. Sucli a reduced eye

represents the normal eye only when the ciliary muscle
is at rest. The refracting surface of a reduced eye that

shall accurately represent the refraction that occurs in

the normal eye when the ciliary muscle is contracted

must have a greater curvature. Rays of light the
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course of which is parallel to the principal axis are re-

fracted to meet^ at the posterior principal focus, on the

principal axis ; when the ciliary muscle is at rest, the

posterior principal focus falls upon the retina. The an-

terior principal focus lies 12.9 mm. in front of the cor-

nea, on the principal axis ; rays which emanate from
this point are, within the eye, rendered parallel to the

principal axis. The cardinal points of the system are

the anterior and posterior principal foci, the nodal point,

and the principal point, the latter being the point where
the optic axis cuts the refracting surface of the reduced

eye, and being situated in the aqueous humor 2.2 mm.
behind the anterior surface of the cornea.

Rays of light which fall perpendicularly upoH the

refracting surface of the reduced eye suffer no refrac-

tion, but pass on through the nodal point to the retina.

Consequently, a ray of light emanating from a point

above the principal axis, and falling perpendicular to

the refracting surface, will reach the retina at a point

below the principal axis ; a ray coming from a point

situated below the principal axis will strike the retina

above it. Light stimulates certain structures in the

retina, and, as a result, nerve impulses are transmitted

to the brain, tliere giving rise to sensations. By
experience we learn to associate sensations resulting

from stimulation of the lower part of the retina with

light emanating from a point situated above the optic

axis; sensations resulting from stimulation of the upper

part of the retina, with light coming from a source

situated below the optic axis ; the same is true of

stimulation of the lateral portions of the retina—the

resulting sensations are associated with points on the

opposite side of the axis.

The formation of an image on the retina is shown in

figure 26. With the exception of the principal ray,
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which falls perpendicularly upon the refracting surface

of the reduced eye (this surface is represented in the

figure by a broken line), the diverging rays which are

reflected from a given point of the surface of an opaque

object, and Avhicli enter the eye, are refracted to meet

the principal ray upon the retina, and form here an

image of the point from w^iich they were reflected. In

like manner, there are formed images of other equidis-

tant points of the object at the points where their prin-

cipal rays strike the retina. In this way an image of

Fig. 26.—Formation of an image on the retina.

the whole object, may be formed; it is, of course,

inverted.

When the ciliary muscle of the eye is at rest, rays

of light which diverge from a point near the eye are

not, by the time they reach the retina, brought to a

focus ; consequently, they form, instead of a sharp

image, a difl'usion circle. In order that a sharp image

of a near object may be formed on the retina, the focal

distance of the eye must be shortened. This is known
as accommodation, and is accomplished by the contrac-
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tion of the ciliary muscle. When this muscle is at

rest, the lens is flattened by the tension to which tlie

suspensory ligament and capsule are subjected owing to

intraocular pressure. When the ciliary muscle con-

tracts, it stretches the elastic choroid coat, and pulls

forward its anterior margin, to which is attached the

suspensory ligament. The suspensory ligament and
capsule being thus slackened, and the pressure on the

inclosed lens being reduced, the anterior surface of the

elastic lens bulges forward, its curvature is increased,

and, with the curvature, the power of refraction. The
image of an object which is near the eye may thus be

formed upon the retina. The normal eye cannot, how-
ever, be accommodated for objects which lie within. 10

or 12 centimeters of the cornea. This is known as the

near-point of distinct vision. Since parallel rays are

brought to a focus upon the retina of the resting eye,

the far-point of vision is at an infinite distance.

Accommodation is accompanied by constriction of

the pupil, and by convergence of the optic axes of the

two eyes ; to a certain extent the latter may, by prac-

tice, be dissociated from the two former. The motor

impulses concerned in causing these events reach the

eye through the third nerve ; pre-ganglionic fibers

which carry motor impulses to the ciliary muscle and
constrictor })upill[e end in the ciliary ganglion, and

make connection here with cells whose post-ganglionic

fibers are distributed to these structures. Although the

ciliary muscle is of the unstriped variety, it is under

the control of the will, and the eye may, by practice,

be accommodated for short distances without fixing the

attention upon near objects. No direct voluntary con-

trol can be exercised over the size of the pupil, but it

may be indirectly varied through voluntary contraction

or relaxation of the ciliary muscle, with which its
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movements are associated. Light, when it falls on

either retina, causes reflex constriction of both pupils
;

the afferent impulses concerned being; probably carried

to the anterior corpus quad rigeminum, whence impulses

are dispatched to the nuclei of the third cranial nerves.

The size of the pupil is also influenced by pupino=dna=
tor fibers, which leave the spinal cord in the second

thoracic nerve and enter the sympatlietic chain to end

in the superior cervical sympathetic ganglion. Con-
nection is here made with ners^e-cells whose axons form
post-ganglionic fibers that pass through the cavernous

plexus to the Gasserian ganglion, and thence with the

ophthalmic division of the fifth nerve to the eye, reach-

ing the latter through the long ciliary nerves. The
pupillo-dilator center is probably situated in close prox-

imity to the nucleus of the third nen^'e, and appears to

exert a tonic influence, for division of the cervical

sympathetic is followed by constriction of the pupil.

Dilatation of the pupil accompanies relaxation of the

ciliary muscle ; it may be caused reflexly by stimula-

tion of aiferent nerves, as, for instance, by tickling the

palm of the hand, or by applying a painful stimulus to

the back of the neck ; it is influenced by the emotions.

It is probable that dilatation depends upon contraction

of radially disposed cells of the iris, but whether or no

these cells are plain muscle-cells, is uncertain. Both
accommodation and the size of the pupil are affected

by certain drugs ; atropin, for example, paralyzes the

terminations of the motor nerve-fibers of the ciliary

and constrictor muscles, and probably stimulates the

fibers which cause dilatation
;

physostigmin, on the

other hand, stimulates the terminations of these nerves,

and paralyzes the dilators.

Myopia, or short sight, depends upon the fact that

the posterior principal focus falls in front of, instead of
14
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upon, the retina. In the hypermetropic, or long-sighted

eye, the posterior principal focus lies behind the retina.

The former condition usually results from the antero-

posterior diameter of the eye being abnormally great

;

the most frequent cause of hypermetropia is an abnor-

mally small anteroposterior diameter of the eyeball.

The hypermetropic eye has, when the ciliary muscle is

at rest, neither near- nor far-point of distinct vision,

for rays which come from even an infinite distance are

not brought to a focus by the time they reach the retina,

and still more is this the case with those emanating

from objects which are near the eye ; the condition may,

however, be compensated to a certain extent by accom-

modation, but the near-point of vision is always fuuther

from the eye than the normal. The near-point of dis-

tinct vision of the myopic eye is nearer to the eye than

that of the emmetropic or normal eye, consequently a

larger image of a small object may be formed on the

retina of a myopic eye, and small objects may thus be

seen more distinctly by a short-sighted individual than

by one whose vision is normal. The far-point of dis-

tinct vision of the myopic eye is at a comparatively

short distance, for only the divergent rays which fall

upon the cornea can be focused upon the retina; paral-

lel rays are brought to a focus before reaching it. As
age advances, the power of accommodation is impaired,

through weakness of the ciliary muscle and lessening

of the elasticity of the lens, the condition being known
as presbyopia; the near-point of distinct vision grad-

ually recedes from the eye, but there is no interference

with the vision of distant objects.

Astigmatism is an irregularity of vision which is

usually dependent on differences in the curvature of the

cornea. In the commonest form the curvature of the cor-

nea is greater in the vertical than in the horizontal mer-
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idiaii, and, as a result of this, the rays which, diverging

from a given point, fall upon the vertical meridian of

the cornea, are brought to a focus earlier than those

which fall upon the horizontal meridian. Consequently,

when the eye is so accommodated that the anterior of

these two foci falls upon the retina, the image formed
will be, instead of a point, a horizontal line ; if the pos-

terior focus falls upon the retina, the image will be a

vertical line (Fig. 27). Almost every eye is more or

less astigmatic, and none are free from defects. One
constant defect consists in spheric aberration, which
depends upon the fact that rays falling upon the periph-

Fig. 27.—Illustrating astigmatism.

ery of the lens are more refracted, and brought to a

focus earlier, than those which fall nearer to the prin-

cipal point. This effect is, however, to a certain extent,

neutralized by the curvature and index of refraction of

the peripheral portion being less than is the case with

the more central portion of the lens. The iris, too,

forms a diaphragm which prevents light from falling on

the periphery of the lens, and this is of special impor-

tance in the case of the more divergent rays which
reach the eye from near objects ; as we have seen, the

iris contracts when near objects are viewed. Chromatic
aberration is caused by dispersion due to the unequal

refrangibility of rays of different wave-length ; those of



212 ' THE SPECIAL SENSES.

shorter wave-length, e. g., the violet rays, are more

refracted than those of greater wave-length, e. g.^ the

red rays. Under ordinary circumstances, neither spheric

nor chromatic aberration interferes with distinct vision.

Color Vision.—White light on analysis is found to

consist of a mixture of rays of varying wave-length.

When light falls upon the retina, the resulting sensa-

tion varies with the wave-length of its component rays.

According to the Young-Helmholtz theory, there are in

the retina three substances, all of which are to a certain

extent acted upon by any ray of light, whatever its wave-

length ; but the readiness with which each substance

reacts to different rays varies. For instance, rays the

wave-length of which is in the neighborhood of

0.000675 mm. affect one substance more than the other

two, and give rise to a sensation of red ; rays of about

0.000525 mm. wave-length produce the greatest efPect

on the second substance, and give rise to a sensation of

green ; rays of 0.000430 mm. wave-length cause the

greatest change in the third substance, and result in a

sensation of violet. A sensation of yellow results from

the simultaneous production of red and green sensations

in certain proportion ; a sensation of orange is produced

by slightly increasing the red sensation and lessening

the green. Thus a host of different color sensations

may be produced by the fusion of the primary sensa-

tions in varying proportions. The sensation of white

results from the fusion of all three primary sensations

in definite proportions; this is what occurs when ordi-

nary daylight falls upon the retina, but to produce this

result it is not necessary that all the rays of the visible

spectrum should enter the eye. Any two rays which

between them excite all three color sensations in the

right proportion, will give rise to a sensation of white;

for instance, a ray of the wave-length 0.000564 mm.,
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when it alone readies the retina, canses a sensation of

iireenish-vellow bv actino- about equally on the visual

substances concerned in red and green sensations ; if to

this ray be added one of the wave-length 0.000433

mm. which bv itself causes a sensation of violet bv

acting to about the same extent on the third substance,

a sensation of white will result. Every ray situated

toward one end of the spectrum has its complementaiy

ray, found toward the opposite end, combination with

which p'ives rise to a sensation of white. Rays near the

middle of the spectrum which give rise to a sensation

of green require to be combined with rays from both

ends of the spectrum in order to cause a sensation of

white. A sensation of black is caused by the absence

of any stimulus. There are certain facts in color

vision which cannot be satisfactorily explained on this

theory, and in consequence several others have been

advanced ; to all these there are, however, objections.

According to the theory of Hering, there are six pri-

mary color sensations, depending on anabolic or katabo-

lic changes in three visual substances. In one of these

substances katabolic changes may be excited by the rays

of any part of the visible spectrum, and a sensation of

Avhite results ; in the absence of light, anabolic changes

predominate, and give rise to a sensation of blackness.

Another substance is caused to break down by the rays

of greater wave-length, giving rise to a sensation of

red, while it is rapidly built up under the influence of

the rays of medium length, with a resulting sensation

of green. The third substance suffers katabolic changes

under the influence of rays which tluis produce sensa-

tions of vellow, and undergoes constructive changes when

exposed to the rays of shorter wave-length which thus

produce a sensation of blue. When rays of all wave-

lengths fall upon the retina, the metabolism of only the
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" white-black '' substance is affected ; the other two sub-

stances remain in equilibrium. Orange sensations result

from the simultaneous break-clown of the red-green and

yellow-blue substances, violet sensations from the simul-

taneous building up of yellow-blue and break-down of

red-green substance.

Color-blindness appears to depend upon the exist-

ence in the retina of the individual of but two visual

substances. As a rule, those who are color-blind fail

to distinguish between red and green ; this may be

explained on the Young-Helmlioltz theory, by supposing

either the '^ red substance '^ or the " green substance
'^

to be absent from the retina ; on Hering's theory by the

absence of the ^^ red-green substance."
*

AVhen light falls upon the retina, it affects both the

pigment epithelial cells of the outer layer, and the rods

and cones ; visual sensation depends upon stimulation

of the latter elements, and it results whatever be the

nature of the stimulus. Pressure when, applied to the

eyeball affords meclianical stimulation of the retina, and

a visual sensation follows. If in the dark sudden pres-

sure be applied to the nasal side of the eyeball, the

resulting sensation resembles that produced by a flasli

of light occurring on the opposite side of the visual axis,

and to the subject it appears to be the consequence of

such an event taking place outside the body. If the

experiment is made in the light, the impression of a dim
blue disc is given. The retina may also be stimulated

electrically, with the production of visual sensations.

