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PREFACE TO THE FOURTH EDITION.

By expansion in some directions, condensation in others, the
present edition contains more information, without material
enlargement of the bulk of the volume, than the edition which
immediately preceded it.

A large portion has been rewritten, effete processes and
unreliable reactions have been omitted. Newly discovered
poisons and injurious substances which of recent years have
come into popular use, such as sulphonal and trional, have been
added. Space has been found for a condensed account of recent
ideas as to the constitution of the vegetable poisons; and we have
felt that no work on toxicology would be complete without some
mention of the most powerful of all modern poisons, i.e. epinephrin.

Special attention has naturally been given to arsenic, and to
the delicate and reliable methods which are now available for
its separation, identification, and estimation.

The authors hope that their labours have been so far success-
ful that the new edition will retain its place as a recognised
standard work on toxicology.

3 UrrER GLOUCESTER Prack, W.,

September 1906,
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§ 2. The oldest Egyptian king, Menes, and Attalus Phylometer, the
last king of Pergamus, were both famous for their knowledge of plants.
Attalus Phylometer was acquainted with hyoscyamus, aconite, conium,
veratrum, and others; he experimented on the preparation of poisons,
and occupied himself in compounding medicines, Mithradetes Eupator
stood yet higher: the receipt for the famous theriaca, prepared in later
years at an enormous price, and composed of fifty-four different ingredi-
ents, is ascribed to him. The wonderful skill shown by the Egyptians
in embalming and technical works is sufficient to render it fairly certain
that their chemical knowledge was considerable ; and the frequent opera-
tions of one caste upon the dead must have laid the foundations of a
pathological and anatomical culture, of which only traces remain.

The Egyptians knew prussic acid as extracted in a dilute state from
certain plants, among the chief of which was certainly the peach; on a
papyrus preserved at the Louvre, M. Duteil read, “ Pronounce not the
name of L. A. O. under the penalty of the peach!” in which dark threat,
without doubt, lurks the meaning that those who revealed the religious
mysteries of the priests were put to death by waters distilled from the
peach. That the priests actually distilled the peach-leaves has been
doubted by those who consider the art of distillation a modern inven-
tion ; but this process was well known to adepts of the third and fourth
centuries, and there is no inherent improbability in the supposition that
the Egyptians practised it.*

§ 3. From the Egyptians the knowledge of the deadly drink appears
to have passed to the Romans. At the trial of Antipater,t Verus brought
a potion derived from Egypt, which had been intended to destroy Herod ;
this was essayed on a criminal, he died at once. In the reign of Tiberius,
a Roman knight, accused of high treason, swallowed a poison, and fell
dead at the feet of the senators: in both cases the rapidity of action
appears to point to prussic acid.

The use of poison by the Greeks, as a means of capital punishment,
without doubt favoured suicide by the same means; the easy, painless
death of the state prisoner would be often preferred to the sword by one
tired of life. The ancients looked indeed upon suicide, in certain in-
stances, as something noble, and it was occasionally formally sanctioned.
Thus, Valerius Maximus tells us that he saw a woman of quality, in the
island of Ceos, who, having lived happily for ninety years, obtained
leave to take a poisonous draught, lest, by living longer, she should
happen to have a change in her good fortune ; and, curiously enough,

* Zosemus of Alexandria gives a drawing of a still which he states is copied from
the ancient temple of Memphis in Egypt. Analyst, xxx. 295, 1905, and Hoeffer,
Histoire de Chemie, vol. i. p. 262.

t Jos., Ant., b, xvii. c. 5.
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of ancient Massilia), elaterin, and the juices of species of euphorbia and
apocynem. He also makes a special mention of aconite, the name of
which is derived from Akon, a small city in Heraclea. The Greeks were
well aware of the deadly nature of aconite, and gave to it a mythical
origin, from the foam of the dog Cerberus. Colchicum was also known
to Dioscorides ; its first use was ascribed to Medea. Veratrum album
and nigrum were famous medicines of the Romans, and a constituent of
their “rat and mice powders”; they were also used as insecticides.
According to Pliny, the Gauls dipped their arrows in a preparation of
veratrum.* Daphne mezereon, called by the Romans also smilax and
taxus, appears to have been used by Cativolcus, the king of the Eburones,
for the purpose of suicide; or possibly by ‘“taxus” the yew-tree is
meant.t

The poisonous properties of certain fungi were also known. Nicander
calls the venomous mushrooms the “ evil fermentation of the earth,” and
prescribes the identical antidotes which we would perhaps give at the
present time—viz., vinegar and alkaline carbonates.

3. Mineral Poisons.—Arsenic has been already alluded to. The
ancients used it as a caustic and depilatory. Copper was known as
sulphate and oxide ; mercury only as cinnabar: lead oxides were used,
and milk and olive-oil prescribed as an antidote for their poisonous
properties. The potson-lehre for many ages was cousidered as something
forbidden. Galen, in his treatise ‘“On Antidotes,” remarks that the
only authors who dared to treat of poisons were Orpheus, Theologus
Morus, Mendesius the younger, Heliodorus of Athens, Aratus, and a
few others ; but none of these treatises have come down to us. From
the close similarity of the amount of information in the treatises of
Nicander, Dioscorides, Pliny, Galen, and Paulus /Agineta, it is probable
that all were derived from a common source.

§ 4. If we turn our attention to early Asiatic history, a very cursory
glance at the sacred writings of the East will prove how soon the art of
poisoning, especially in India, was used for the purpose of suicide, revenge,
or robbery.

The ancient practice of the Hindoo widow—self-immolation on the
burning pile of her husband—is ascribed to the necessity which the
Brahmins were under of putting a stop to the crime of domestic poison-
ing. Every little conjugal quarrel was liable to be settled by this form
of secret assassination, but such a law, as might be expected, checked
the practice.

Poison was not used to remove human beings alone, for there has
béen from time immemorial in India much cattle-poisoning. In the
Institutes of Menu, it is ordained that when cattle die the herdsman

* Pliny, xxv. 5. t De Bello Gallico, vi. 31.
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ergot.* In the later period of their history, when they were dispersed
through various nations, they would naturally acquire the knowledge of
those nations, without losing their own.

§ 6. The part that poison has played in history is considerable.
The pharmaceutical knowledge of the ancients is more graphically and
terribly shown in the deaths of Socrates, Demosthenes, Hannibal, and
Cleopatra, than in the pages of the older writers on poisons.

In the reign of Artaxerxes II. (Memnon), (B.c. 405-359), Phrysa
poisoned the queen Statira by cutting food with a knife poisoned on one
side only. Although this has been treated as an idle tale, yet two
poisons, aconite and arsenic, were at least well known ; either of these
could have been in the way mentioned introduced in sufficient quantity
into food to destroy life.

In the early part of the Christian era professional poisoners arose,
and for a long time exercised their trade with impunity.t Poisoning
was 80 much in use as a political engine that Agrippina (A.n. 26)
refused to eat of some apples offered to her at table by her father-in-
law, Tiberius.

It was at this time that the infamous Locusta flourished. She is said
to have supplied, with suitable directions, the poison by which Agrippina
got rid of Claudius ; and the same woman was the principal agent in the
preparation of the poison that was administered to Britannicus, by order
of his brother Nero. The details of this interesting case have been
recorded with some minuteness.

It was the custom of the Romans to drink hot water, a draught
nauseous enough to us, but, from fashion or habit, considered by them a
luxury ; and, as no two men’s tastes are alike, great skill was shown by
the slaves in bringing the water to exactly that degree of heat which
their respective masters found agreeable.}

The children of the Imperial house, with others of the great Roman
families, sat at the banquets at a smaller side table, while their parents
reclined at the larger. A slave brings hot water to Britannicus ; it is too
hot ; Britannicus refuses it. The slave adds cold water; and it is this
cold water that is supposed to have been poisoned; in any case,
Britannicus had no sooner drunk of it than he lost voice and respiration.
Agrippina, his mother, was struck with terror, as well as Octavia, his
sister. Nero, the author of the crime, looks coldly on, saying that such
fits often happened to him in infancy without evil result ; and after a
few moments’ silence the banquet goes on as before. If this were not

* R. J. Wunderbar, Biblisch-talmudische Medicin. Leipzig, 1850-60.

+ Tacitus, lib. xii., xiii. Mentioned also by Juvenal and Suetonius.

1 The death of Arius (A.D. 325) is ascribed by Gibbon either to a miracle or to
poison—** his bowels suddenly burst out in a privy.”
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When the Duke of Burgundy desired to raise a report that John,
Dauphin of France, was poisoned (1457), he desoribed the imaginary
event as follows :—

“One evening our most redoubtable lord and nephew fell so grievously
sick that he died forthwith. His lips, tongue, and face were swollen ;
his eyes started out of his head. It was a horrible sight to see—for so
look people that are poisoned.”