Different parts of the retina are not equally sensi-

tive to light, and a variation in the quality of light

affects them differently. We can most accurately dis-

tinguish between closely adjacent points when their im-

ages fall upon the yellow spot, or macula lutea; in this

respect acuteness of vision gradually diminishes as the
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periphery of the retina is approached. The same is

true in respect to color vision ; the extreme peri])hery

of the retina is color-blind. On the other hand, the

macula lutea is not the part of the retina that is most sen-

sitive to dim illumination. Rods are absent from the

macula lutea, cones only being present ; as the periph-

ery is approached, the number of rods increases, the

number of cones diminishes, and before the border

is reached the cones disappear. It seems probable that

the cones are chiefly concerned in acute vision and in

color vision, while the rods minister to the perception

of luminosity without, perhaps, affording a means for

the appreciation of color. The rods contain a substance,

visual purple, which is absent from the cones, and it

may be owing to the presence of this substance that the

rods are most readily stimulated by rays of light of

short wave-length, for it is by these that visual purple

is most rapidly bleached. Visual purple is rendered

colorless by exposure to light, but during the process

an intermediate substance, a pigment called visual

yellow, is formed. On exclusion of light, visual purple

again slowly appears in the rods, but not in the absence

of the layer of pigment epithelium, which evidently ex-

erts an influence on its formation. The optic disc, that

part of the retina where the flbers of the optic nerve leave

the eye, is devoid of rods and cones, and is blind. Of
this defect we are unconscious, until it is pointed out to

us that, with but one eye open, the image of an object

which falls upon this area is unseen. The image of an

object never falls simultaneously upon the blind spots

of both eyes.

When light falls upon the retina, the effect on con-

sciousness varies with the intensity of the light, with

the duration of the exposure, Avith the size of the retinal

area illuminated, and with the condition of the retina.
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The excitability of the retina is reduced by exposure to

light ; it becomes fatigued, and visual sensations are

less intense ; this probably also depends upon fatigue

of the central visual mechanism. In order to excite

visual sensation, light must be of certain intensity, this

intensity varying with the part of the retina upon which

it falls. We cannot distinguish between the different

intensity of two lights, unless one be brighter than the

other by one-hundredth part, and, consequently, the

brighter the lights, the more difficult it is to appreciate

their different value. A flash of light may appear less

bright than a somewhat weaker light that lasts longer.

A small light may appear less luminous than a larger

one which is in reality of less intensity. Since the sen-

sation outlasts the stimulus by a short period, a rapid

succession of stimuli of very short duration gives rise

to a continuous sensation. The survival of a visual

sensation after the stimulus has ceased is known as a

positive after=image. Negative after-images are fatigue

phenomena ; for instance, if after fixing the eye for a

few moments upon a red object it is turned to a white

surface, there appears a greenish image of this object

;

this is explained by assuming that in the area of the

retina upon which the rays from the red object fell the

visual substance upon which the red rays take most

effect has been used up or rendered inexcitable to a

greater extent tlian either the green or the violet per-

ceiving elements ; consequently, when the whole retina

is subsequently exposed to white light, which excites all

three primary sensations, the two which have not been

fatigued will ])redominate, and we experience a sensation

of greenish-blue. The color of a negative after-image

is always complementary to that of its original.

When two objects the colors of which are comple-

mentary to one another arc placed in contact, the color
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of each, more particularly along the adjacent edges,

appears to be intensified. This may be explained by
assuming that stimulation of any retinal area causes

simultaneous changes to occur in neighboring areas
;

by some, these induced changes are supposed to be
similar to those occurring in the stimulated area ; by
others, they are considered to be of an opposite nature.

A white object on a dark field looks larger than it

does on a white field ; this is called irradiation, and
depends upon the failure of the eye to bring all the

rays to a proper focus, the size of the retinal image
being slightly increased through the formation of diffu-

sion circles instead of points.

To each eyeball are attached three pairs of muscles,

the two members of each pair being antagonistic to

each other. The movements of the two eyes are asso-

ciated in such a way that their visual axes are kept

parallel to each other when directed toward distant ob-

jects. During accommodation the visual axes con-

verge. In what is known as the primary position of

the eyes, the visual axes are parallel, and, the head

being erect, are directed toward a distant point at their

own level. The center of rotation of the eyeball lies

13.54 mm. behind the anterior surface of the cornea on
the optic axis. The optic axis does not exactly corre-

spond to the visual axis, but cuts the retina on the

inner side of, and slightly above, the macula lutea.

Rotation of the eyes from the ]>rimary position to the

right is caused by contraction of the right external rec-

tus muscle and left internal rectus ; horizontal converg-

ence is caused by contraction of the two internal recti.

Upward rotation is brought about by the simultaneous

contraction of the superior recti and inferior oblique

muscles ; downward rotation, by the simultaneous con-

traction of the inferior recti and superior oblique
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muscles. More than two muscles must act upon each

eye in order to bring about oblique upward or down-
ward movement; this is accompanied by more or less

wheel movement, or rotation on tlie optic axis. The
voluntary contraction of one muscle is accompanied by
inhibition of its antagonist.

As long as, through the associated movements of the

two eyes, the visual axes are directed toward the same

point, an image of this point will fall upon the macula

lutea of each eye, and will give rise to a single sensa-

tion. The maculae lutese are not the only areas of the

retin£e simultaneous stimulation of which gives rise to

a single sensation ; each retinal area, with the exception

of tliose near the nasal edges of the retinae, has a corre=

spending area in the opposite retina. When the two

retinal images of an object fall upon corresponding or

identical areas, the object appears single ; when the im-

ages fall upon areas which do not correspond, the object

appears to be double. Slight asymmetry in the position

of images falling upon peripheral areas of the retinae

does not so readily cause diplopia (double vision) as does

the asymmetric arrangement of images on the maculae

luteae.

We first learn to interpret our visual sensations

through comparison with sensations provoked through

other channels. Our visual judgment of the size of an

object is formed by comparing the sensation which it

excites with those produced by other objects with which

we are familiar, and if the object be large, by the angle

through which the eye nmst be moved in order to cover

its surface. The movements of the eye are estimated

partly tlirough the intensity of the effort expended in

causing tlie contraction of the ocular muscles, and partly

throu<»:h the muscular sensation resulting from their

contraction. The distance of an object may be much
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more accurately determined by using both eyes than by
using only one ; in the case of a near object, the degrees

of accommodation and of convergence are important

aids to judgment of distance. It is difficult to form an

idea of the shape of an unfamiliar solid object by
means of one eye, but since, when both eyes are used,

it is viewed from two points, the retinal images differ

sliglitly, and we are enabled to appreciate its depth.

HEARING.

Sound-waves that enter the external auditory meatus

cause vibration of the tympanic membrane, and are

transmitted through the chain of ossicles, which vibrate

as a whole, to the perilymph of the internal ear. The
vibration of the perilymph is transmitted to the endo-

lymph of the membranous labyrinth, and in some way
takes effect on the terminations of the nerve-fibers of the

auditory branch of the eighth cranial nerve. Pressure

on the two sides of the tympanic membrane is equalized

by the communication which exists between the middle

ear and the pharynx by means of the Eustachian tube

;

uneven pressure would interfere with the vibration of

the membrane.
The vibrations which give rise to a musical sound are

rhythmic ; a noise results from arhythmic vibrations.

Sounds vary in intensity, or loudness, in pitch, and in

quality. Intensity depends upon the amplitude of the

vibration
;

pitch, upon the rate of vibration. A single

sound emitted by a musical instrument is usually not

simple, but compound, and this depends upon the ad-

mixture of overtones with the fundamental tone. The
same note produced by different instruments differs in

quality, owing to variation in the number and intensity

of accompanying overtones. When two sounds occur
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simultaneously, the vibrations upon which they depend

do not reach the ear separately, but are fused, and form

a compound wave ; nevertheless, we are capable of

analyzing a complex sound. The ear probably contains

a svstem of resonators, which, like the strings of a harp

or other instrument, are caused to vibrate when sub-

jected to the influence of sound-waves,, each resonator

responding to a tone of definite pitch. The basilar

membrane of the cochlea, with its thousands of radial

fibers of different lengths, perhaps serves as a system

of resonators in the analysis of sounds, the vibration of

each fiber being communicated, through the organ of

Corti, to a particular nerve-fiber of the auditory nerve.

Our aural judgments are much less exact than* our

visual judgments, and even by the use of both ears it

is difficult to determine whence a sound reaches us.

This is especially true of sounds which emanate from a

point in the median vertical plane. It is less difficult

to locate sounds whose source of origin is lateral to the

head, for, in this case, the intensity, and perhaps the

quality of the sound, as it reaches the two ears varies.

SMELL.

The true olfactory mucous membrane is very limited

in extent, and is confined to that portion of the nasal

mucous membrane which covers the medial surface of

the superior turbinated bone, and the corresponding

area of tlie septum. Here are situated cells which

give off tlie fibers which (constitute the olfactory nerve,

and end in the olfactory bulb. The air as it is inspired

does not pass over this area, but gases and particles of

odorous substances which enter the nose reach the

olfactory mucous memi)rane by diffusion. Odorous

substances may excite a sensation of smell when intro-
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duced into the nostrils in solution in normal saline, but

not in distilled water, which probably injures the olfac-

tory cells.

TASTE.

Not the whole of the oral mucous membrane is sen-

sitive to sapid substances ; the taste organs are confined

to the back, the tip, and the edges of the tongue, and

to the palate and the pillars of the fauces ; their distri-

bution, however, varies considerably in different indi-

viduals. The taste-buds, which are found on the sides

of the circumvallate papillae, and on the fungiform

papillae, are supposed to serve as end-organs of taste,

but probably there are others. The back of the tongue

is most sensitive to bitter substances ; the tip and sides,

to sweet substances. The other tastes are acid and salt

;

flavors are appreciated by the olfactory cells, and are

not true tastes. Nerve-fibers which are concerned in

taste are supplied to the back of the tongue by the

glossopharyngeal nerve, and to the anterior two-thirds

by the lingual, but the path by which these fibers enter

the medulla is uncertain.

QUESTIONS FOR CHAPTER X.

Can parallel and divergent rays of light which happen to fall

upon the eye l)e simultaneously focused on the retina ?

During accommodation, where are parallel rays brought to a

focus ?

AMiat sort of lens must be used for the correction of myopia?
Wliat sort of lens is needed after removal of the lens from the

eye?

To what extent is vision interfered with by the application of

atropin ?

How do we know that light does not stimulate the fibers of the

optic nerve ?



222 THE SPECIAL SENSES.

Why, when accommodation is relaxed, does a near object appear

to be double ?

Why is vision indistinct when the eye is immersed in water ?

Why do hypermetropic eyes tire more readily than myopic eyes ?

What effect on the eye has division of the cervical sympathetic

nerve ?

When the internal rectus muscle of one eye is paralyzed, the

eyeball will be rotated outward, owing to the unresisted tonic

contraction of the external rectus. Why, under these circum-

stances, should turning the opposite eye outward cause the injured

eye to return to the primary position ?

Why does the application of pressure to one side of the eyeball

cause diplopia ?