The favourite powder of the professional poisoner, arsenic, was known
to crowned heads in the fourteenth century, and there has come down
to us a curious document, drawn out by Charles le Mauvais, King of
Navarre. It is a commission of murder, given to a certain Woudreton,
to poison Charles VI., the Duke of Valois, brother of the king, and his
uncles, the Dukes of Berry, Burgundy, and Bourbon :—

“Go thou to Paris ; thou canst do great service if thou wilt: do what
I tell thee; I will reward thee well. Thou shalt do thus: Thereisa
thing which is called sublimed arsenic; if a man eat a bit the size of a
pea he will never survive. Thou wilt find it in Pampeluna, Bordeaux,
Bayonne, and in all the good towns through which thou wilt pass, at
the apothecaries’ shops. Take it and powder it ; and when thou shalt
be in the house of the king, of the Count de Valois, his brother, the
Dukes of Berry, Burgundy, and Bourbon, draw near, and betake thyself
to the kitchen, to the larder, to the cellar, or any other place where thy
point can be best gained, and put the powder in the soups, meats, or
wines, provided that thou canst do it secretly. Otherwise, do it not.”
Woudreton was detected, and executed in 1384.%*

A chapter might be written entitled “royal poisoners.”t King
Charles IX. even figures as an experimentalist. An unfortunate cook
has stolen two silver spoons, and, since there was a question whether
“ Bezoar” was an antidote or not, the king administers to the cook a
lethal dose of corrosive sublimate, and follows it up with the antidote ;
but the man dies in seven hours, although Paré also gives him oil.
Truly a grim business!

The subtle method of removing troublesome subjects has been more
often practised on the Continent than in England, yet the English throne
in olden time is not quite free from this stain.§ The use of poison is

* Trésor de Chartes. Charles de Navarre, P. Mortonval, vol. ii. p. 384.

t Napoleon. Bonaparte poisoned at Jaffa (1799) those of his soldiers who had
plague and were too ill to be moved.—Memoirs of Napoleon Bonaparte, by F. de
Bourrienne.

1 @uvres de Paré, 2nd ed., liv. xx. Des Venines, chap. xliv. p. 507.

§ For example, King John is believed to have poisoned Maud Fitzwalter by ““a
poisoned egg.”

‘‘In the reign of King John, the White Tower received one of the first and
fairest of a long line of female victims in that Maud Fitzwalter who was known to
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8o patriotic an offer, and to experiment first on the Emperor Maximilian.
The bond laid before the *“ten” contained a regular tariff—for the great
Sultan 500 ducats, for the King of Spain 150 ducats, but the journey
and other expenses were in each case to be defrayed ; the Duke of Milan
was rated at 60, the Marquis of Mantua at 50, the Pope could be removed
at 100 ducats. The curious offer thus concludes :—* The farther the
journey, the more eminent the man, the more it is necessary to reward
the toil and hardships undertaken, and the heavier must be the pay-
ment.” The council appear to have quietly arranged thus to take away
the lives of many public men, but their efforts were only in a few cases
successful. When the deed was done, it was registered by a single
marginal note, *factum.”

What drugs the Venetian poisoners used is uncertain. The Italians
became notorious in the sixteenth and seventeenth centuries for their
knowledge of poisons, partly from the deeds of Toffana and others, and
partly from the works of J. Baptista Porta, who wrote a very comprehen-
sive treatise, under the title of Natural Magic,* and managed to slide
into the text, in the sections on cooking (De Re Coquinaria, lib. xiv.), &
mass of knowledge as to the preparation of poisons. There are prescrip-
tions that little accord with the title, unless indeed the trades of cook
and poisoner were the same. He gives a method of drugging wine with
belladonna root, for the purpose of making the loaded guest loathe drink ;
he also gives a list of solanaceous plants, and makes special mention of
nux vomica, aconite, veratrum, and mezereon. Again, in the section (De
Ancupio, lib. xv.) he gives a recipe for a very strong poison which he calls
“ venenum lupinum” ; it is to be made of the powdered leaves of Aconi-
tum lycoctonum, Taxus baccata, powdered glass, caustic lime, sulphide
of arsenic, and bitter almonds, the whole to be mixed with honey, and
made into pills the size of a hazel-nut.

In the section De Medicis Experimentis he gives a process to poison
a sleeping person : the recipe is curious, and would certainly not have
the intended effect. A mixture of hemlock juice, bruised datura,
stramonium, belladonna, and opium is placed in a leaden box with a
perfectly fitting cover, and fermented for several days ; it is then opened
under the nose of the sleeper. Possibly Porta had experimented on
small animals, and had found that such matters, when fermented, exhaled
enough carbonic acid gas to kill them, and imagined, therefore, that the
same thing would happen if applied to the human subject. However
this may be, the account which Porta gives of the effects of the solana-
ceous plants, and the general tone of the work, amply prove that he
was no theorist, but had studied practically the actions of poisons.

* J. Bapt. Porta, born 1637, died 1616, Neapolitani Magie Naturalis. Neapoli,
1589.
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lovers, at all events, wrote of their poisons as * Glaser’s recipes,” the
chief ingredient of which was without doubt arsenic.

Madame de Brinvilliers poisoned her father, her brothers, and other
members of her family ; she is also said to have experimented on the
patients at the Hotel Dieu, in order to test the strength of the powders
prepared for her by St. Croix. These powders were afterwards called
“ Les poudres de succession,” from a joking remark made by Madame
in her cups. St. Croix robbed the executioner by dying a natural death,
and Madame de Brinvilliers, after a sensational trial, at the end of which
the first president wept bitterly and all the judges shed tears, was
sentenced to torture * and death. The tale that St. Croix was suffocated
through the breaking of a glass mask while he was preparing some
poisonous substances, and that Madame de Brinvilliers was courted and
arrested by a police officer disguised as an abbé, according to Funck
Brentano, has no foundation in fact.t

The numerous attempts of the Italian and Venetian poisoners on the
lives of monarchs and eminent persons cast for a long time a cloud over
regal domestic peace. Bullets and daggers were not feared, but in their
place the dish of meat, the savoury pasty, and the red wine were re-
garded as possible carriers of death. No better example of this dread
can be found than, at so late a period as the reign of Henry VIIL,} the
extraordinary precaution thought necessary for preserving the infant
Prince of Wales.

* The Marchioness was imprisoned in the Conciergerie and tortured. Victor
Hugo, describing the rack in that prison, says, ‘‘ The Marchioness de Brinvilliers
was stretched upon it stark naked, fastened down, so to speak, quartered by four
chains attached to the four limbs, and there suffered the frightful extraordinary
torture by water,” which caused her to ask, ** How are you going to contrive to put
that great barrel of water in this little body ! ”— Things seen by Victor Hugo, vol. i.

The water torture was this :—a huge funnel-like vessel was fitted on to the neck,
the edge of the funnel coming up to the eyes; on now pouring water into the
funnel so that the fluid rises above the nose and mouth, the poor wretch is bound to
swallow the fluid or die of suffocation ; if indeed the sufferer resolve to be choked,
in the first few moments of unconsciousness the fluid is swallowed automatically,
and air again admitted to the lungs; it is therefore obvious that in this way pro-
digious quantities of fluid might be taken.

1 For the court of poisoners (ckambre ardentc) and the histories of St. Croix, De
Brinvilliers, the priest Le Sage, the women La Voisin, and La Vigoureux, the reader
may be referred to Voltaire’s Siicle de Louis XIV., Madame de Sévigné’s Lettres,
Martiniére’s Hist. de la Regne de Lowis X1V., Strutzel, De Venenis, etc.

1 Henry VIIL., at one time of his life, was (or pretended to be) apprehensive of
being poisoned ; it was, indeed, a common belief of his court that Anne Boleyn
attempted to dose him. * The king, in an interview with the young Prince Henry,
burst into tears, saying that he and his sister (meaning the Princess Mary) might
thank God for having escaped from the hands of that accursed and vemomous harlot,
who had intended to poison them.”—4 Chronicle of England during the Reign of the
Tudors, by W. J. Hamilton. Introduction, p. xxi.
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known that meat may become filled with bacilli and produce rapid death,
and yet no poison, as such, has been added.

In the next phase, the doctors were permitted to dissect, and to
familiarise themselves with pathological appearances. This was a great
step gained : the apoplexies, heart diseases, perforations of the stomach,
and fatal internal heemorrhages could no longer be ascribed to poison.
If popular clamour made a false accusation, there was more chance of
a correct judgment. It was not until the end of the eighteenth and
the beginning of the last century, however, that chemistry was far
enough advanced to test for the more common mineral poisons; the
modern phase was then entered on, and toxicology took a new departure.

§ 9. From the treatise of Barthélémy d’Auglais * in the thirteenth
century (in which he noticed the poisonous properties of quicksilver
vapour), up to the end of the fifteenth century, there are numerous
treatises upon poison, most of which are mere learned compilations, and
scarcely repay perusal. In the sixteenth century, there are a few works,
such, for example, as Porta, which partook of the general advancement of
science, and left behind the stereotyped doctrine of the old classical
schools. t

In the seventeenth century the Honourable Robert Boyle made some
shrewd observations, bearing on toxicology, in his work on The Useful-
ness of Natural Philosophy, etc.: Oxford, 1654. Nicolas L’Emery also
wrote a Cours de Chimie—quite an epitome of the chemical science of
the time.}

In the eighteenth century still further advances were made. Richard
Mead published his ingenious Mechanical Theory of Poisons. Great
chemists arose—Stahl, Marggraf, Brandt, Bergmann, Scheele, Berthollet,
Priestley, and lastly, Lavoisier—and chemistry, as a science, was born.
Of the chemists quoted, Scheele, in relation to toxicology, stands chief.
It was Scheele who discovered prussic acid,§ without, however, noting
its poisonous properties ; the same chemist separated oxalic acid from
sorrel,|| and made the important discovery that arsenic united with
hydrogen, forming a feetid gas, and, moreover, that this gas could be

* De Rerwm Proprictaribus.

t In the sixteenth century it was not considered proper to write upon poisons.
Jerome Cardan declared a poisoner worse than a brigand, ‘‘ and that is why I have
refused not only to teach or experiment on such things, but even to know them.”—
J. Carden : De Subtilitate. Basel, 1558.

3 Cours de Chimie, contenant la manicre de faire les opérations qui sont en usage
dans la Médicine. Paris, 1675.

§ Opuscula Chemica, vol. ii. pp. 148-174.

|| De Terra Rhubarbi et Acido Acetoselle. Nova Acta Acad. Veg. Sued. Anni,
1784. Opuscula Chemica, vol. ii. pp. 187-195.

Bergmann first described oxalic acid as obtained by the oxidation of saccharine
bodies ; but Scheele recognised its identity with the acid contained in sorrel.
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measured quantities of poison, to administer them to animals, and then
after death—first carefully noting the changes in the tissues and organs
— to attempt to recover by chemical means the poison administered.
In this way he detected and recovered nearly all the organic and
inorganic poisons then known; and most of his processes are, with
modifications and improvements, in use at the present time.*

§ 12. The discovery of the alkaloids at the commencement of the
nineteenth century certainly gave the poisoner new weapons ; yet the
same processes (slightly modified) which separated the alkaloids from
plants also served to separate them from the human body. In 1803
Derosne discovered narcotine and morphine, but he neither recognised
the difference between these two substances, nor their basic properties.
Sertiirner from 1805 devoted himself to the study of opium, and made
a series of discoveries. Robiquet, in 1807, recognised the basic characters
of narcotine. In 1818 Pelletier and Caventou separated strychnine;
in 1819, brucine; and in the same year delphinine was discovered
simultaneously by Brande, Lassaigne, and Feneuille. Coniine was
recognised by Giesecke in 1827, and in the following year, 1828,
nicotine was separated by Reimann and Posselt. In 1832 Robiquet
discovered codeine ; and in 1833 atropine, aconitine, and hyoscyamine
were distinguished by Geiger and Hesse. Since then, every year has
been marked by the separation of some new alkaloid, from either
animal or vegetable substances. So many workers in different countries
now began to study and improve toxicology, that it would exceed the
limits and be foreign to the scope of this treatise to give even a brief
résumé of their labours, It may, notwithstanding, be useful to append
a short bibliography of the chief works on toxicology of the last
century.

§ 13.—BIBLIOGRAPHY OF THE CHIEF WORKS ON TOXICOLOGY
(NINETEENTH CENTURY).

ANGLADA, Jos.—** Traité de Toxicologie Générale,” etc. Montpellier et Paris, 1885,
AUTENRIETH.—*‘ Kurze Anleitung zur Auffindung der Gifte.” Freiburg, 1892.
BANDLIN, O. —** Die Gifte.” Basel, 1869-1873.

BAUMERT, G.—‘ Lehrbuch der gerichtl. Chemie.” Braunschweig, 1889-92,
BaYARD, HENRL —‘‘ Manuel Pratique de Médecine Légale.” Paris, 1843,

* Orfila's chief works are as follows :—

Traité des Poisoms, 2 vols., 8vo., Paris, 1814,

Legons de Chimie, appliquées & la Méd. Pratique. 16mo. Brussels, 1836.

Mémoire sur la Nicotine et la Conicine. Paris, 1851,

Legons de la Méd. Légale. 8vo. Paris, 1821,

Traité des Exhwmations Juridiques, el Considérations sur les Changements
Physiques que les Cadavres eprouvent en se pourrissant, 2 tom. Paris, 1831,






18 POISONS : THEIR EFFECTS AND DETECTION. (§ 13.

GBEENE, WiLL. H.—‘A Practical Handbook of Medical Chemistry, applied to
Clinical Research and the Detection of Poisons.” Philadelphis, 1880.
GUERIN, G.—* Traité Pratique d’Analyse Chimique et de Recherches Toxicologiques,”

Paris, 1893.

Guy, W. A., and FERRIER, DAvID,—*‘ Principles of Forensic Medicine.” London,
1874.

HARNACK, Er10H. —** Lehrbuch der Arzneimittellehre,” etc. Hamburg, 1883,

HasseLT, VAN, A. W. M,—‘“Handbuch der Giftlehre fir Chemiker, Aerzte,
Apotheker, u. Richtspersonen.” (A German translation of the original
Dutch edition, edited by J. B. Henkel. Braunschweig, 1862. Supplemental
vol. by N. Husemann, Berlin, 1867.)

HerLwie, A.—‘‘Das Mikroskop in der Toxicologie.” 64 photographs, roy. 8vo.
Mainz, 1865.

HEMMING, W. D,—** Aids to Forensic Medicine and Toxicology.” London, 1877,

HERrMANN, L.—¢“Lehrbuch der experimentellen Toxicologie.” 8vo. Berlin,
1874.

Horruany, E. R.—‘‘Lehrbuch der gerichtlichen Medicin.” 5th ed. Wien,
1890-91.

HuseMANN and A. HiLger.—‘‘Die Pflanzenstoffe in chemischer, pharmakolog-
ischer, u. toxicologischer Hinsicht.” 2nd ed. Berlin, 1882,

HuseMaNN, TH., and HUSsEMANN, A.—‘‘Handbuch der Toxicologie.” Berlin,
1862. (Suppl. Berlin, 1867.)

KoserT, Rup.—** Lehrbuch der Intoxicationen.” Stuttgart, 1893,

KorHLER, R.—*‘ Handbuch der speciellen Therapie, einschliesslich der Behandlung
der Vergiftungen.” 3rd ed. 2 vols., roy. 8vo. Tiibingen, 1869.

LEssER, ADOLF.— ** Atlas der gerichtlichen Medicin.” Berlin, 1883.

Loew, Oscar.—* Ein natiirliches System der Giftwirkungen.” Miinchen, 1893.

Lupwie, E.—‘‘Medicinische Chemie in Anwendung auf gerichtliche Untersuch-
ungen.” ’

MaHON, A,—‘‘Médecine Légale et Police Médicale.” Paris, 1807.

MaRrx, K. F. H.—¢ Die Lehre von den Giften.” Gottingen, 1827-29.

MascHEA, J,—¢ Handbuch der gerichtlichen Medicin.” Tiibingen, 1881-82. This
work is under the editorship of Dr. Maschka, and contains separate articles
on medico-legal and toxicological questions by various eminent toxicologists,
somewhat after the manner of Ziemssen’s Clyclopeadia.

MENDE, Lup. Jur. Casp.—*‘ Ausfiihrliches Handbuch der gerichtlichen Medicin.”
1819-32.

MoHR, FriEp,—*‘ Chemische Toxicologie.” Braunschweig, 1874.

MoNTeARNY, H. DE.—*‘ Essai de Toxicologie, et specialement avec la Jurisprudence
Médicale.” Paris, 1878.

MonTMAHON, E. 8. DE.—*‘ Manuel Médico-Légale des Poisons,” etc. Paris, 1824,
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PART IL

I.—Deflnition of Poison.

§ 14. The term * Poison” may be considered first in its legal, as
distinct from its scientific, aspect.

The legal definition of “ poison ” is to be gathered from the various
statute-books of civilised nations.

The English law enacts that : “ Whoever shall administer, or cause to
be administered to, or taken by any person, any poison or other destruc-
tive thing, with intent to commit murder, shall be guilty of felony.”