If sound-waves reach the retina, why do they not result in

visual sensation ? «
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Abducens, 192
Aberration, 211
Absorption of cane-sugar, 74

of egg-albumen, 86
of fat, 88
of native proteids, 77, 89
of peptones, 84, 85
of starch, 74
of water, 89

Accelerator center, 43, 45
Accessory nerve, 66, 165, 194
Accommodation, 190, 207, 208,

217
Achroodextrin, 73
Acid albumin, 78

amido, 79, 105, 106
benzoic, 106
butyric, 75
carbamic, 104
fatty, 87, 88
hippuric, 106, 122
hydrochloric, 73, 74, 78, 81

lactic, 75, 88, 100, 104
phosphocarnic, 64, 152
phosphoric, 116
sulphuric, 116
uric, 105, 121, 122, 126

Acromegaly, 109
Action current, 150
Addison's disease, 110
Adenine, 12
Adrenal bodies, 110

extract, 143
Afferent nerve-fibers, 158
After-image, 216
Albumin, 13

Albumin, coagulation-tempera-
ture of, 19

Albuminate, 78
Albuminoids, 83, 114
Albumoses, 13, 23, 79
Alcohol, 47, 75, 86
Alexia, 198
Alkali albumin, 78, 86
Alkalinity of blood, 19, 116
Amido acids, 79, 89, 105, 106
Ammonia, 19, 44, 116
Ammonium salts, 104, 105
Amylopsin, 73
Anaerobic contraction, 64
Anemia, 117
Animal heat, 135
Antagonistic muscles, inhibition

of, 160, 187, 218
Anterolateral ascending tract,

172, 199
Aorta, 40, 41
Apesthesia, 198
Aphasia, 198, 199
Apnea, 68
Aqueous humor, 204
Arcuate fibers, 168
Areas, association, 198

auditory, 198
motor cortical, 186, 196
retinal, 218
sensory cortical, 182, 196
visual^ 179, 196

Arterialization of blood, 62
Arteries, blood-flow in, 52

blood-pressure in, 42, 44, 46,

47

223

-^
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Arterioles, 42
direct stimulation of, 110
innervation of, 48

Asphyxia, 68
Aspiration, thoracic, 54, 55
Assimilation, 107
Association areas, 198

fibers, 199
Astigmatism, 210
Atropin, 92, 131, 133, 209
Auditory area, 198

nerve, 176, 220
Auerbach's plexus, 95, 166
Augmentor center, 43, 45, 46

nerve, course of, 45
Autonomic nerve-fibers, 165

Bacteeia, 31, 72, 75, 77, 81, 89
Baths, 138
Benzoic acid, 106
Bile, 81, 88, 89

pigments, 89
salts, 88, 89

Bioplasm, 11
Bladder, gall-, 94

urinarv, 128
Blindness, 182, 196
Blood, 18

circulation of, 35
coagulation of, 20
color of, 30
defibrinated, 20, 24
reaction of, 19, 117
salted, 21
venosity of, 44

Blood-cells, 18
red, 18, 29
white, 18, 23, 31, 106

Blood-flow, arterial, 52
capillary, 41, 52

Blood-plasma, 18
dextrose in, 102

Blood-platelets, 18, 31

Blood-pressure, arterial, 42, 44,

46, 47
influence of respiration on, 54
intracapillary, 32
regulation of, 44, 47, 48

Blood-supply, coronary, 46
during activity, 52, 64

Brachium conjunctivum, 172,

200
Bundle, Meynert's, retroflexed,

182
posterior longitudinal. 174,

178, 179, 192
solitary, 174

Burdach's tract, 168
Butyric acid, 75

Calcium, 23, 117
Calorie, 115
Cane-sugar, 12, 15

digestion of, 74
in urine, 74

Capillaries, blood-flow in, 41, 52
blood-pressure in, 32, 125
exchange of gases in, 63
permeability of, 32
renal, 123

Capsule, internal, 186, 190, 197
Carbamic acid, 104
Carbohydrates, 12

bacterial decomposition of,

75, 81
digestion of, 71, 76
potential energy of, 115

Carbon dioxid, 64
elimination of, 63, 121
in blood, 63

Carbon equilibrium, 111
monoxid, 30
hemoglobin, 30

Cardinal points, 206
Cardio-accelerator center, 43, 45
Cardio-augmentor center, 43, 45
Cardio-inhibitory center, 43-47,

110
Casein, 83, 132
Caseinogen, 83, 132
Cellulose, 15, 72, 75, 82, 115
Cerebellum, 168, 172, 184, 199

Cerebral hemispheres, removal
of, 186, 197

Cerebrum, 196
Chemotropisra, 31
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Chloroform, 44, 47, 51
Cholesterin, 16, 29, 31, 89, 131
Cholic acid, 89
Chorda tympani, 51, 52, 91

Chromatic aberration, 211

Chyle, 99
Ciliary muscle, 205, 207, 208

nerves, 209
Clarke's column, 172, 187
Coal-gas poisoning, 30
Cochlea, 220
Cochlear nerve, 176
Cold, influence on circulation,

47, 124, 136
on metabolism, 116, 136
on renal secretion, 124

on respiration, 67, 139
on vasoconstrictor center,

47, 124, 136
Cold-blooded animals, 135
Cold-nerves, 136
Collagen, 84
Collaterals, 151, 158
Color-blindness, 213
Color-vision, 212-214
Colostrum, 132
Conductivity of muscle, 142

of nerve, 146, 151, 152
Cones, retinal, 179, 215
Conjugated sulphates, 81, 122
Constipation, 82
Constrictor center. See Vaso-

constrictor center.

Contraction, 142
law of, 146
maximal, 143
tetanic, 144
voluntary, 144

Contrast, 217
Convergence, 208, 217
Coordination, 197, 198, 200
Cornea, 204
Coronary ))lood-supply, 46
Corpora geniculata, 176, 179

quadrigemina, 168, 172, 176,

184, 192, 196
Corpus callosum, 199

mamillare, 182

15

Corpus restiforme, 168, 172
Cortex cerebri, association areas

of, 198
inhijjition by, 187
motor areas of, 186, 196
sensory areas of, 182, 196

Coughing, 67
Cranial nerves, eighth, 176, 182,

220
eleventh, 66, 165, 194
fifth, 44, 67, 90, 93, 178,

190
first, 182
fourth, 190
ninth, 45, 90, 93, 165, 174,

176, 192, 221
second, 179
seventh, 52, 165, 192
sixth, 192
tenth, 39, 43, 44, 67, 68,

93, 165, 174, 194
third, 165, 190, 196, 208
twelfth, 194

Creatin, 105, 106, 122, 152
Creatinin, 105, 122
Cretinism, 108
Cristse ampullares, 201
Curari, 139, 142
Current, action, 150

constant, 145, 161
demarcation, 149
induced, 145, 161

Cycle, cardiac, 36-38

Deafness, 198
Decussation, pyramidal, 187

sensory, 168
Defecation, 96
Degeneration of nerve-fibers,

150
of spinal nerve-roots, 170, 172
reaction of, 149, 161

Deglutition, 45, 92
influence of, on respiration,

67, 93
Dehydrolysis, 17, 100
Demarcation current, 149
Depressor nerve, 47, 109
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Dextrin, 15, 72
Dextrose, 12, 14, 18

formation of, from proteid,

101, 102, 112
metabolism of, 99

Diabetes mellitus, 101, 102
pancreatic, 102

Diapedesis, 31
Diaphragm, 58
Dicrotic pulse, 54
Diet, carbohydrate, 62, 114

fatty, 116
ideal, 115
influence of, on respiratory

quotient, 62
milk, 82, 117, 132
mixed, 114
vegetable, 106, 117, 123

Digestion, 71
of albuminoids, 84
of carbohydrates, 71, 76
of fat, 87
of nucleoproteids, 82
of proteids, 77, 85

Dilution of plasma, 33
Diplopia, 218
Diuretics, 127
Dyspnea, 66, 68

influence on cardio-inhibitory

center, 44
on vasoconstrictor center,

47

Ear, 219
Edema, 33
Efferent nerve-fibers, 158
Egg-albumen, 86
Elasticity of aorta, 35

of lungs, 60
of muscle, 142

Elastin, 84
Electrolytes, 28
Electrotonus, 147
Emmetropia, 210
Emotions, influence of, on heart,

45
on movements of stomach,

94

Emotions, influence of, on res-

piration, 68
on secretion of milk, 132
on secretion of saliva, 91

Emulsification, 87
Enamel, destruction of, 75
Energy, 111, 115, 135
Enzymes, characteristics of, 21
Epinephrin, 110
Equilibrium, 178, 186, 199, 201

carbon, 111
nitrogenous. 111, 113

Erythrocytes, 18, 29
Erythrodextrin, 73
Esophagus, 93
Evaporation of sweat, 129, 137
Excretion, 121
Exercise, influence of, on heart-

beat, 46
on metabolism, 100, 107,

116, 122
on respiration, 66
on respiratory quotient, 62

Extracts, adrenal, 110, 143
Eye, reduced, 205

muscles of, 190, 192, 217, 218

Facial nerve, 52, 165, 192
Fallopian tubes, 164
Fat, 15

digestion of, 87
in milk, 132
metabolism of, 101, 102, 112
potential energy of, 115

Fatigue of muscle, 143
of nerve, 151
of retina, 216

Fatty acids, 87, 88
diet, 116

Feces, 81, 96
Ferments, characteristics of, 21
Fever, 135
Fibrin, 20
Fibrin-ferment, 23, 24, 31

Fibrinogen, 20
coagulation temperature of, 19
solubility of, 13

Fillet, 168', 174, 178
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Fillet, descending fibers of. 192,

194

lateral, 176
Filtration of urine, 125, 127
Fornix, 182
Freezing-point, depression of,

27
Fruit-sugar, 14

GANGLiojf, Gasserian, 178, 209
posterior root, 150, 156
spiral, 176
superior cervical sympathetic,

48, 52, 91, 131, 209
sympathetic, 162

Gastric juice, 78
secretion of, 93

Gelatin, 84, 114
Geniculate bodies, 176, 179
Globulicidal action, 24
Glossopharyngeal nerve, 45, 67,

93, 176, 192, 221
Glycerin, 87
Glycocol, 89, 105, 107
Glycogen, 15, 99, 106, 111
Glycoses, 15
Glycosuria, 101
Goll's tract, 168
Gowers' tract, 172
Gram-molecule, 27
Grape-sugar, 12, 14

Hearing, 219
Heart, 35

acceleration of, 43, 45
beat, 36
contraction-volume of, 43
cycle, 36, 38
dilatation of, 43, 46
during starvation, 113
frequency, 37, 39
influence of blood on, 46

of blood-pressure on, 46
inhilntion of, 44
innervation of, 39, 43, 44
output of, 43, 46
residual blood in, 43
sounds, 39, 40

Heart, valves of, 35-39, 54
Heat, animal, 135

influence of, on circulation,

137
loss of, 135, 137
production, 135

Heat-nerves, 136, 166
Hematin, 30
Hemispheres, cerebral, removal

of, 196, 197
Hemochromogen, 30
Hemoglobin, 30, 62, 89
Hemophilia, 20
Hibernation, 139
Hippocampus, 182
Hippuric acid, 106, 122
Hydremic plethora, 127
Hydrochloric acid, 73, 78, 81

action of, on carbohydrates,

74
Hydrolysis, 17, 72, 78, 87
Hypermetropia, 210
Hyperpnea, 18
Hypoglossal nerve, 194

Indol, 81
Induced current, 145
Inhibition, cortical, 187

of antagonistic muscles, 160,

187, 218
of the heart, 44

Inorganic salts, in diet, 116
uses of, 117

Insensible perspiration, 129
Internal capsule, 168, 186

secretion, 102, 108
Interpleural pressure, 59
Intestinal epithelium, 74, 75,

86, 88
juice, 74, 75
movements, 95

Intracapillary pressure, 32
Invertin, 74
lodiu, 73
lodothyrin, 109
Ions, 28
Iron in food, 117

in hemoglobin, 30, 90
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Iron in milk, 132
Irradiation, 217
Irritability, 11

influence of constant current

on, 145
myotatic, 160

Isomaltose, 73
Isotonic solutions, 27

Keratin, 84
Kidneys, excretion of sugar by,

101
removal of, 104
secretion by, 123

Knee-jerk, 160
Kreatin, 105, 106, 122, 152
Kreatinin, 105, 122

Laceimal glands, innervation

of, 165
Lactation, 131
Lactic acid, 75, 88, 100, 104,

153
Lactose, 15, 74, 132
Language, 198
Laryngeal nerves, 67, 93
Lecithin, 16, 29, 31, 89
Lemniscus, 168, 174, 178, 192,

194
Lens, 204
Leucin, 79, 105
Leukemia, 106
Leukocytes, 18, 23, 31, 106
Levulose, 14, 74, 102
Light-reflex, 196
Lingual nerve, 221
Liver, capillaries of, 32

disease of, 105
formation of conjugated sul-

phates by, 81
of urea by, 104

glycogenic function of, 99
removal of, 104

Locomotor ataxia, 198
Lungs, collapse of, 54, 60, 67

function of, 58
inflation of, 54, 59, 67

Lungs, influence of, on coagula-
tion, 24

ventilation of, 58
Lymph, 18, 31, 55
Lymphatic circulation, 55, 99

Macula acustica, 201
lutea, 179, 187, 214

Maltase, 22
Maltose, 15, 72
Malt-sugar, 15, 72
Mastication, 71, 90
muscles of, 192

Metabolism, 16
abnormal, 102, 108, 109
acids formed in, 116, 122
carbohydrate, 99
during starvation, 112
of fat, 102
muscular, 100, 102, 108, 109,

136
proteid, 103

Methemoglobin, 30
Micturition, 128
Milk, composition of, 132

curdling of, 83
diet, 82, 117, 132
secretion of, 131

-sugar, 14, 74, 132
Motor cortical areas, 186
Mucin, 89
Muscle, 141

cardiac, 141, 143
ciliary, 205
comx)Osition of, 152
contraction of, 142, 144
elasticity of, 142
extensibility of, 142
injury to, 149
irritability of, 141, 145

latent period of, 142
plain, 141

Muscle-sense, 167, 170, 198
Muscle-spindles, 167
Muscles, inspiratory, 58, 65

.of eyeball, 190, 192, 217

of mastication, 192
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Muscular metabolism, 100, 102,