Further, by the Criminal Consolidation Act, 1861: ‘ Whosoever
shall, by any other means other than those specified in any of the
preceding sections of this Act, attempt to commit murder, shall be
guilty of felony.”

It is therefore evident that, by implication, the English law defines
a poison to be a destructive thing administered to, or taken by, a person,
and it must necessarily include, not only poisons which act on account
of their inherent chemical and other properties after absorption into the
blood, but mechanical irritants, and also specifically-tainted fluids,
Should, for example, a person give to another milk, or other fluid,
knowing, at the same time, that such fluid is contaminated by the
specific poison of scarlet fever, typhoid, or any serious malady capable
of being thus conveyed, we believe that such an offence could be brought
under the first of the sections quoted. In fine, the words ** destructive
thing ” are widely applicable, and may be extended to any substance,
gaseous, liquid, or solid, living or dead, which, if capable at all of being
taken within the body, may injure or destroy life. According to this
view, the legal idea of “poison” would include such matters as boiling
water, molten lead, specifically-infected fluids, the flesh of animals dying
of diseases which may be communicable to man, powdered glass, diamond
dust, ete. Evidence must, however, be given of guilty intent.

The words, “administered to or taken by,” imply obviously that the
framers of the older statute considered the mouth as the only portal of

entrance for criminal poisoning, but the present law effectually guards
20
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purpose of injuring health, poison, or any other substance having the
property of injuring health, will be punished by from two to ten years’
imprisonment.

“If by such act a serious bodily injury is caused, the imprisonment
is not to be less than five years; if death is the result, the imprisonment
is to be not under ten years or for life.

“If the death is wilfully caused by poison, it comes under the
general law : ¢ Whoever wilfully kills a man, and if the killing is pre-
meditated, is on account of murder punishable with death.’”

The French law runs thus (Art. 301, Penal Code) :—* Every attempt
on the life of a person, by the effect of substances which may cause
death, more or less suddenly, in whatever manner these substances may
have been employed or administered, and whatever may have been the
results, is called poisoning.” *

There is also a penalty provided against any one who *shall have
occasioned the illness or incapacity for personal work of another, by the
voluntary administration, in any manner whatever, of substances which,
without being of a rlature to cause death, are injurious to health.” {

§16. Scientific Definition of & Poison.—A true scientific definition
of a poison must exclude all those substances which act mechanically
—the physical influences of heat, light, and electricity ; and parasitic
diseases, whether caused by the growth of fungus, or the invasion of an
organism by animal parasites, as, for example, “trichinosis,” which are
not, 8o far as we kuow, associated with any poisonous product excreted
by the parasite;—on the other hand, it is now recognised that
pathogenic micro-organisms develop poisons, and the symptoms of all
true infections are but the effects of *toxines.” The definition of
poison, in a scientific sense, should be broad enough to comprehend not
only the human race, but the dual world of life, both animal and
vegetable.

Husemann and Kobert are almost the only writers on poisons who
have attempted, with more or less success, to define poison by a
generalisation, keeping in view the exclusion of the matters enumerated.
Husemann says:—*“We define poisons as such inorganic, or organic
substances as are in part capable of artificial preparation, in part existing,
ready-formed, in the animal or vegetable kingdom, which, without being

* ‘¢ Est qualifié empoisonnement—tout attentat  la vied’une personne par I'effet
de substances qui peuvent donner la mort plus on moins promptement, de quelque
maniére que ces substances aient été employées ou administrées, et quelles qu’en
aient été les suites.”—Art. 301, Penal Code.

t ““Celui qui aura occasionné 4 autrui une maladie ou incapacité de travail
personnel en lui administrant volontairement, de quelque maniére que ce soit, des
substances qui, sans étre de nature & donner la mort, sont nuisibles & la santé.”—
Art. 317, Penal Code.
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B. IRRITANT Porsors (symptoms mainly pain, vomiting, and purging).

Arsenic, antimony, phosphorus, cantharides, savin, ergot, digttalis,
colchicum, zinc, mercury, lead, copper, stlver, iron, baryta, chrome, yew,
laburnum, and putrid animal substunces.

C. IRriTANT AND NaRcoric PolsoNs (symptoms those of an irritant
nature, with the addition of more or less pronounced cerebral
indications).

To this class more especially belong oxalic acid and the ozalates,
with several poisons belonging to the purely narcotic class, but which
produce occasionally irritant effects.

D. PoISONS MORE ESPECIALLY AFFECTING THE NERVOUS SYSTEM.

1. Narcorics (chief symptom insensibility, which may be preceded
by more or less cerebral excitement): Opium, Chloral, Chloroform.

2. DeLirIANTS (delirium for the most part a prominent symptom):
Belladonna, hyoscyamus, stramonium, with others of the Solanacee,
to which may be added—potsonous fungi, Indian hemp, Lolium temulen-
tum, Enanthe crocata, and camphor.

3. ConvuLsives.—Almost every poison has been known to produce
convulsive effects, but the only true convulsive poisons are the alkaloids
of the strychnos class.

4. CompLEx NERvoUs PHENOMENA: Aconite, digitalis, hemlock,
calabar bean, tobacco, Lobelia tnflata, and curara.

§ 18. KoBrrr’s CrassiFicaTiON. — Kobert has classified poisons
according to the following scheme :—

I. POISONS WHICH CAUSE COARSE ANATOMICAL CHANGES OF THE
ORGANS.

A. Those which specially irritate the part to which they are applied.

1. Aecids.

2, Caustic alkalies.

8. Caustic salts, especially those of the heavy metals.

4. Locally irritating organic substances which neither can be classified as
corrosive acids nor alkalies, nor as corrosive salts ; such are :—canthari-
dine, phrynine, and others in the animal kingdom, croton oil and savin
in the vegetable kingdom. Locally irritating colours, such as the aniline
dyes.

5. Gases and vapours which cause local irritation when breathed, such as
ammonia, chlorine, iodine, bromine, and sulphur dioxide.

B. Those which have but little effect locally, but change anatomically other
parts of the body ; such as lead, phosphorus, and others.
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There are a few poisons, of course, such as the oxalates of the
alkalies, which might be overlooked, unless sought for specially ; but it
is hoped that this is no valid objection to the arrangement suggested,
which, in greater detail, is as follows :—

A.—POISONOUS GASES.

Carbon monoxide.
Chlorine.
Hydric sulphide.

B.—ACIDS AND ALKALIES.

. Sulphuric acid.

. Hydrochloric acid.

. Nitric acid.

. Potash,

Soda.

Ammonia.

. Neutral sodium, potassium, and ammonium salts.

- R N R CR

In nearly all cases of death from any of the above, the analyst, from
the symptoms observed during life, from the surrounding circumstances,
and from the pathological appearances and evident chemical reactions
of the fluids submitted, is put at once on the right track, and has no
difficulty in obtaining decided results.

C.—POISONOUS SUBSTANCES CAPABLE OF BEING SEPAR-
ATED BY DISTILLATION FROM EITHER NEUTRAL OR
ACID LIQUIDS.

1. Hydrocarbons.

Camphor.,

. Alcohols.

Amyl-nitrite.

Chloroform and other anssthetics.
. Carbon disulphide.

. Carbolic acid.

. Nitro-benzene.

. Prussic acid.

. Phosphorus.

D o

S WOXTITM

1

The volatile alkaloids, which may also be readily distilled by strongly
alkalising the fluid, because they admit of a rather different mode of
treatment, are not included in this class.
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D.—ALKALOIDS AND POISONOUS VEGETABLE PRINCIPLES
SEPARATED FOR THE MOST PART BY ALCOHOLIC
SOLVENTS.

DIVISION I.—VEGETABLE ALKALOIDS.

1. Liquid volatile "alkaloids, alkaloids of hemlock, nicotine,
piturie, sparteine, aniline.
The opium group of alkaloids.
3. The strychnine or tetanic group of alkaloids—strychnine,
brucine, igasurine.

. The aconite group of alkaloids.
The mydriatic group of alkaloids—atropine, hyoscyamine,
solanin, cytisine.

6. The alkaloids of the veratrines.

7. Physostigmine,

8. Pilocarpine.

9. Taxine.
10. Curarine.
11. Colchicin.
12. Muscarine and the active principles of certain fungi.

»

S

There would, perhaps, have been an advantage in arranging several
of the individual members somewhat differently—e.g., a group might
be made of poisons which, like pilocarpine and muscarine, are antago-
nistic to atropine ; and another group suggests itself, the physiological
action of which is the opposite of the strychnos class; solanin (although
classed as a mydriatic, and put near to atropine) has much of the
nature of a glucoside, and the same may be said of colchicin ; so that,
if the classification were made solely on chemical grounds, solanin
would have followed colchicin, and thus have marked the transition
from the alkaloids to the glucosides.

DIVISION II.—GrucosIDEs.