108, 109, 13G
tone, 110, 141, IGO

exaggeration of, 190
work, 116

influence of, on heart-beat,

46
on metabolism, 100
on respiratory quotient,

62
on respiration, 66

Myopia, 209
Myosin, 152
Myosinogen, 152
Myotatic irritability, 160
Myxedema, 108

Negative variation, 150
Nerve-fibers, 150
Nerve-impulse, 142
Nerve-roots, 154

division of, 198
Nerves, afferent, 158, 166

afferent visceral, 167
cold-, 136, 166
conductivity of, 146, 151
cutaneous, 146, 151
efferent, 158
heat-, 136, 166
muscle-sense, 167
pain, 166
post-ganglionic, 45, 162
pre-gangiionic, 45, 162
pressure, 166
regeneration of, 150
sympathetic, 161, 168

Nervous system, 154
during starvation, 113

Neurone, 150
Nitrogenous equilibrium. 111,

113
Normal salt solution, 24
Nuclein, 12, 82, 105
Nucleo-albumin, 82, 132
Nucleo-proteid, 12, 19, 23, 82,

105
Nucleus alse cinerese, 174
ambiguus, 192

Nucleus, cochlear, 176
cuneatus, 168
Deiters', 200
gracilis, 168
habenulai, 182
vestibular, 176, 184, 200, 201

Nutrition, 111

Occipital lobe, 182
Oculomotor nerve, 190
Oedema, 33. See Edema.
CEsophag-us, 91. See Esophagus.
Olein, 16, 103, 132
Olfactorv^ nerve, 182, 220
Olive, inferior, 184

superior, 176
Optic disc, 215

nerve, 178
thalamus, 162, 182, 200

Osmosis, 24, 125
Oxalic acid, 106
Oxygen in blood, 62
Oxyhemoglobin, 63, 65

Pain, 174
referred, 162

Palmitin, 16, 132
Pancreas, disease of, 102

removal of, 102
Pancreatic diabetes, 102

digestion of carbohydrates, 73
of fat, 87
of proteids, 78

Paralysis, 100, 197
Paralytic secretion, 92
Paramyosinogen, 152
Pepsin, 78
Peptones, 13, 78, 84, 94
Peripheral resistance, 41, 46, 47
Peristalsis, 94, 95, 165
Permeability of capillary wall,

32
of membranes, 25, 29
of renal epithelium, 125, 127

Phagocytosis, 31
Phenol ; 81
Phosphates in urine, 122, 123
Phosphocarnic acid, 64 , 152
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Phosphoric acid, 116, 122
Phrenic nerve, 66
Physostigmin, 209
Pialyn, 87
Pigments, bile, 89

urinary, 122
Pilocarpin, 92, 131
Pilomotor nerve-fibers, 165
Pituitary body, 109
Plain muscle, 141
Plasma, 18

dextrose in, 102
Pneumogastric nerve, 39, 43, 44,

67, 68, 93, 165, 174, 194
Portal circulation, 99

vein, dilatation of, 42
innervation of, 51

Posterior longitudinal bundle,

174, 178, 179, 184, 192
Post-ganglionic nerve-fibers, 45,

162
Pre-ganglionic nerve-fibers, 45,

162
Presbyopia, 210
Pressure, arterial, 41, 44

atmospheric, 58
blood, 41
interpleural, 59
intracapillary, 32
intrapulmonary, 59
negative, 59
osmotic, 24, 32, 125
partial, 62

Pressure-sense, 170
Progression, 199
Proteid metabolism, 103, 113
Proteids, absorption of, 77, 84,

85, 89
bacterial decomposition of, 81
characteristics of, 12
composition, 12
digestion of, 77
formation of dextrose from,

101, 102, 112
of fat from, 103
of glycogen from, 101

in urine, 127
osmotic pressure of, 125

Proteids, solubility of, 13
tissue, 107

Proteoses, 13, 78, 84
Protoplasm, 11
Pseudo-nuclein, 82
Pseudo-reflex, 151
Ptyalin, 72
Pulse, 52

dicrotic, 54
form of, 53
variation of, 53

Puncture diabetes, 101
Pupil, constriction of, 190, 208

dilatation of, 209
reflexes of, 196

Pupillo-dilator fibers, 165
Pyramidal cells, 186

decussation, 187
tracts, 186, 187

*

Pyramids, decussation of, 187
section of, 190

Rami communicantes, 161
Reaction, influence of, on pep-

sin, 79
on ptyalin, 73
on rennin, 83

of blood-plasma, 19, 117
of degeneration, 149, 161
of sweat, 129
of urine, 123, 126

Recurrent sensibility, 159
Red blood-cells, 18, 29

nucleus, 186, 200
Reduced eye, 205
Referred pain, 162
Reflex action, 44

arc, 158
centers, 161
pseudo-, 151

Reflexes, 159
special, 161
tendon, 160

Refraction, 204
Regeneration of nerve-fibers, 150
Renal nerves, 124

secretion, 123
tubules, 126
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Renal vessels, 123
Rennin, 83
Residual air, 61

blood, 43
Respiration, external, 61

influence of exercise on, 66
of blood-pressure on, 54, 60
of venous blood on, 66

internal, 63
types of, 60

Respiratory capacity, 61
center, 65
muscles, 58
quotient, 61
rhythm, 65
surface, 61
volumes, 60

Restiform body, 168, 172
Retina, 204, 206, 214
Retinal areas, 218

cones, 179, 215
ganglion-cells, 179
rods, 179, 215

Rhythm, cardiac, 137
of ureters, 128
intestinal, 95
respiratory, 65

Rigor mortis, 152
Rods of retina, 179, 215

Sacral nerves, 165
Saline diuretics, 127
Saliva, 72, 77, 90

secretion of, 90, 92
Salivary glands, 90

innervation of, 165
Sebaceous glands, 131
Secretion, internal, 102, 108

of bile, 95
of gastric juice, 93
of milk, 132
of pancreatic juice, 94
of saliva, 90, 92
of sweat, 130
of urine, 123
paralytic, 92

Secretory nerves, gastric, 93
pancreatic, 94

Secretory nerves, salivary, 90, 91
sweat, 130

Semicircular canals, 199, 201
Serum, 20

globulicidal action of, 24
Serum-albumin , 1

3

coagulation temperature of,

19
solubility of, 13

Serum-globulin, 13
coagulation temperature of,

19
solubility of, 13

Shivering, 136
Short sight, 209
Skatol, 81
Smell, 220
Sneezing, 67
Soap, 87
Solubility of proteids, 13, 117
Sound, 219
Special senses, 204
Spectra, 30
Speech center, 198, 199
Spheric aberration, 211
Spinal animal, 159

cord, 154
division of, 51, 65, 125
nerve-roots, 154

Spleen, innervation of, 164
Starch, 12, 15, 72
Starvation, 62, 101, 102, 112,

113, 114
Steapsin, 87
Stearin, 16, 87, 103, -132

Stereochemical formulse, 14
Stimuli, 11, 141, 145
minimal, 143

Stomach, innervation of, 94, 164
Striae acusticse, 176
Strychnin, 131
Substantia gelatinosa., 178
Succus entericus, 74, 75, 81
Sulphuric acid, 116, 122
Superior cervical svmpathetic

ganglion, 48, 52, 91, 131, 209
Sweat, 128
Sweat-gland, innervation of, 165
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Sympathetic ganglia, 45, 48, 162
nerve-fibers, 161-165
system, 161

Tabes, 198
Taste, 221
Taurin, 89
Temperature, axillary, 138

coagulation, 19, 153
influence on cardio-augmentor

center, 46
on respiration, 66

regulation of, 135
Temperature-sense, 174
Tetanus, 144
Thalamus, optic, 168, 182, 200
Thermogenic centers, 137
Thyroid, 108

influence of, on circulation,

109
Thyroiodin, 109
Tissue proteid, 107
Tone, exaggeration of, 109

of cardio-augmentor center,

45
of cardio-inhibitory center, 44
of plain muscle, 141
of skeletal muscle, 110, 160
of vasoconstrictor center, 47
vascular, 48, 51, 110

Tracts, anterolateral ascending,

172, 198
ascending spinal, 167
descending spinal, 170, 184
direct cerebellar, 172, 199
dorsolateral, 168, 199
dorsomedian, 168, 199
pyramidal, 170, 186, 187

Transfusion, 24
Trapezium, 176
Trochlear nerve, 190
Trypsin, 79
Tympanum, 219
Tyrosin, 79, 105

Uncus, 182
Urari, 139, 142
Urea, 115

Urea, amount of, 121
excretion of, 126, 129
formation of, 103, 105

Uremia, 129
Ureter, 127
Uric acid, 105, 122

amount of, 121
excretion of, 126

Urine, albumin in, 127
amount of, 123
cane-sugar in, 74
composition of, 121
concentration of, 126
dextrose in, 101
filtration of, 125, 127
maltose in, 74
peptones in, 86
reaction of, 123, 126
specific gravity of, 123
urea in, 104

Urobilin, 90
Uterus, innervation of, 164

Vagus nerve, 39, 43, 44, 67,

68, 93, 110, 165, 174, 194
Valves, cardiac, 35, 37, 39, 40, 54

of veins, 55
Vasoconstrictor center, 47, 101

influence of afferent nerves

on, 47
of blood on, 47
of blood-pressure on, 47
of depressor nerve on, 47
of drugs on, 47, 51
of emotions on, 48

tone of, 47
nerve-fibers, course of, 48, 51,

91
cutaneous, 130
renal, 124

Vasodilator centers, 51
nerve-fibers, 51, 91

Vegetable diet, 106, 117, 123
Veins, blood-flow in, 41, 52, 53,

55
blood-pressure in, 41, 43, 44,

46, 55
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Veins, capacity of, 43
innervation of, 51
portal, 51
pulse in, 53
valves of, 55

Velocity of blood-flow, 40
Venosity of blood, inflneuce of,

on cardio - inhibitory

center, 44
on respiratory center, 66
on vasoconstrictor center,

47
Venous blood, 63

circulation, 55
Veratrin, 143
Vermis, 168, 172, 200
Vertigo, 202
Vestibular nerve, 176, 178, 199
Viscero-inliibitory nerve-fibers

of stomach, 94, 164
Visceromotor nerve-fibers of

stomach, 94, 164
Vision, 204

Vision, color, 212, 215
Visual area, 179
judgment, 218
purple, 215
reflexes, 179

Vitreous humor, 204
Vomiting, 97

Waemth, influence of, on res-

piratory center, 66
on vasoconstrictor center,

47
Waste products, 17

excretion of, 121
of muscular metabolism,

46, 66
Water, absorption of, 89

excretion of, 121, 129
in diet, 117

Work, 143
and diet, 116

Xanthin, 12, 82, 106, 152
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Keen, M. D., LL.D., F, R. C. S. (Hon.), Professor of the Principles of Sur-

gery and of Clinical Surgery, Jefferson Medical College, Philadelphia, etc.

Octavo volume of 386 pages, illustrated. Cloth, ^3.00 net.

KEEN'S OPERATION BLANK. Second Edition, Revised Form.

An Operation Blank, with Lists of Instruments, etc. Required in Various

Operations. Prepared by W. W. KEEN, M. D., LL.D., F. R. C. S. (Hon.),

Professor of the Principles of Surgery and of Clinical Surgery, Jefferson

Medical College, Philadelphia. Price per pad, of 50 blanks, 50 cts. net.



OF W. B. SAUNDERS &- CO.

KYLE ON THE NOSE AND THROAT. Second Edition.

Diseases of the Nose and Throat. By D. Braden Kyle, M. D., Clinical

Professor of Laryngology and Rhinology, Jefferson Medical College, Phila-

delphia. Octavo, 646 pages ;
over 150 illustrations and 6 lithographic plates.

Cloth, ^4.00 net ; Sheep or Half Morocco, fc.oo net.

LAINE'S TEMPERATURE CHART.
Temperature Chart. Prepared by D. T. Laine, M. D. Size 8 x 131^

inches. A conveniently arranged Chart for recording Temperature, with

columns for daily amounts of Urinary and Fecal Excretions, Food, Re-
marks, etc. On the back of each chart is given the Brand treatment of
Typhoid Fever. Price, per pad of 25 charts, 50 cts. net.

LEVY, KLEMPERER, AND ESHNER'S CLLNICAL BACTERN
OLOQY.

The Elements of Clinical Bacteriology. By Dr. Ernst Levy, Professor

in the University of Strasburg, and Dr. Felix Klemperer, Privatdocent

in the University of Strasburg. Translated and edited by AUGUSTUS A.
Eshner, M. D., Professor of Clinical Medicine, Philadelphia Polyclinic.

Octavo, 440 pages, fully illustrated. Cloth, ^2.50 net.

LOCKWOOD'S PRACTICE OF MEDICINE. Second Edition,

Revised and Enlarged.

A Manual of the Practice of Medicine. By GEORGE RoE LOCKWOOD,
M.D., Attending Physician to Bellevue Hospital, New York. Octavo, 847
pages, fully illustrated, including 22 colored plates. Cloth, $4.00 net.

LONG'S SYLLABUS OF GYNECOLOGY.
A Syllabus of Gynecology, arranged in Conformity with "An American
Text-Book of Gynecology." By J. W. LONG, M.D., Professor of Dis-

eases of Women and Children, Medical College of Virginia, etc. Cloth,

interleaved, $1.00 net.

MACDONALD'S SURGICAL DIAGNOSIS AND TREATMENT.
Surgical Diagnosis and Treatment. By J. W. Macdonald, M. D. Edin.,

F. R.C.S. Edin., Professor of Practice of Surgery and Clinical Surgery,

Hamline University. Handsome octavo, 800 pages, fully illustrated. Cloth,

S5.00 net; Sheep or Half Morocco, $6.00 net.

MALLORY AND WRIGHT'S PATHOLOGICAL TECHNIQUE.
Second Edition, Revised and Enlarged.

Pathological Technique. A Practical Manual for Laboratory Work in

Pathology, Bacteriology, and Morbid Anatomy, with chapters on Post-

Mortem Technique and the Performance of Autopsies. By FRANK B.

^L\LLORY, A. M., M. D., Assistant Professor of Pathology, Harvard Uni-
versity Medical School, Boston; and James H. Wright, A. M., M.D.,
Instructor in Pathology, Harvard University Medical School, Boston.

Octavo, 432 pages, fully illustrated. Cloth, $3.00 net.

McCLELLAN'S ANATOMY IN ITS RELATION TO ART.
Anatomy in its Relation to Art. An Exposition of the Bones and Muscles

of the Human Body, with Reference to their Influence upon its Actions

and External Form.' By George McClell.\N, M. D., Professor of Anat-

omy, Pennsylvania Academy of Fine Arts. Handsome quarto, 9 by iij^

inches. Illustrated with 338 original drawings and photographs, 260 pages

of text. Dark Blue Vellum, $10.00 net ; Half Russia, ;^i2.oo net.



lo MEDICAL PUBLICATIONS

McCLELLAN'S REGIONAL ANATOMY.
Regional Anatomy in its Relations to Medicine and Surgery. By GEORGE
McClellan, M. D., Professor of Anatomy at the Pennsylvania Academy
of Fine Arts. In two handsome quarto volumes, 884 pages of text, and
97 full-page chromo-lithographic plates, reproducing the author's original

dissections. Price: Cloth, ^12.00 net ; Half Russia, ^^15.00 net.

McFARLAND'S PATHOGENIC BACTERIA. Third Edition,

increased in size by over lOO Pages.

Text-Book upon the Pathogenic Bacteria. By Joseph McFarland,
M. D., Professor of Pathology and Bacteriology, Medico- Chirurgical Col-

lege, Phila., etc. Octavo, 621 pages, finely illustrated. Cloth, ^3.25 net.

MEIQS ON FEEDING IN INFANCY.
Feeding in Early Infancy. By ARTHUR V. MEIGS, M. D. Bound in limp
cloth, flush edges, 25 cts. net.

MOORE'S ORTHOPEDIC SURGERY.
A Manual of Orthopedic Surgery. By James E. Moore, M. D., Professor
of Orthopedics and Adjunct Professor of Clinical Surgery, University of
Minnesota, College of Medicine and surgery. Octavo volume of 356 pages,
handsomely illustrated. Cloth, ^2.50 net.

MORTEN'S NURSES' DICTIONARY.
Nurses' Dictionary of Medical Terms and Nursing Treatment. Containing
Definitions of the Principal Medical and Nursing Terms and Abbreviations

;

of the Instruments, Drugs, Diseases, Accidents, Treatments, Operations,
Foods, Appliances, etc. encountered in the ward or in the sick-room. By
Honnor Morten, author of" How to Become a Nurse," etc. i6mo, 140
pages. Cloth, ^i.oo net.

NANCREDE'S ANATOMY AND DISSECTION. Fourth Edition.

Essentials of Anatomy and Manual of Practical Dissection. By CHARLES
B. Nancrede, M. D., LL.D., Professor of Surgery and of CHnical Surgery,
University of Michigan, Ann Arbor. Post-octavo, 500 pages, with full-page

lithographic plates in colors and nearly 200 illustrations. Extra Cloth (or

Oilcloth for dissection-room), ^2.00 net.

NANCREDE'S PRINCIPLES OF SURGERY.
Lectures on the Principles of Surgery. By CHARLES B. NANCREDE, M. D.,

LL.D,, Professor of Surgery and of Clinical Surgery, University of Michigan,
Ann Arbor. Octavo, 398 pages, illustrated. Cloth, ^2.50 net.

NORRIS'S SYLLABUS OF OBSTETRICS. Third Edition,

Revised.
Syllabus of Obstetrical Lectures in the Medical Department, University of

Pennsylvania. By RICHARD C. Norrjs, A. M., M. D., Instructor in Obstet-

rics and Lecturer on Clinical and Operative Obstetrics, University of Penn-
sylvania. Crown octavo, 222 pages. Cloth, interleaved, ^2.00 net.
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OODEN ON THE URINE.
Clinical Examination of the Urine and Urinary Diagnosis. A Clinical Guide
for the Use of Practitioners and Students of Medicine and Surgery. By J.

Bergen Ogden, M. D., Instructor in Chemistry, Harvard University Med-
ical School. Handsome octavo, 416 pages, with 54 illustrations, and a num-
ber of colored plates. Cloth, ^3.00 net.

PENROSE'S DISEASES OF WOMEN. Fourth Edition, Revised,

A Text-Book of Diseases of Women. By Ch.\rles B. Penrose, M. D.,

Ph. D.,formerlv Professor of Gynecology in the University of Pennsylvania.

Octavo volume of 538 pages, handsomely illustrated. Cloth, ^3.75 net.

PRYOR—PELVIC INFLAMMATIONS.
The Treatment of Pelvic Inflammations through the Vagina. By W. R.
Prvor, M. D., Professor of Gynecology, New York Polyclinic. i2mo, 248
pages, handsomely illustrated. Cloth, $2.00 net.

PYE'S BANDAGING.
Elementary Bandaging and Surgical Dressing. With Directions concerning
the Immediate Treatment of Cases of Emergency. By WALTER Pye,
F. R. C.S., late Surgeon to St. Mary's Hospital, London. Small i2mo,
over 80 illustrations. Cloth, flexible covers, 75 cts. net.

PYLE'S PERSONAL HYGIENE.
A Manual of Personal Hygiene. Proper Living upon a Physiologic Basis.

Edited by Walter L. Pyle, M. D., Assistant Surgeon to the Wills Eye
Hospital, Philadelphia. Octavo volume of 344 pages, fully illustrated.

Cloth, $1.50 net.

RAYMOND'S PHYSIOLOGY. Second Edition, Entirely Re=
written and Greatly Enlarged.

A Text-Book of Physiology. By Joseph H. Raymond, A.M., ]SI. D.,

Professor of Physiology and Hygiene in the Long Island College Hospital,

and Director of Physiology in Hoagland Laboratory, New York. Octavo,
668 pages, 443 illustrations. Cloth, $3.50 net.

SALINGER AND KALTEYER'S MODERN MEDICINE.
Modern Medicine. By Julh'S L. Salinger, M.D., Demonstrator of
Chnical Medicine, Jefferson Medical College ; and F. J. Kalteyer, M. D.,

Assistant Demonstrator of Clinical Medicine, Jefferson Medical College.

Handsome octavo, 801 pages, illustrated. Cloth, $4.00 net.

SAUNDBY'S RENAL AND URINARY DISEASES.
Lectures on Renal and Urinary Diseases. Bv Robert S.\UNDRY, M. D.
Edin., Fellow of the Royal College of Physicians, London, and of the Royal
Medico-Chirurgical Society ; Professor of Medicine in Mason College, Bir-

mingham, etc. Octavo, 434 pages, with numerous illustrations and 4 colored
plates. Cloth, S2.50 net.

SAUNDERS' MEDICAL HAND=ATLASES. See pages 16

and 17.
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SAUNDERS' POCKET MEDICAL FORMULARY. Sixth Edi=

tion, Revised.

By William M. Powell, M. D., author of " Essentials of Diseases of

Children "
; Member of Philadelphia Pathological Society. Containing 1844

formulae from the best-known authorities. With an Appendix containing

Posological Table, Formulae and Doses for Hypodermic Medication,

Poisons and their Antidotes, Diameters of the Female Pelvis and Fetal

Head, Obstetrical Table, Diet Lists, Materials and Drugs used in Antiseptic

Surgery, Treatment of Asphyxia from Drowning, Surgical Remembrancer,
Tables of Incompatibles, Eruptive Fevers, etc., etc. Flexible morocco,
with side index, wallet, and flap. $2.00 net.

SAUNDERS' QUESTION=COMPENDS. See pages 14 and 15.

SCUDDER'S FRACTURES. Second Edition, Revised.

The Treatment of Fractures. By Chas L. Scudder, M. D., Assistant in

Clinical and Operative Surgery, Harvard University Medical School. Oc-
tavo, 433 pages, with nearly 600 original illustrations. Polished Buckram,
^4.50 net; H .If Morocco, $5.50 net.

SENN'S QENiTO=URlNARY TUBERCULOSIS.
Tuberculosis of the Genito-Urinary Organs, Male and Female. By NICH-
OLAS Senn, M. D., Ph. D., LL.D., Professor of the Practice of Surgery and
of Clinical Surgery, Rush Medical College, Chicago. Handsome octavo
volume of 320 pages, illustrated. Cloth, $3.00 net.

SENN'S PRACTICAL SURGERY.
Practical Surgery. By NICHOLAS Senn, M. D., Ph.D., LL.D., Professor

of the Practice of Surgery and of Clinical Surgery, Rush Medical College,

Chicago. Handsome octavo volume of 1133 pages, 642 illustrations.

Cloth, ^6.00 net ; Sheep or Half Morocco, ^7.00 net. By Subscription.

SENN'S SYLLABUS OF SURGERY.
A Syllabus of Lectures on the Practice of Surgery, arranged in conformity
with " An American Text-Book of Surgery." By Nicholas Senn, M. D.,
Ph.D., LL.D., Professor of the Practice of Surgery and of Clinical Surgery.
Rush Medical College, Chicago. Cloth, ^1.50 net.

SENN'S TUMORS. Second Edition, Revised.

Pathology and Surgical Treatment of Tumors. By NICHOLAS Senn, M. D.,

Ph.D., LL.D., Professor of the Practice of Surgery and of Clinical Surgery,

Rush Medical College, Chicago. Octavo volume of 718 pages, with 478
illustrations, includidg 12 full-page plates in colors. Cloth, ^5.00 net ; Sheep
or Half Morocco, ^6.00 net.

SOLLMANN'S PHARMACOLOGY.
A Text-Book of Pharmacology. By Torald Soll]\^ANN. M. D., Assistant

Professor of Pharmacology and Materia Medica, Western Reserve Univer-
sity, Cleveland, Ohio. Royal octavo volume of 894 pages, fully illustrated.

Cloth, ^3.75 net.
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STARR'S DIETS FOR INFANTS AND CHILDREN.
Diets for Infants and Children in Health and in Disease. By Louis Starr,
M. D., Editor of " An Americaa Text-Book of the Diseases of Children."

230 blanks (pocket-book size), perforated and neatly bound in flexible

morocco. $125 net.

STENGEL'S PATHOLOGY. Third Edition, Thoroughly Revised.

A Text-Book of Pathology. By ALFRED STENGEL. M. D., Professor of
• Clinical Medicine, University of Pennsylvania ; Visiting Physician to the

Pennsylvania Hospital. Octavo, 873 pages, nearly 400 illustrations many
of them in colors. Cloth, $5.00 net

; Sheep or Half Morocco, 36.00 net.

STENGEL AND WHITE ON THE BLOOD.
The Blood in its Clinical and Pathological Relations. By ALFRED STEN-
GEL. M. D., Professor of Clinical Medicine, University of Pennsylvania; and
C.Y.White, Jr., M. D., Instructor in Clinical Medicine, University of

Pennsylvania. In Press.

STEVENS' MATERIA MEDICA AND THERAPEUTICS. Third
Edition, Entirely Rewritten and Greatly Enlarged.

A Text-Book of Modern Therapeutics. By A, A. STEVENS, A. M., M. D.,

Lecturer on Physical Diagnosis in the University of Pennsylvania.

STEVENS' PRACTICE OF MEDICINE. Fifth Edition, Revised.
A Manual of the Practice of Medicine. By A. A. Stevens, A. M., M. D.,

Lecturer on Physical Diagnosis in the University of Pennsylvania. Spe-
cially intended for students preparing for graduation and hospital examina-
tions. Post-octavo, 519 pages ; illustrated. Flexible Leather, ;^2.oo net.

STEWART'S PHYSIOLOGY. Fourth Edition, Revised.

A Manual of Physiology, with Practical Exercises. For Students and Prac-

titioners. By G. N. Stewart, M. A., M. D., D.Sc, Professor of Physiol-

ogy in the Western Reserve University, Cleveland, Ohio. Octavo volume
of 894 pages

; 336 illustrations and 5 colored plates. Cloth, ^3.75 net.