1. The digitalis group.
2. Other poisonous glucosides acting on the heart.
3. Saponin.

The glucosides, when fairly pure, are easily recognised ; they are
destitute of nitrogen, neutral in reaction, and split up into sugar and
other compounds when submitted to the action of saponifying agents,
such as boiling with dilute mineral acids.
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DIVISION IIT.—Various VEGETABLE PoisoNous PRINCIPLES NOT
READILY ADMITTING OF CLASSIFICATION IN THE PREVIOUS
Divisions.

1. Santonin, 2. Mezerein,

It is probable that this class will in a few years be extended, for
several other organic anitrogenous poisons exist, which, when better
known, will most likely prove to be anhydrides.

Ergot, picrotoxin, Tutin, the poison of Illicium religiosum, picric acid,
cicutoxin, &thusa cynapium, Enanthe crocata, croton oil, savin oil, the
toxalbumins of castor oil and Abrus, Ictrogen, Lathyrus sativus, arum,
and others.

The above division groups together various miscellaneous toxic
principles, none of which can at present be satisfactorily classified.

E.—POISONS DERIVED FROM LIVING OR DEAD
ANIMAL SUBSTANCES.

DIVISION I.—PoisoNs SECRETED BY THE LIvING.

. Poisonous amphibia.

. Poison of the scorpion.

. Poisonous fish.

. Poisonous insects—spiders, wasps, bees, beetles, etc.
. Snake poison.

. Mammalian poison. Epinephrin.

D U W N

DIVISION II.—Poisons ForMED IN DEAD ANIMAL MATTERS.
1. Ptomaines.
2. Poisoning by putrid or changed foods—sausage poisoning.
F.—THE OXALIC ACID GROUP.

G.—INORGANIC POISONS.

DIVISION I.—PRECIPITATED FROM A HYDROCHLORIC AcID SOLUTION
BY HYDRIC SULPHIDE—PRECIPITATE, YELLOW OR ORANGE,

Arsenic, antimony, cadmium.
DIVISION 11.—PrecieitaTBD BY HYDRIC SuLrHIDE IN HYDRO-
CHLORIC ACID SOLUTION—BLACK.

Lead, copper, bismuth, silver, mercury.
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DEATHS FROM POISON IN ENGLAND AND WALES DURING THE TEN
YEARS ENDING DECEMBER 1908.

Ao ear | Sulcide.  Murder.  Total.
M. F. | M F M. F
METALS.

Arsenic, . . . . ., b8 107 | 82 14 90 121

Antimony, . . . . . 2 3 2 2 4 6

Copper . . . . . 2 .. 2 1 4 1

Lob ™ 754 166| 6 1 760 166

Silver Nitrate, . . . . 1 .. 1 1 2 1

Zinc Chloride or Sulphate, . . 7 2 2 9 9 11

Mercury, Salts of, . . . 14 17| 48 18 62 385

Chromic Acid or Preparations of } 8 P 1 1 9 7
Chromium, . . .

Iron Perchloride, . 1) ... .. 1

ALEALINE EARTHSs.

Barium Chloride, . . . . ) R T 1

Lime, . . . . . . 1| ... 1

THE ALKALIES AND THEIR SALTS.

Caustic Potash, . . . . [} 41 . .. 6 4

Potassium Chlorate, . B

’ Nitrate, . . . 1 1
’” Bromide, . 2 . 2 ..
' Bichromate, . 7 4 22 4 ..., ... 29 8
Caustic Soda, . . . [} 7 . . ’ 6 7
Ammonis, . . . . . 60 63 39| b4 100 ' 117
Acips,
(a) Mineral,

Acid, Sulphurie, . . . . 84 9 30| 22 66 31
,» Nitric, . . . . . 13 8 46| 23 69 381
,, Hydrochloric, . . . 91 33 204|165 295 198
,» Hydrofluoric, . . . 1 )

(b) Organic.

Acid, Carbolie, . . . . 184 153 K 796 ' 826 982 982
,» Acetic, . . . . 1 5 2 6 3 11
,, Oxalic, . . . . 27 28 65 49 94 77

ELEMENTS,
Phosphorus, . .. . . 29 38 21 60 50 98
Iodine . . . . . . 2 1 1 3 1
Carry forward, . 655 1320 -257 7 16
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DEATHS FROM POISON IN ENGLAND AND WALES DURING THE TEN
YEARS ENDING DECEMBER 1908—continued.

Aot Buldde. Murder.  Total.
M. F.. M. F M. F
Brought forward, . [1810 655
YovrATILE LiQuips.
Paraffin (Petroleum), . . 19 e 4 19 4
Benzoline, . . . . . 4 ... . 1 4 1
Nitrobenzol, . . . 1 o 1 ..
Ether, . . . . . .| 8 8 .. .. 38 33
Chloroform, . . .| 620 292 9 8 520 301
Chloroform and Ether . (] 6 . . 6 (]
Alcohol, Chloroform, and Ether, . 6 4 (] 4
Turpentme, . . . 1 4 8 1 4 5
Sweet Nitre, . . . A 1 1
Methyl Alcohol, . R 1 1
Nitrous Oxide, . . . . 9 6. ... .. 9 6
Alcohol, . . . . .| 56 26 8 2 59 28
Fusel Oll . . P [ 1 1
Spirit of Camphor,
Brandy, . . I T 8 ... .. 3
Paral ehyde, e e e 1 . TR 1 4
Coal Naphtha, A 1 1 2
Anesthetlc (kmd not shted), .| 117 59 117 59
OPIATES OR NARCOTIOCS.

op%m;nlof“d““m' o z 536 346 432 189 968 587
ing Syrup, . . . . 6 $ ... .. 6 3
Chlorodyne,. . . . .| 66 3 3 8 102 39
Chloral, . . . . .| 66 16 12 2 78 18
Sulphonal, . 2 6 .. 1 2 (]
Cocaine, . . 5 [} 1 .. 8 6
,»  8nd Ether, 8 L N
Atropine, 1 ) S
Belladonna and Oplum . . 1 . 1 1 1

Belladonna, . . . '
pron e S llss 88 12 17 465 50
Henbane, . . R s 1 . 1
Narcotic (kmd not stnted), . .| 16 18 8 6 19 18

CYANIDES.
Prussic Acid and Oil of Almonds, . © 30 3 2712 22 302 26
Potassic Cyanide, . . S ¥ 2 166 21 183 24
Ammoniam Sulpho- Cyamde, e e e 2 .. 2 ..
STRYCHNINE AND S8OME OTHER
OrgaNIc Poisons.
Strychnine and Nux Vomlu, . 48 24 79 92 126 118
Aconite, . .22 3 U4 6 36 9
Digltshs, . . . . . 3 3
Total, . 586 1634
Total poisonous substances, includ- 2128 7 8
ing gasesand various other poisons, |
11
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§ 22. Although so large a number of substances destroy life by accident
or design, yet there are in the list only about 26 which kill about 2 persons
or above each year. It must at the same time be confessed that several
of the 26 are not simple substances, so that the statement underrates
the actual facts. The 26 substances arranged in the inverse order of
their fatality are as follows :—

Number of deaths
in ten years.
Antimony, . . . . . . . . . 10
Potash, . . . . . . . . . . 10
Soda, . . . . . . . . . . 13
Acetic acid, . . o . . . . . 14
Nitrous oxide, . . . . 16
Cocaine, either llone or mth other substanoes, . . . 16
Zinc salts (chlonde and sulphata), . . . . . 20
Paraffin, . . . . . . 28
Aconite, . . 45
Chromic acid and prepa.mtlons of blchromnte of potash, . 53
Ether, . . . . . . . . 71
Aleohol, . . . . 87
Belladonna prepn.rstmns mcludmg stropme, . . . 95
Chloral, . . . . .. 96
Mercunc salts, . . . . . . . . . 97
Phosphorus, . . . . . . . . . 148
Oxalic acid, . . . . . . . . . 171
Arsenic, . . . . . . . . . . 211
Ammonis, . . . . . . . . . . 217
Strychnine, . . . . . . . . 244
Prussic acid and cyamdes, . . . . . . . 535
Mineral acids, . . . . . . . . . 680
Chloroform, . . . . . . . . . 852
Lead, . 926
Opmtes mcludmg laudnnum, soothmg syrup, morphme, . 16565
Carbolic acid, . . . 1964

IV.—The Connection between Toxic Action and Chemical
Composition.

§ 23. Considerable advance has been made of late years in the study
of the connection which exists between the chemical structure of the
molecule of organic substances and physiological effect. The results
obtained, though important, are as yet too fragmentary to justify any
great generalisation ; the problem is a complicated one, and as Lauder
Brunton justly observes :—

“The physiological action of a drug does not depend entirely on its
chemical composition, nor yet on its chemical structure, so far as that
can be indicated even by graphic formula, but upon conditions of solu-
bility, instability, and molecular relations, which we may hope to discover
in the future, but with which we are as yet imperfectly acquainted.” *

* Introduction to Modern Therapeutics, Lond., 1892. 136.
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The acylic 8 tetrahydro-naphthylamine, the 8 tetrahydroethylnaphthy-
lamine, and the 8 tetrahydromethylnaphthylamine all cause dilatation of
the pupil and produce symptoms of excitation of the cervical sympa-
thetic nerve ; the other members of the group are inactive.

§ 24. The result of replacing hydrogen by alkyls in aromatic bodies
has been studied by Schmiedeberg and others ; replacing the hydrogen of
the amidogen by ethyl or methyl, usually results in a body having a
more or less pronounced narcotic action. The rule is that methyl is
stronger than ethyl, but it does not always hold good; ortho-amido-
phenol is not in itself poisonous, but when two hydrogens of the
amidogen group are replaced by two methyls thus—

HO HO
NH, N(CH,),

the resulting body has a weak narcotic action.

It would naturally be inferred that the replacement of the H in the
hydroxyl by a third methyl would increase this narcotic action, but this
is not 80: on the other hand, if there are three ethyl groups in the same
situation a decidedly narcotic body is produced.

The influence of position of an alkyl in the aromatic bodies is well
shown in ortho-, para-, and meta-derivatives. Thus the senior author
proved some years ago that with regard to germicidal properties, ortho-
cresol was more powerful than meta-; meta-cresol more powerful than
para- ; so again ortho-aceto-toluid is poisonous, causing acute nephritis ;
meta-aceto-toluid has but feeble toxic actions but is useful as an
antipyretic ; and para-aceto-toluid is inactive.

In the trioxybenzenes, in which there are three hydroxyls, the toxic
action is greater when the hydroxyls are consecutive, as in pyrogallol,
than when they are symmetrical, as in phloroglucin.

OH OH
OH
OH HO OH
Pyrogallol. Phloroglucin.

The introduction of methyl into the complicated molecule of an
alkaloid often gives curious results: thus methyl strychnine and methyl
brucine instead of producing tetanus have an action on voluntary muscle
like curare.

Benzoyl-ecgonine has no local anesthetic action, but the introduction
of methyl into the molecule endows it with a power of deadening the
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Amyl.—In dogs the narcotic action was much smaller.

From this latter series the conclusion is drawn that the maximum
of narcotic action is obtained by the introduction of methyl, and the
maximum antipyretic action by the introduction of methyl or ethyl.
The ethyl substitution is, as before, the less toxic.*

The effect of the entrance of an alkyl into the molecule of a substance
is not constant ; sometimes the action of the poison is weakened, some-
times strengthened. Thus, according to Stolnikow, dimethyl resorcin,
C,H,(OCH,),, is more poisonous than resorcin, C4H,(OH),. Anisol
C4H,OCH,, according to Loew, is more poisonous to algm, bacteria, and
infusoria than phenol, CCH;OH. On the other hand, the replacement
by methyl of an atom of hydrogen in the aromatic oxyacids weakens

.CH
their action; methyl salicylic acid CJLC * is weaker than
OO0H.
: OH
salicylic acid C‘5H4<C
OOH.

Arsen-methyl chloride, As(CH,)Cl,, is strougly poisonous, but the
introduction of a second methyl As (CHg), Cl makes a comparatively
weak poison.

These results admit, however, of a different interpretation, for
Overton’s t researches show that the effect of narcotic substances depends
on their greater or smaller power of penetrating into the nerve or other
cells, and that this penetrating power has a direct relationship to the
solubility of the substance in oil : those substances that are not soluble
in oil do not enter into the nerve cells, those that are soluble easily
penetrate. In the living cells there are not only oily matters, but
also lecithin and cholesterin and their derivatives. The brain cells
are especially rich in such ; to the fatty mixtures in the brain cells the
name of brain lipoids has been given (Amos = fat). Alcohol or chloroform,
after absorption by the blood, are practically in aqueous solution; and
when this aqueous solution is carried to the brain lipoids there is a
partition of the alcohol between the lipoids and the serum, the value of

which is capable of being expressed by the coefficient

water’ the degree

of penetration being dependent on the magnitude of the resulting figure,
which is obviously the larger the more soluble the substance is in oil.

* Ueber dic physiologische Wirkung des p-amido-phenol w. einiger Derivate
desselben. 0. Hinsberg u. G. Treupel, Archiv f. exp. Pathol. u. Pharm., xxxiii. 216.

+ Overton, Studien iiber die Narkose, Jena, 1901,

H. Meyer, ‘‘ Zur theorie der Alcohol Narkose,” Arck. f. exper. Pharmac., xlii.

H. Meyer, Der Einfluss wechselnder Temperature awf Wirkungstarke u., Teilungs-
cvefficient, op. cit. xlvi,
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Limit of concentration
necessary to produce Partition coeflicient
narcosis in A-molecules olive oil.
per litre.
Trional, . . . . . . 0-0018 4°46
Tetronal, . . . . 0+0013 4°04
Butyl chloral hydmtc . . . 0°002 169
Triacetin, . . . . . . 0+010 030
Diacetin, . . . . . . 0015 0-23
Chloral hydrate, . . . . . 002 0-22
Aethyl-urethane, . . . . 0026 0-14
Monacetin, . . . . . 00125 0-06
Methyl m-ethane, . . . . 040 0-04

With a trifling exception, which future research may explain, the
greater the solubility in oil of the above substances, the greater the
narcotic effect; thus trional, with a coefficient of 4'46, is active in a
concentration of 18 mgrm. (molecules) per litre, while methyl urethane
with a coefficient of only 004 must be dissolved in the proportion of
400 mgrms. per litre.

By the same process Meyer has shown that in the alkyl substitutions
it is not, as formerly held, the ethyl group which is the specific carrier
of narcotic properties, but that the activity is strictly parallel to the
partition coefficient.

Coeflicient.
Dimethyl-sulphon dimethyl-methane (CH,),~-C - (SO,(,H;,),
very weak, . . . 0-106
Diethyl- sulphon-methane CH,(SO,C,H,‘)., \ery weak . . 0-1514
Tertiary butylal (CH,);COH weak, . . . 0176
,s  asmylal (CH,)
2>(,OH strong, . . . . . 10
Sulphonal (CH,), - C (80,C4H;), strong, . . . . 1-1156
Tetronal (CyH,),-C- (SOQC.‘,H )2 much stronger than
sulphonal, . . . . . . 4°039
Trional CHj.
>C(90 ,CaH;), much stronger than sulphonal, . 4°458

H. Meyer lays down the following deductions from the various
experiments on narcotics :—

(1) All chemical indifferent matters which are soluble in fat and
fatty bodies must act as narcotics on living protoplasm so far as they
enter into the same.

(2) The action will be the stronger and the earlier on those cells
in which the fatty components are essential to the function of the cell.

(3) The proportionate activity of such narcotic must be dependent,
on the one hand, to the chemical activity of the fat-like substance; on
the other, to the remaining constituents of the body, especially water.
The activity has, therefore, a direct relation to the partition coeflicient
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which determines the distribution of the substance between water and
the fatty substance.

The action of a pure narcotio is, therefore, not chemical ; it forms no
definite chemical compound with the cell, nor does it alter its structure ;
it simply interferes for the time being with its function. If the amount
of narcotic in the serum diminishes, the partition coefficient alters its
value ; and if ever new narcotic free serum leaves the brain cells, the
narcotic dialyses out and the cell resumes its function : e.g. ethyl-alcohol
is soluble in oil and in water, and 2 per cent. narcotises tadpoles in water
in a few minutes ; but if the tadpoles are now transferred to 1 per cent.
alcohol, within five minutes their vivacity is restored, as the alcohol has
dialysed out of the nerve cells.

The partition coefficient can be estimated chemically or physiologically
by the following simple methods.

(a) Non-volatile solid substances soluble in water.—Dissolve 1 grm. in
50 c.c. of water ; add an equal bulk of olive oil ; shake ; then allow the
oil to separate, and take of the aqueous solution a known volume, say
10 c.c., and evaporate to dryness; weigh the residue.

If the original strength of the aqueous solution be designated as
a, and after shaking with oil the concentration be represented as b,
a-b
5

Ezample.—A solution had a strength of 2 per cent. before shaking
and of 0°2 per cent. after shaking ; partition coefficient equals (1)—3 =

(b) Solid substances more soluble in oil than in water.—In this case
only 1 volume of oil is taken to 10, 50, or 100 of water, the ultimate
result being multiplied accordingly.