STONEY'S MATERIA MEDICA FOR NURSES.
Materia Medica for Nurses. By EMILY A. M. Stoney, late Superintend-
ent of the Training-School for Nurses, Carney Hospital, South Boston,
Mass. Handsome octavo volume of 306 pages. Cloth, ^1.50 net.

STONEY'S NURSING. Second Edition, Revised.
Practical Points in NuEsing. For Nurses in Private Practice. By EMILY
A. M. Stoney, late Superintendent of the Training-School for Nurses,
Carney Hospital. South Boston, Mass. 456 pages, with 73 engravings and
8 colored and half-tone plates. Cloth, $1.75 net.

STONEY'S SURGICAL TECHNIC FOR NURSES.
Bacteriology and Surgical Technic for Nurses. By EMILY A. M. STONEY,
late Superintendent of the Training-School for Nurses, Carney Hospital,

South Boston, Mass. i2mo vchime, fully illustrated. Cloth, ^1.25 net.

THOMAS'S DIET LISTS. Second Edition, Revised.
Diet Lists and Sick-Room Dietary. By JEROME B. THOMAS, M. D., In-
structor in Materia Medica, Long Island Hospital ; Assistant Bacteriologist

to the Hoagland Laboratory. Cloth, ^1.25 net. Send for sample sheet.
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THORNTON'S DOSE=BOOK AND PRESCR1PTI0N=WRITINQ.
Second Edition, Revised and Enlarged.

Dose-Book and Manual of Prescription-Writing. By E. Q. THORNTON,
M. D., Demonstrator of Therapeutics, Jefferson Medical College, Philadel-

phia. Post-octavo, 362 pages, illustrated. Flexible Leather, ^2.00 net.

VAN VALZAH AND NISBET'S DISEASES OF THE STOMACH.
Diseases of the Stomach. By WILLIAM W. Van Valzah, M. D., Pro-
fessor of General Medicine and Diseases of the Digestive System and the

Blood, New York Polyclinic; and J. DOUGLAS NiSBET, M.D., Adjunct
Professor of General Medicine and Diseases of the Digestive System and
the Blood, New York Polyclinic. Octavo volume of 674 pages, illustrated.

Cloth, $3.50 net.

VECKl'S SEXUAL IMPOTENCE, Third Edition, Revised-

The Pathology and Treatment of Sexual Impotence. By VICTOR G. Vecki,
M. D. From the second German edition, revised and enlarged. Demi-
octavo, 329 pages. Cloth, ^2.00 net.

VIERORDT'S MEDICAL DIAGNOSIS. Fourth Edition, Re=
vised.

Medical Diagnosis. By Dr. OSWALD ViERORDT, Professor of Medicine,

University of Heidelberg. Translated, with additions, from the fifth en-

larged German edition, with the author's permission, by Francis H.
Stuart, A. M., M. D. Handsome octavo volume, 603 pages; 194 wood-
cuts, many of them in colors. Cloth, 4.00 net ; Sheep or Half-Morocco,

^5.00 net.

WATSON'S HANDBOOK FOR NURSES.
A Handbook for Nurses. By J. K. Watson, M. D. Edin. American
Edidon, under supervision of A. A. Stevens, A. M., M. D., Lecturer on
Physical Diagnosis, University of Pennsylvania. i2mo, 413 pages, 73 illus-

trations. Cloth, ^1.50 net.

WARREN'S SURGICAL PATHOLOGY. Second Edition.
Surgical Pathology and Therapeutics. By John COLLINS Warren, M. D.,
LL.D., F. R. C. S. (Hon.), Professor of Surgery, Harvard Medical School.
Handsome octavo, 873 pages ; 136 relief and lithographic illustradons, 33 in
colors. With an .Appendix on Scientific Aids to Surgical Diagnosis, and a
series of articles on Regional Bacteriology. Cloth, ^5.00 net ; Sheep or
Half Morocco. $6.00 net.

WARWICK AND TUNSTALL'S FIRST AID TO THE INJURED
AND SICK.

First Aid to the Injured and Sick. By F.J. Warwick, B. A., M. B.
Cantab., M. R. C. S., Surgeon-Captain, Volunteer Medical Staff Corps,
London Companies; and A. C. TUNSTALL, M. D., F. R. C. S. Ed., Sur-
geon-Captain commanding East London Volunteer Brigade Bearer Com-
pany. i6nio, 232 pages, and nearly 200 illustrations. Cloth, ;^i.oo net.

WOLF'S EXAMINATION OF URINE.
A Hand-fjook of Physiologic Chemistry and Urine Examination. By
Charles G. L. Wolf, M. D., Instructor in Physiologic Chemistry, Cor-
nell University Medical College. i2mo volume of 204 pages, 47 illustra-

tions. Cloth, ^1.25 net.



Sau nders'
Question=Compend Series

Price, Cloth, $i.oo net per copy, except when otherwise noted.

'Where the work of preparing students' manuals is to end we cannot say, but the Saunders
Series, in our opinion, bears off the palm at present."

—

New York Medical Record.

1. Essentials of Physiology. By Sidney Budgett, M. D. An entirely new
ivo) k.

2. Essentials of Surgery. By Edward Martin, M. D. Seventh edition, revised,
with an Appendix and a chapter on Appendicitis.

3. Essentials of Anatomy. By Charles B. Nancrede, M. D. Sixth edition,
thoroughly revised and enlarged.

4. Essentials of Medical Chemistry, Organic and Inorganic. By Lawrence
Wolff, M. D. Fifth edition, revised.

6. Essentials of Obstetrics. By W. Easterly Ashton, M. D. Fourth edition,
revised and enlarged.

6. Essentials of Pathology and Morbid Anatomy. By f. j. Kalteyer, m. d.
In preparation

.

7. Essentials of Materia Medica, Therapeutics, and Prescription-Writing.
By Henry Morris, M. D. Fifth edition, revised.

8. 9. Essentials of Practice of Medicine. By Henry Morris, M. D. An Ap-
pendix on Urine Examination. By Lawrence Wolff, M. D. Third edition,
enlarged by some 300 Essential Formulae, selected from eminent authorities, by
Wm. M. Powell, M. D. (Double number, ^1.50 net.)

10. Essentials of Gynecology. By Edwin B. Cragin, M. D. Fifth edition,
revised.

11. Essentials of Diseases of the Skin. By Henry w. Stelwagon, m. d.
Fourth edition, revised and enlarged.

12. Essentials Of Minor Surgery, Bandaging, and Venereal Diseases. By
Edward Martin, I\L D. Second edition, revised and enlarged.

13. Essentials of Legal Medicine, Toxicology, and Hygiene. This volume is

at present out of print.

14. Essentials of Diseases of the Eye. By Edward Jackson, M. D. Third
edition, revised and enlarged.

16. Essentials Of Diseases of Children. By William M. Powell, M. D. Third

16. Essentials OfExamination of Urine. By Lawrence Wolff, M. D. Colored
" VoGEL Sc.\LE." (75 cents net.)

17. Essentials of Diagnosis. By S. Solis-Cohen, M. D., and A. A. Eshner, M. D.
Second edition, thoroughly revised.

18. Essentials of Practice of Pharmacy. By Lucius E. Sayre. Second edition,

revised and enlarged.

19. Essentials of Diseases of the Nose and Throat. By E. B. Glbason, m. d
Third edition, revised and enlarged.

20. Essentials of Bacteriology. By M. V. Ball, M. D. Fourth edition, revised.

21. Essentials of Nervous Diseases and Insanity. By John c. Shaw, m. d
Third edition, revised.

22. Essentials of Medical Physics. By Fred J. Brockway, M. D. Second edi

tion, revised.

23. Essentials of Medical Electricity. By David D. Stewart, M. D., and Ed
WARD S. Lawrance, M. D.

24. Essentials of Diseases of the Ear. By E. B. Gleason, M. D. Second edition

revised and greatly enlarged.

26. Essentials of Histology. By Louis Leroy, M. D. With 73 original illustrations,

Pamphlet containing specimen pages, etc., sent free upon application.
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Saunders' Medical Hand=Atlases.

VOLUMES NOW READY,

ATLAS AND EPITOME OF INTERNAL MEDICINE AND
CLINICAL DIAGNOSIS.

By Dr. Chr. Jakob, of Erlangen, Edited by Augustus A. Eshner,
M. D., Professor of Clinical Medicine, Philadelphia Polyclinic. With 179
colored figures on 68 plates, 64 text-illustrations, 259 pages of text. Cloth,

^3.00 net.

ATLAS OF LEGAL MEDICINE.
By Dr. E. R. von Hoffman, of Vienna. Edited by Frederick Peter-
son, M. D., Chief of Clinic, Ner\'ous Department, College of Physicians and
Surgeons, New York. With 120 colored figures on 56 plates and 193 beau-
tiful half-tone illustrations. Cloth, $3.50 net.

ATLAS AND EPITOME OF DISEASES OF THE LARYNX.
By Dr. L. Grunwald, of Munich. Edited by Charles P. Grayson,
M. D., Physician-in-Charge, Throat and Nose Department, Hospital of the

University of Pennsylvania. With 107 colored figures on 44 plates, 25 text-
.

illustrations, and 103 pages of text. Cloth, $2.50 net.

ATLAS AND EPITOME OF OPERATIVE SURGERY.
By Dr. O. Zuckerkandl, of Vienna. Edited by J. Chalmers DaCosta,
M. D., Professor of Principles of Surgery and CHnical Surger3^ Jefferson

Medical College, Philadelphia. With 24 colored plates, 214 text-illustra-

tions, and 395 pages of text. Cloth, $3.00 net.

ATLAS AND EPITOME OF SYPHILIS AND THE VENEREAL
DISEASES.

By Prof. Dr. Franz Mracek, of Vienna. Edited by L. Bolton Bangs,
M. D., Professor of Genito-Urinary Surgery, University and Bellevue Hos-
pital Medical College, New York. With 71 colored plates, 16 illustrations,

and 122 pages of text. Cloth, $3.50 net.

ATLAS AND EPITOME OF EXTERNAL DISEASES OF THE
EYE.

By Dr. O. Haab, of Zurich. Edited by G. E. DE SCHWEINITZ, M. D.,

Professor of Ophthalmology, Jefferson Medical College, Philadelphia. With
76 colored illustrations on 40 plates and 228 pages of text. Cloth, ^3.00 net.

ATLAS AND EPITOME OF SKIN DISEASES.
By Prof. Dr. Franz Mracek, of Vienna. Edited by Henry W. Stel-
WAGON. M.D., Clinical Professor of Dermatology, Jefferson Medical Col-

lege, Philadelphia. With 63 colored plates, 39 half-tone illustrations, and
200 pages of text. Cloth, ^3.50 net.

ATLAS AND EPITOME OF SPECIAL PATHOLOGICAL HIS-
TOLOGY.

By Dr. H. DOrck, of Munich. Edited by LUDVIG Hektoen, M. D.,

Professor of Pathology, Rush Medical College, Chicago. In Two Parts.

Part I., including Circulatory, Respiratory, and Gastro-intestinal Tract,

120 colored figures on 62 plates, 158 pages of text. Part U., including

Liver, Urinary Organs, Sexual Organs, Nervous System, Skin, Muscles,

and Bones. 123 colored figures on 60 plates, 192 pages of text. Per

volume: Cloth, ^3.00 net.
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VOLUMES JUST ISSUED.

ATLAS AND EPITOME OF DISEASES CAUSED BY ACCI-
DENTS.

By Dr. Ed. Golebiewski, of Berlin. Edited with additions by Pearce
Bailey, M. D., Attending Physician to the Department of Corrections and

to the Almshouse and Incurable Hospitals, New York. With 40 colored

plates, 143 te.xt-illustrations, and 600 pages of text. Cloth, 34-Oo ^i^t.

ATLAS AND EPITOME OF GYNECOLOGY.
Bv Dr. O. SHAEFEER, of Heidelberg. From the Second Revised German
Edition. Edited bv RICHARD C. NORRIS, A. M., M.D., Gynecologist to

the Methodist Episcopal and the Philadelphia Hospitals ;
Surgeon-in-Charge

of Preston Retreat, Philadelphia. With 90 colored plates, 65 text-illustra-

tions, and 308 pages of text. Cloth, 33-5° ^^^•

ATLAS AND EPITOME OF THE NERVOUS SYSTEM AND
ITS DISEASES.

By Professor Dr. Chr. Jakob, of Erlangen. From the Second Revised

and Enlarged German Edition. Edited by EDWARD D. FiSHER, M. D.,

Professor of Diseases of the Nervous System, University and Bellevue Hos-
pital Medical College, X. Y. With 83 plates; copious text. Ss-So net,

ATLAS AND EPITOME OF LABOR AND OPERATIVE OB-
STETRICS.

By Dr. O. Shaeffer, of Heidelberg. From the Fifth Revised and Enlarged
German Edition. Edited by J. CLlfTON EDGAR, M. D., Professor of Ob-
stetrics and Clinical Midwifery, Cornell University Medical School. With
126 colored illustrations. $2.00 net.