(c) Fluid substances soluble in oil and in water, and not too volatile.—
10 c.c. of the fluid are shaken with 50 c.c. of oil and water in a
graduated burette and the increase in volume of the oil noted. The
volume of the water is noted ; the increase of volume of the oil divided

oil
water

(d) Physivlogical method.—Tadpoles as compared with leeches or
species of worms belonging to the genus Nais are used. As a rule, a
leech requires double the dose necessary to narcotise a tadpole. An
aqueous solution of the substance is made of such strength that it will
just narcotise tadpoles = 3; another which will narcotise leeches, say
2B. If the original concentration of the liquid equals @, and after
shaking with oil = &; if this b solution narcotises tadpoles but does
not narcotise leeches, the concentration evidently lies between 8 and 283 ;
the solution is now diluted with a measured quantity of distilled water

then the partition coefficient is equal to

by that of the water gives the coefficient
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So again the formation of imide groups in the aromatic ring increases
any poisonous properties the original substance possesses, because the
imide group easily enters into combination with aldehyde: thus piperi-
dine (CH,),NH is more poisonous than pyridine (CH),N ; coniine NH
(CH,),CH - CH, - CH,CH, is more poisonous than collidine N(CH),
C - CH - (CHy),; pyrrol (CH)NH than pyridine (CH),N ;

C,;H, - CH—NH
and amarin * | CH -C;H; than hydrobenzamide
CH;-C = N
C¢H; - CH=N.
CH-C,H;,.
C,H, - CH=N

If the theory is true, then substances with ¢labile” amido groups,
on the one hand, must increase in toxic activity if a second amido group
is introduced ; and, on the other, their toxic qualities must be diminished
if the amido group is changed into an imido group by the substitution
of an atom of hydrogen for an alkyl.

Observation has shown that both of these requirements are satisfied ;
phenylenediamine is more poisonous than aniline; toluylenediamine
more poisonous than toluidine. Again, if an atom of hydrogen in the
amido (NH,) group in aniline be replaced by an alkyl, e.y. methyl or
ethyl, the resulting substance does not produce muscular spasm ; but if
the same alkyl is substituted for an atom of hydrogen in the benzene
nucleus, the convulsive action remains unaffected.

If an acidyl, as for example the radical of acetic acid, enter into the
amido group, then the toxic action is notably weakened ; thus, acetani-
lide is weaker than aniline, and acetylphenylhydrazine is weaker than
phenylhydrazine. If the hydrogen of the imido group be replaced by
an alkyl or an acid radical, and therefore tertiary bound nitrogen
restored, the poisonous action is also weakened.

In xanthin there are three imido groups; the hydrogen of two of
these groups is replaced by methyl in theobromine ; and in caffeine the
three hydrogens of the three imido groups are replaced by three methyls,
thus : —

NH—CH N.CHs—CH N.CHy—CH

co (|3|—NH (;0 (")—N . CHg CIO (ILJ—N . CH,

dd® b ™ L™
Xanthine, Theobromine. Caffeine,

* Th. Weyl (Lehrbuch der vrganischen Chemsic) states (p. 385) that amarin is not
poisonous, but Baccheti (Jakr. d. Chemie, 1865) has shown that 250 mgrms. of the
acetate will kill a dog, 80 mgrms. a guinea-pig; and that it is poisonous to fishes,
birds, and frogs : hydrobenzamide in the same doses has no effect.






42 POISONS : THEIR EFFECTS AND DETECTION.  [§ 27, 28.

N <CH=CH._. (CH.N CH,—CH,0H
{CH,), <
TN oH *"\oH

Neurine, Choline.

CH, CIH,

Il

CH.NH, CH,.NH,

Vinylamine, Ethylamine,

§ 27. M. Ch. Michet * has investigated the comparative toxicity of
the metals by experiments on fish, using species of Serranus, Crenolabrus,
and Jultus. The chloride of the metal was dissolved in water and
diluted until just that strength was attained in which the fish would
live 48 hours; this, when expressed in grammes per litre, he called
‘“the limit of toxicity.” .

The following is the main result of the inquiry, by which it will be
seen that no relation was found between “the limit of toxicity ” and the
atomic weight.

TABLE SHOWING THE RESULTS OF EXPERIMENTS ON FISH,

No. of Limit of
Experimenta. Metal. Toxicity.
20. Mercury, . . . . . . . 00029
7. Copper, . . . . . . . *0033
20. Zine, . . . . . . . ‘0084
10, Iron, . . . . . . . . ‘014
7. Cadmium, . . . . . . . ‘017
6. Ammonium, . . . . . . . ‘064
7. Potassium, . . . . . . . ‘10
10. Nickel, . . . . . . . . ‘126
9. Cobalt, . . . . . . . . ‘126
11. Lithium, . . . . . . . 3
20. Manganese, . . . . . . . ‘30
6. Barium, . . . . . . . ‘78
4, Magnesium, . . . . . . . 15
20, Strontium, . . . . . . .22
5. Calcium, . . . . . . .24
6. Sodium, . . . . . . . 2417

V.—Life-Tests: The Action of Poisons on the Lower
Forms of Life.

§ 28. The progress of synthetic chemistry places annually a large
number of more or less toxic substances in commerce, and it may often
be necessary to ascertain whether a given extract is poisonous at all, and
if 8o, what is its action. Similarly, the action of poison on life forms
generally will assist the toxicological chemist in the identification of a
substance.

* ¢“De la Toxicité comparée des différents Métaux.” Note de M. Ch. Michet
Compt. Rend., t. xciii. p. 649, 1881.
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opaling substances are added in aqueous solution of known but varying
strength, and the behaviour of the organisms observed as compared with
one br more “ controls ” contained in watch-glasses or shallow dishes. A
weak magnifying power is alone required. The chief changes are either
swelling or shrinking, alterations in form, and often the appearance of
several vacuoles ; sometimes, again, the contents become granular.

Rossbach * gives the following intimations of the proportion of the
toxic principle necessary to cause death :—Strychnine 1 part dissolved
in 1500 of water; veratrine 1 in 8000 ; quinine 1 in 5000; atropine 1
in 1000 ; the mineral acids 1 in 400-600 ; salts 1 in 200-300.

(3) Cephalopoda.—The action of a few poisons on the cephalopoda
has been investigated by M. E. Yung.t Curara placed on the skin had
no effect, but on the branchim led to general paralysis. If given in even
fifteen times a greater dose than necessary to kill a rabbit, it was not
always fatal. Strychnine, dissolved in sea-water, in the proportion of
1 to 30,000, causes most marked symptoms. The first sign is relaxation
of the chromataphore muscle and the closing of the chromataphores ;
the animal pales, the respiratory movements become more powerful,
and at the end of a notable augmentation in their number, they fall
rapidly from the normal number of 25 to 5 a minute. Then tetanus
commences after a time, varying with the dose of the poison ; the arm
stiffens and extends in fan-like form, the entire body is convulsed, the
respiration is in jerks, the animal empties his pouch, and at the end of
a few minutes is dead, in a state of great muscular rigidity. If at this
moment it is opened, the venous heart is found still beating. Nicotine
and other poisons were experimented with, and the cephalopoda were
found to be generally sensitive to the active alkaloids, and to exhibit
more or less marked symptoms.

(4) Insects.—The symptoms which may be distinguished in poisoned
flies are dulness or vivacity of movement, loss of power of progression,
paralysis of legs or wings or both, protrusion of the fleshy proboscis,
disorderly movements, and so forth.

Flies are caught without injury by swiftly placing over them a
watch-glass on the window-pane ; a card is then inserted under the watch-
glass and the fly or flies transferred to a table in a good light. Powders,
extracts, liquids can now be easily introduced into the watch-glass, or
the first watch-glass may be placed on another ; in either case, owing to
the confined space, the insect becomes soiled with the substances placed
under the watch-glass, and also usually sucks some up in the efforts to
cleanse itself.

As controls may be used a fly untreated and one submitted to a

* N. J. Rossbach, Pharm. Zeitschr. filr Russland, xix. 628,
+ Compt. Rend., t. xci. p. 806,
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the other leg of the Y tube is connected with another wide tube, X, having a float
valve, F?: the float containing a drop of mercury and permitting (like the float valve
F) passage in one direction only of fluid, it is obvious that if the clip communicating
with N is opened and the clip communicating with P is closed, the normal fluid
will circulate alone through the heart; if, on the other hand, the P clip is open
and the N clip closed, the poisoned blood will alone feed the heart. It is also clear
that by raising or depressing the bulbs, the circulating fluid can be delivered at any
pressure, high or low. Should a bubble of air get into the tubes, it can be got rid of
by removing the cork at 8 and bringing the fluid up to the level of the top of the
aperture. The observation is made by first ascertaining the number and character of
the beats when the normal fluid is circulating, and then afterwards when the normal
is replaced by the poisoned fluid. A simpler but less accurate process is to pith two
frogs, excise their respective hearts, and place the hearts in watch-glasses contain-
ing either serum or a solution of common salt (strength 0°75 per cent.); to the one
heart is now added a solution of the poison under examination, and the difference in
the behaviour and character of the beats noted.