ATLAS AND EPITOME OF OBSTETRICAL DIAGNOSIS AND
TREATMENT.

By Dr. O. Shaeffer, of Heidelberg. From the Second Revised and En-
larged German Edition. Edited by J. Clifton Edgar, M. D., Professor

of Obstetrics and Clinical Midwifery, Cornell University Medical School.

72 colored p'ates, numerous text-illustrations, and copious text. S300 net.

ATLAS AND EPITOME OF OPHTHALMOSCOPY AND OPH=
THALMOSCOPIC DIAGNOSIS.

By Dr. O. Haab, of Zurich. From the Third Revised and Enlarged Ger-
man Edition. Edited by G. E. DE SCHWEINITZ, M. D., Professor of Oph-
thalmology, Jefferson ^iedical College, Philadelphia. With 152 colored
figures and 82 piges of text. Cloth, S3.00 net.

ATLAS AND EPITOME OF BACTERIOLOGY.
Including a Hand-Book of Special Bacteriologic Diagnosis. By Prof. Dr.
K. B. Lehmann and Dr. R. O. Neuma.VN, of Wurzburg. From the Second
Revised German Edition. Edited by George H. Weaver, M. D., Assistant
Professor of Pathology and Bacteriolog\', Rush Medical College. In Two
Parts. Part I., consisting of 632 colored figures on 69 plates. Part II,,

consisting of 511 pages of text, illustrated. Per set: Cloth, 35.00 net.
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Nothnagel's Encyclopedia

OF

PRACTICAL MEDICINE.
Edited by ALFRED STENGEL, M.D.,

Professor of Clinical Medicine in the University of Pennsylvania ; Visiting

Physician to the Pennsylvania Hospital.

IT is universally acknowledged that the Germans lead the world in Internal Medicine

;

and of all the German works on this subject. Nothnagel's " Special Pathology and

Therapeutics" is conceded by scholars to be without question the best System of

Medicine in existence. So necessary is this book in the study of Internal Medicine

that it comes largely to this country in the original German. In view of these facts,

Messrs. W. B. Saunders & Company have arranged with the publishers to issue at once

an authorized edition of this great encyclopedia of medicine in English.
•

For the present a set of some ten or twelve volumes, representing the most practical

part of this encyclopedia, and selected with especial thought of the needs of the practical

physician, will be published. These volumes will contain the real essence of the entire

work, and the purchaser will therefore obtain at less than half the cost the cream of the origi-

nal. Later the special and more strictly scientific volumes will be offered from time to time.

The work will be translated by men possessing thorough knowledge of both English and

German, and each volume will be edited by a prominent specialist on the subject to

which it is devoted. It will thus be brought thoroughly up to date, and the American edition

will be more than a mere translation of the German; for, in addition to the matter contained

in the original, it will represent the very latest views of the leading American special-

ists in the various departments of Internal Medicine. The whole System will be under the

editorial supervision of Dr. Alfred Stengel, who will select the subjects for the American

edition, and will choose the editors of the different volumes.

Unlike most encyclopedias, the publication of this work will not be extended over a

number of years, but five or six volumes will be issued dunng the coming year, and the

remainder of the series at the same rate. Moreover, each volume will be revised to the

date of its publication by the American editor. This will obviate the objection that has

heretofore existed to systems published in a number of volumes, since the subscriber will

receive the completed work while the earlier volumes are still fresh.

The usual method of p^bhshers, when issuing a work of this kind, has been to compel

physicians to take the entire System. This seems to us in many cases to be undesirable.

Therefore, in purchasing this encyclopedia, physicians will be given the opportunity of

subscribing for the entire System at one time ; but any single volume or any number of

volumes may be obtained by those who do not desire the complete series. This latter

method, while not so profitable to the publisher, offers to the purchaser many advan-

tages which will be appreciated by those who do not care to subscribe for the entire work

at one time.

This American edition of Nothnagel's Encyclopedia will, without question, form the

greatest System of Medicine ever produced, and the publishers feel confident that it

will meet with general favor in the medical profession.
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NOTHNAGEL'S ENCYCLOPEDIA
VOLUMES JUST ISSUED AND IN PRESS

VOLUME I

Editor, William Osier, M. D.,

F.R.CP.
Professor of Medicine in Johns Hopkins

University

CONTENTS
Typhoid Fever. By Dr. H. Curschmann,

of Leipsic, Typhus Fever. By Dr. H.
CuKSCHMANN, of Leipsic.

Handsome octavo volume of about 600 pages.

Just Issued

VOLUME n
Editor, Sir J. W. Moore, B.A^ M. D.,

F.R.CP.L, of Dublin
Professor of Practice of Medicine, Royal

College of Surgeons in Ireland

CONTENTS
Erysipelas and Erysipeloid. By Dr. H.
Lenhartz, of Hamburg. Cholera Asi-
atica and Cholera Nostras. By Dr.
K. VON LiEBERMEiSTER, of TQbingen.
Whooping Cough and Hay Fever. By
Dr. G. Sticker, of Giessen. Varicella.
By Dr. Th. von Jurgensen, of Tiibingen.
Variola (including Vaccination). By
Dr. H. Immermann, of Basle.

Haudsome octavo volume of over 700 pages.

Just Issued

VOLUME vn
Editor, John H, Musser, M, D.

Professor of Clinical Medicine , University

of Pennsylvania

CONTENTS
Diseases of the Bronchi. By Dr. F. A.
HoFFM.\NN. of Leipsic. Diseases of the
Pleura. By Dr. Rosenbach, of Berlin.

Pneumonia. By Dk. E. Aufrecht, of

Magdeburg.

VOLUME vni

Editor, Charles G. Stockton, M. D.

Professor ofMedicine, University ofBuffalo

CONTENTS
Diseases of the Stomach.
RiEGEL, of Giessen.

By Dr. F.

VOLUME IX

Editor, Frederick A. Packard, M. D.

Physician to the Pennsylvania Hospital and
to the Children's Hospital, Philadelphia

CONTENTS
Diseases of the Liver. By Drs. H.
Quincke and G. Hoppe-Sevler, of Kiel.

VOLUME m
Editor, William P. Northrwp, M, D.

Professor of Pediatrics, University and
Bellevite Medical College

CONTENTS
Measles. By Dr. Th. von Jurgensen, of

Tiibingen. Scarlet Fever. By the same
author. Rotheln. Bv the same author.

VOLUME X
Editor, ReginaldH, Fitz, A.M., M,D.
Hersey Professor of the Theory and Prac-

tice of Physic, Harvard University

CONTENTS
Diseases of the Pancreas. B3- Dr. L.

OsER, of Vienna. Diseases of the Supra-
renals. By Dr. E. Neussek, of Vienna.

VOLUME VI
Editor, Alfred Stengel, M. D.

Professor of Clinical ^ledicine. University

of Pennsylvania

CONTENTS
Anemia. By Dr. P. Ehrlich, of Frank-

fort-on-the-ilain, and Dr. A. Laz.\rus, of
Charlottenburg. Chlorosis. By Dr. K.
VON XoORDEN, of Frankfort-on-the-Maln.
Diseases of the Spleen and Hemor-
rhagic Diathesis. By Dr. M. Litten,
of Berlin.

VOLUMES IV, V, and XI

Editors announced later

Vol. IV.—Influenza and Dengue. By Dr.
O. Leichtenstein, of Cologne. Malarial
Diseases. By Dr. J. Mann.\berg, of

Vienna.

Vol.V.—Tuberculosis and Acute General
Miliary Tuberculosis. By Dk. G. Cor-
net, of Berlin.

Vol. XI.—Diseases of the Intestines and
Peritoneum. By Dr. H. Nothnagel,
of Vienna.
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CLASSIFIED LIST
OF THE

MEDICAL PUBLICATIONS
OF

W. B. Saunders & Company.

ANATOMY, EMBRYOLOGY, HIS-

1

TOLOGY.
j

Bohm, Davidoff, and Huber—A Text-

Book of Histology, 4
Clarkson—A Text-Book of Histology, . 5

Haynes—A Manual of Anatomy, ... 7

Heisler—A Text-Book of Embryology, . 7

Leroy—Essentials of Histology, .... 15

McClellan—Anatomy in Relation to

Art ; Regional Anatomy, 9, 10

Nancrede—Essentials of Anatomy, ... 15

Nancrede—Essentials of Anatomy and
Manual of Practical Dissection, .... 10

BACTERIOLOGY.
Ball—Essentials of Bacteriology, .... 15

Frothingham—Laboratory Guide, ... 6

Gorham—Laboratory Bacteriology, . . 6

Lehmann and Neumann—Atlas of

Bacteriology, 17

Levy and Klemperer's Clinical Bacte-

riology, 9

Mallory and Wright— Pathological

Technique, 9
McFarland—Pathogenic Bacteria, ... 10

CHARTS, DIET-LISTS, ETC.
Griffith—Infant's Weight Chart, ... 7

Hart—Diet in Sickness and in Health, . 7

Keen—Operation Blank, 8

Laine—Temperature Chart, 9
Meigs—Feeding in Early Infancy, ... 10

Starr— Diets for Infants and Children, . 13
Thomas—Diet-Lists, 13

CHEMISTRY AND PHYSICS.
Brockway— Ess. of Medical Physics, . 15

Jelliffe and Diekman^Chemistry, . . 22

Wolf—Examination of Urine, 14

Wolff— Essentials of Medical Chemistry, 15

CHILDREN.
An American Text-Book of Diseases

of Children,
Griffith—Care of the Baby, . .

Griffith—^Diseases of Children, .

Griffith— Infant's Weight Chart, .

Meigs— P'eeding in Early Infancy,
Powell— Essentials of Dis. of Children, 15
Starr— Diets for Infants and Children, . 13

DIAGNOSIS.
Cohen and Eshner—Essentials of Diag-

nosis, 15
Corwin— Physical Diagnosis, 5
Vierordt—Medical Diagnosis, 14

DICTIONARIES.
The American Illustrated Medical

I)ictionary, 3
The American Pocket Medical Dic-

tionary, . . 3
Morton—Nurses' Dictionary, lo

EYE, EAR, NOSE, AND THROAX
An American Text-Book of Diseases

of the Eye, Ear, Nose, and Throat, . . i

De Schweinitz—Diseases of the Eye, . 6

Friedrich and Curtis—Rhinology, Lar-
yngology, and Otology, 6

Gleason— Essentials of the Ear, .... 15

Gleason—Essentials of Nose and Throat, 15

Gradle—Ear, Nose, and Throat, . . 22

Grunwald and Grayson—Atlas of Dis-
eases of the Laryn.x, 16

Haab and de Schweinitz—Atlas of Ex-
ternal Diseases of the Eye, 16

Jackson—Manual of Diseases of the Eye, 8

Jackson— Essentials Diseases of Eye, . 15

Kyle—Diseases of the Nose and Throat, g

GENITO-URINARY.
An American Text-Book of Genito-
urinary and Skin Diseases, a

Hyde and Montgomery—Syphilis and
the Venereal Diseases, 8

Martin—Essentials of Minor Surgery,
Bandaging, and Venereal Diseases, . . 15

Mracek and Bangs—Atlas of Syphilis
and the Venereal Diseases, i6

Saundby—Renal and Urinary Diseases, 11

Senn—Genito-Urinary Tuberculosis, . . 12
Vecki—Se.xual Impotence, 14

GYNECOLOGY.
American Text-Book of Gynecology, , a
Cragin— Essentials of Gynecology, . . 15
Garrigues—Diseases of Women, .... 6
Long—Syllabus of Gynecology, .... 9
Penrose—Diseases of Women, it
Pryor— Pelvic Inflammations, ii
Schaeffer and Norris

—

Atlas of Gyne-
cology, jy

HYGIENE.
Abbott—Hygiene of Transmissible Dis-

eases, 3

Bergey— Principles of Hygiene, .... ^

Pyle—Personal Hygiene, 11

MATERIA MEDICA, PHARMA-
COLOGY, and THERAPEUTICS.

An American Text-Book of Applied
Tiierapeutics, 1

Butler—Text-Book of Materia Medica,
Therapeutics, and Pharmacology, . . 4

Morris—Ess. of M. M. and Therapeutics, 15
Saunders' Pocket Medical Formulary, . 12
Sayre— Essentials of Pharmacy, .... 15
SoUmann—Text-Book of Pharmacology, 12

Stevens—Modern Therapeutics, ... 13
Stoney—Materia Medica for Nurses, . . 13
Thornton— I'rescription-Writing, ... 14
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MEDICAL PUBLICA TIONS 21

MEDICAL JURISPRUDENCE AND
[

TOXICOLOGY.
Chapman— Medical Jiarisprudence and
Toxicology 5

Golebiewski and Bailey—Atlas of Dis-

eases Caused by Accidents, 17
Hofmannand Peterson—Atlas of Legal
Medicine, 16

NERVOUS AND MENTAL DIS-
EASES, ETC.

Brower—Manual of Insanity 22

Chapin—Compendium of Insanity. . . . 5
Church and Peterson—Nervous and 5

Mental Diseases 5

Jakob and Fisher—Atlas of Nervous
System, .- 17

Shaw— Essentials of Nervous Diseases
and Insanity, 15

NURSING.
Davis—Obstetric and Gynecologic Nurs-

ing, 5

Griffith—The Care of the Baby, .... 7
Hart—Diet in Sickness and in Health, . . 7
Meigs—Feeding in Early Infancy, ... 10

Morten—Nurses' Dictionary, 10

Stoney—Materia Medica for Nurses, , . 13
Stoney— Practical Points in Nursing, . . 13
Stoney—Surgical Technic for Nurses, . 13
Watson—Handbook for Nurses, . ... 14

OBSTETRICS.
An American Text-Book of Obstetrics, 2

Ashton—Essentials of Obstetrics, . ... 15
Boisliniere—Obstetric Accidents, ... 4
Dorland—Modern Obstetrics, 6

Hirst—Text-Book of Obstetrics, .... 7
Norris—Syllabus of Obstetrics, 10

Schaeffer and Edgar—Atlas of Obstet-
rical Diagnosis and Treatment, .... 17

PATHOLOGY.
An American Text-Book of Pathology, 2

Durck and Hektoen—Atlas of Patho-
logic Histology, r6

Kalteyer—Essentials of Pathology, . . 22

Mallory and Wright— Pathological
Technique, 9

Senn—Pathology, and Surgical Treat-
ment of Tumors, 12

Stengel—Text-Book of Pathology, ... 13
Warren—Surgical Pathology, 14

PHYSIOLOGY.
American Text-Book of Physiology, . 2

Budgett—Essentials of Physiology, . . 22
Raymond—Text-Book of Physiology, . 11

Stewart—Manual of Physiology, . . 13

PRACTICE OF MEDICINE.
An American Year-Book of Medicine
and Surgery, 3

Anders— Practice of Medicine 4
Eichhorst—Practice of Medicine, ... 6

Lockwood— Practice of Medicine, . . . 9
Morris— Ess. of Practice of Medicine, . 15

Salinger & Kalteyer—Mod. Medicine, 11

Stevens— Practice of Medicine 13

SKIN AND VENEREAL.
An American Text-Book of Genito-
urinary and Skin Diseases, 2

Hyde and Montgomery—Syphilis and
the Venereal Diseases, 8

Martin— Essentials of Minor Surgery,
Bandaging, and Venereal Diseases, . . 15

Mracek and Stelwagon—Atlas of Dis-
eases of the Skin, 16

Stel\A^agon—Essentials of Diseases of
the Skin, 15

SURGERY.
An American Text-Book of Surgery, 2

An American Year-Book of Medicine
and Surgery, 3

Beck—Fractures, 4
Beck—Manual of Surgical Asepsis, ... 4
Da Costa—Manual of Surgery, 5
International Text-Book of Surgery, . 8

Keen— Operation Blank, 8

Keen—The Surgical Complications and
Sequels of Typhoid Fever, 8

Macdonald — Surgical Diagnosis and
Treatment, 9

Martin— Essentials of Minor Surgery,
Bandaging, and Venereal Diseases, . . 15

Martin— Essentials of Surgery, 15

Moore—Orthopedic Surgery, 10

Nancrede—Principles of Surgery, . . . 10

Pye—Bandaging and Surgical Dressing, 11

Scudder—Treatment of Fractures, ... 12

Senn—Genito-Urinary Tuberculocis, . . 12

Senn— Practical Surgery, 12

Senn—Syllabus of Surgery, 12

Senn—Pathology and Surgical Treat-
ment of Tumors, 12

W^arren—Surgical Pathology and Ther-
apeutics, 14

Zuckerkandl and Da Costa—Atlas of

Operative Surgery, 16

URINE AND URINARY DISEASES.
Ogden—Clinical Examination of the

Urine, n
Saundby—Renal and Urinary Diseases, 11

W^olf—Handbook of Urine Examination, 14
Wolff—Examination of Urine, 15

MISCELLANEOUS.
Abbott—Hygiene of Transmissible Dis-

eases, 3
Bastin—Laboratory Exercises in Bot-

any 4
Golebiewski and Bailey- Atlas of Dis-

eases Caused by Accidents, . • • 17

Gould and Pyle—Anomalies and Curi-

osities of Medicine, 7/

Grafstrom—Massage, j
Keating— Examination for Life Insur-

ance, 8

Pyle—A Manual of Personal Hygiene, . ,11

Saunders' Medical Hand-Atlases, . i^ i7

Saunders' Pocket Medical Formulary, i 12

Saunders' Question-Compends, . . :^4. 15

Stewart and Lawrence—Essentialsybf

Medical Electricity, ,- • iS

Galbraith—The Four Epochs of Wo-
man's Life, . . . ...... 22

Van Valzah and Nisbet— Diseases of

the Stomach, 14
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BOOKS IN PREPARATION.

JELLIFFE AND DIEKMAN'S CHEMISTRY.
A Text-Book of Chemistry. By SMITH ELY JELLIFFE, M. D., Ph. D.,

Professor of Pharmacology, College of Pharmacy of the City of New
York; and GEORGE C. DiEKMAN, Ph. G., M. D., Professor of Theoreti-

cal and Applied Pharmacy, College of Pharmacy of the City of New-

York. Octavo volume of 550 pages, illustrated.

BROWER'S MANUAL OF INSANITY.

A Practical Manual of Insanity. By DANIEL R. Brower, M. D., Pro-

fessor of Nervous and Mental Diseases, Rush. Medical College, Chicago.

i2mo volume of 425 pages, illustrated.

KALTEYER'S PATHOLOGY.
Essentials of Pathology. By F. J. Kalteyer, M. D., Assistant^ Demon-
strator of Clinical Medicine, Jefferson Medical College ; Pathologist to

the Lying-in Charity Hospital ; Assistant Pathologist to the Philadelphia

Hospital. A New Volume in Saunders' Question-Cotnpend Series.

CRADLE ON THE NOSE, THROAT, AND EAR.
Diseases of the Nose, Throat, and Ear. By Henry Gradle, M. D.,

Professor of Ophthalmology and Otology, Northwestern University Medi-

cal School, Chicago. Octavo volume of 800 pages, illustrated.

BUDQETT'S PHYSIOLOGY.
Essentials of Physiology. By Sidney P. Budgett, M.D., Professor of

Physiology, Washington University, St. Louis, Mo. A New Volume in

Saunders' Question-Compend Series.

GRIFFITH'S DISEASES OF CHILDREN.
A Text-Book of tin; Diseases of Children. By J. P. Crozer GRIFFITH,
Clinical Professor of Diseases of Children, University of Pennsylvania.

GALBRAITH ON THE FOUR EPOCHS OF WOMAN'S LIFE.

The F'our Epochs of Woman's Life : i\ Study in Hygiene. By Anna M.
GalBRAITH, M. D., Fellow New York Academy of Medicine; Attending

Physician Neurolof^ic Dept. New York Orthopedic Hospital and Dispens-

ary, etc. ; with an Introduction by John H. Musser, M. D., Professor of

Clinical Medicine, Univer. of Penna. i2mo volume of about 200 pages.
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SAUNDERS'

MEDICAL HAND-ATLASES.

The series of books included under this title are authorized translations

into English of the world-famous

Lchmann Medicinische Handatlanten,

which for scientific accuracy, pictorial beauty, compactness, and

cheapness surpass any similar volumes ever published.

Each volume contains from 50 to 100 colored plates, besides numer-

ous illustrations in the text. The colored plates have been executed by the

most skilful German lithographers, in some cases more than twenty im-

l^ressions being required to obtain the desired result. Each plate is accom-

panied by a full and appropriate description, and each book contains a con-

densed but adequate outline of the subject to which it is devoted.

One of the most valuable features of these atlases is. that they offer a

ready and satisfactory substitute for clinical observation. Such ob-

servation, of course, is available only to the residents in large medical centers;

and even then the requisite variety is seen only after long years of routine

hospital work. To those unable to attend important clinics these books

will be absolutely indispensable, as presenting in a complete and con-

venient form the most accurate reproductions of clinical work, interpreted

by the most competent of clinical teachers.

While appreciating the value of such colored plates, the profession has

heretofore been practically debarred from purchasing similar works because

of their extremely high price, made necessary by a limited sale and an

enormous expense of production. Now, however, by reason of their pro-

jected universal translation and reproduction, affording international dis-

tribution, the publishers have been enabled to secure for these atlases the

best artistic and professional talent, to produce them in the most

elegant style, and yet to offer them at a price heretofore unapproached

in cheapness. The great success of the undertaking is demonstrated

by the fact that the volumes have already appeared in thirteen different

languages—German, English, French, Italian, Russian, Spanish, Dutch,

Japanese, Danish, Swedish, Roumanian, Bohemian, and Hungarian.

The same careful and competent editorial supervision has been

secured in the English edition as in the originals. The translations have

been edited by the leading American specialists in the different sub-

jects. The volumes are of a uniform and convenient size (5 x "J^i inches),

and are substantially bound in cloth.

(For List of Books, Prices, etc. see next page.)

Pamphlet containing specimens of the Colored Plates

sent free on application.



Saunders' Medical Hand=Atlases.

VOLUME^S NOW READY.

ATLAS AND EPITOME OF INTERNAL MEDICINE AND
CLINICAL DIAGNOSIS.

By Dr. Chr. Jakob, of Erlangen. Edited by Augustus A. Eshner,
M. D., Professor of Clinical Medicine, Philadelphia Polyclinic. With 179
colored figures on 68 plates, 64 text-illustrations, 259 pages of text. Cloth,

^3.00 net.

ATLAS OF LEGAL MEDICINE.
By Dr. E. R, von Hoffman, of Vienna. Edited by Frederick Peter-
son, M. D., Chief of Clinic, Nervous Department, College of Physicians and
Surgeons, New York. With 120 colored figures on 56 plates and 193 beau-
tiful half-tone illustrations. Cloth, $3.50 net.

ATLAS AND EPITOME OF DISEASES OF THE LARYNX.
By Dr. L. Grunwald, of Munich. Edited by Charles P. Grayson,
M. D., Physician-in-Charge, Throat and Nose Department, Hospital of the
University of Pennsylvania. With 107 colored figures on 44 plates, 25 text-

illustrations, and 103 pages of text. Cloth, ^2.50 net.

ATLAS AND EPITOME OF OPERATIVE SURGERY.
By Dr. O. Zuckerkandl, of Vienna. Edited by J. Chalmers* DaCosta,
M. D., Professor of Principles of Surgery and Clinical Surgery, Jefferson

Medical College, Philadelphia. With 24 colored plates, 214 text-illustra-

tions, and 395 pages of text. Cloth, ^3.00 net.

ATLAS AND EPITOME OF SYPHILIS AND THE VENEREAL
DISEASES.

By Prof. Dr. Franz Mracek, of Vienna. Edited by L. Bolton Bangs,
M. D., Professor of Genito-Urinary Surgery, University and Bellevue Hos-
pital Medical College, New York. With 71 colored plates, 16 illustrations,

and 122 pages of text. Cloth, ^3.50 net.

ATLAS AND EPITOME OF EXTERNAL DISEASES OF THE
EYE.

By Dr. O. Haab. of Zurich. Edited by G. E. DE SCHWEINITZ, M. D.,

Professor of Ophthalmology, Jefferson Medical College, Philadelphia. With
76 colored illustrations on 40 plates and 228 pages of text. Cloth, ^3.00 net.

ATLAS AND EPITOME OF SKIN DISEASES.
By Prof. Dr. Franz Mracek, of Vienna. Edited by Henry W. Stel-
WAGON. M.D., Clinical Professor of Dermatology, Jefferson Medical Col-

lege, Philadelphia. With 63 colored plates, 39 half-tone illustrations, and
200 pages of text. Cloth, $3.50 net.

ATLAS AND EPITOME OF SPECIAL PATHOLOGICAL HIS-
TOLOGY.

By Dr. H. Dcjrck, of Munich. Edited by LUDWIG Hr<:KTOEN, M. D.,

Professor of Pathology, Rush Medical College, Chicago. In Two Parts.

Part I., including Circulatory, Respiratory, and Gastro-intestinal Tract, 120

colored figures on 62 plates, 158 pages of text. Part H., including Liver

Urinary Organs; Sexual Organs; Nervous System; Skin; Muscles ; Bones,

120 colored figures on 60 plates and 192 pages of text. Price per part,

1^3.00 net.
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Including a Hand-Book of Special Bacteriologic Diagnosis. By Prof. Dr.
K. B. Lehmann and Dr. R. O. Neumann, of Wurzburg. From the Second
Revised German Edition. Edited by GEORGE H. Weaver, M. D., Assistant
Protestor of Pathology and Bacteriology, Rush Medical College, Chicago.
Two V flumes, with over 600 colored lithographic figures, numerous text-
illustrations, and 500 pages of text.
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