The phenomena to be specially looked for are the following : —

1. The heart at the height of the poisoning is arrested in diastole.
2. The heart at the height of the poisoning is arrested in systole,

Arrest in diastole.—The arrest may be preceded by the contractions becoming
weaker and weaker, or after the so-called heart peristalsis ; or it may be preceded by
a condition in which the auricle shows a different frequency to the ventricle.

The final diastole may be the diastole of paralysis or the diastole of irritation.

The disstole of irritation is produced by a stimulus of the inhibitory ganglia, and
only occurs after poisoning by the muscarine group of poisons. This condition may
be recognised by the fact that contraction may be excited by mechanical and electrical
stimuli or by the application of atropine solution ; the latter paralyses the inhibitory
nervous centres, and therefore sets the mechanism going again. The diastole of para-
lysis is the most frequent form of death. It may readily be distinguished from the
muscarine diastole ; for in muscarine diastole the heart is full of blood and larger
than normal, but in the paralytic form the heart is not fully extended, besides which,
although, if normal blood replace that which is poisoned, the beats may be restored
for a short time, the response is incomplete, and the end is the same ; besides which
atropine does not restore the beats. The diastole of paralysis may depend on para-
lysis of the so-called excito-motor ganglia (as with iodal), or from paralysis of the
muscular structure (as with copper).

The heart at the height of the poisoning stops in systole.

2. Arrest in systole.—The systole preceding the arrest is far stronger than
normal, the ventricle often contracting up into a little lump. Contraction of this
kind is specially to be seen in poisoning by digitalis. In poisoning by digitalis the
ventricle is arrested before the auricle; in muscarine poisoning the auricle stops
before the ventricle. If the reservoir of Williams’ apparatus is raised so as to
increase the pressure within the ventricle the beat may be restored for a time, to
again cease.

A frog’s heart under the influence of any poison may be finally divided into
pieces so as to ascertain if any parts still contract ; the significance of this is, that
the particular ganglion supplying that portion of the heart has not been affected : the
chief ganglia to be looked for arc Remak’s, on the boundary of the sinus and auricle ;
Ludwig’s, on the auricle and the septum of the auricle ; Bidder's, on the atrioventri-
cular border, especially in the valves ; and Dogiel’s ganglion, between the muscular
fibres. According to Dogiel, poisons acting like muscarine affect every portion of the
heart, and atropine restores the contractile power of every portion.

Jacobi’s apparatus. —Glass canulas are introduced into the left vena cava and
aorta respectively, the other big vessels being ligatured ; the arrangement is as in the
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§ 80. The effect of poisons on the iris.—Several poisons affect the pupil, causing
either contraction or dilatation. The most suitable animal is the cat, the pupil of
the cat readily showing either state.

Toxic myosis, or toxic contraction of the pupil.—There are two forms of toxic
myosis, one of which is central in its origin. In this form, should the poison be
applied to the eye itself, no marked contraction follows ; the poison must be swallowed
or injected subcutaneously to produce an effect. The contraction remains until
death.

The contraction in such a case is considered to be due to a paralysis of the dilata-
tion centre; it is a ‘‘ myosis paralytica centralis; the best example of this is the
contraction of the pupil caused by morphine.

In the sccond case the poison, whether applied direct to the eye or entering the
circulation by subcutaneous injection, contracts the pupil ; the contraction persists if
the eye is extirpated, but in all cases the contraction may be changed into dilatation
by the use of atropine. An example of this kind of myosis is the action of muscarine.
It is dependent on the stimulation of the ends of the nerves which contract the pupil,
especially the ends of the nervus oculomotorius supplying the sphincter iridis ; this
form of myosis is called myosis spastica periphera. A variety of this form is the myosis
spastica muscularis, depending on stimulation of the musc. sphincter iridis, seen in
poisoning by physostigmine. This causes strong contraction of the pupil when locally
applied ; the contraction is not influenced by small local applications of atropine, but
it may be changed to dilatation by high doses. Subcutaneous injection of small doses
of physostigmine does not alter the pupil, but large poisonous doses contract the pupil
in & marked manner.

Toxic mydriasis, or toxic dilatation of the pupil. —The following varieties are
to be noticed : —

1. Toxic doses taken by the mouth or given by subcutaneous injection give rise
to strong dilatation ; this vanishes before death, giving place to moderate contraction.
This form is due to stimulation of the dilatation centre, later passing into paralysis.
An example is found in the action of aconite.

2. After subcutaneous or local application, a dilatation neutralised by physostig-
mine in moderate doses. This is characteristic of -tetrahydronaphthylamine.

3. Aftersubcutaneousinjection, or if applied locally in very small doses, dilatation
occurs persisting to death. Large doses of physostigmine neutralise the dilatation, but
it is not influenced by muscarine or pilocarpine: this form is characteristic of atropine,
and it has been called mydriasis paralytica periphera.

VI1.—General Method of Procedure in Searching
for Poison.

§ 31. Mineral substances, or liquids containing only inorganic
matters, can cause no possible difficulty to any one who is practised
in analytical investigation; but it is otherwise with organic fluids or
solids.

The first thing to be done is to note accurately the manner in which
the samples have been packed, whether the seals have been tampered
with, whether the vessels or wrappers themselves are likely to have
contaminated the article sent ; and then to make a very careful observa-
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METHODS OF DESTROYING ORGANIC MATTER WHEN
SEARCHING FOR MINERAL POISONS (ESPECIALLY
ARSENIC).

§ 32. (A) Destruction by heat.—Of all methods, destroying by heat
alone or in a current of oxygen is the most perfect ; always provided
that the apparatus is so arranged that volatile metallic vapours can be
condensed or otherwise recovered.

G. Bertrand,* in researches on the presence of arsenic in the animal
tissues, burns the organic matter by means of compressed oxygen in
Berthelot’s calorimetric bomb. From 1-2 grms. of the substance,
previously dried, is placed in the bomb ; and the combustion is initiated
by a very small shred of fulminating cotton in a platinum loop, through
which is passed an electric current.

Where necessary, the product of several combustions is accumulated
in the same bomb. The bomb is then washed out with water. The
water contains traces of nitric acid produced in the combustion, which
it is usually best to evaporate off.

The objection to the process is the expense of the apparatus, the
cheaper enamelled bombs in commerce, according to Bertrand, always
containing traces of arsenic ; besides which, only a very small quantity
of the substance can be dealt with at one operation. On the other hand,
the advantages are obvious. The combustion is complete, and a solution
can be readily obtained suitable for treatment by hydric sulphide or by
Marsh’s apparatus.

Verryken 1 places 5-10 grms. of the previously dried organic matter
in a combustion tube, into which is led dry oxygen by three small tubes
of different length, in order to distribute the gas equally; the tube is
connected with a series of bulbs charged with water. The tube is very
carefully heated to a dull red heat on each side of the substance; then
the substance itself is heated very carefully, in such a way as to
avoid brisk inflammation of the mass; on cooling, the tube is washed
out with hot nitric acid, the water in the bulbs added, and thus a nitric
acid solution obtained.

In the method of Woehler and Siebold, the matters, suitably divided,
are heated in a porcelain dish with their weight of nitric acid until
an homogeneous mass has been obtained, then the acid is neutralised,
by soda, potash, ammonia, or lime, and evaporated to dryness. The
product is now cast in small portions at a time into a porcelain crucible
brought to a dull red heat. The ultimate mass, which should be of a

* G. Bertrand, ‘‘ Emploi de la bombe calorimetrique pour demontrer ’existence

de I’arsenic dans l'organisme,” Comptes Rend., 1903.
t Journ. de pharm. &’ Anvers, 1872.
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Four grms. of pure sulphuric acid and 40 grms. of nitric acid
(1'42 sp. gr.) are added to 100 grms. of the organic matter in a
porcelain dish. This is carefully heated until the entire mass assumes
a chocolate colour; 30 additional grms. of nitric acid are added little
by little, taking care that before the addition of a fresh quantity the
matters have a brown tint; after the addition of the final quantity,
the heat is continued until the contents are almost black, with
commencing carbonisation.

Next, 12 more grms. of nitric acid, three successive times are added,
after each addition pushing the carbonisation still farther. The operation
is finished when no more fumes are evolved and the carbon detaches itself
from the dish. The mass is now rubbed to a powder in the dish itself
by means of a pestle, and exhausted with from 260 to 300 c.c. of boiling
water. This, after being filtered, contains the metals ; some sulphurous
acid is added, and the whole is submitted to a current of SH, for 3
hours, first at a temperature of 100°C. and then at ordinary temperatures.
100 grms. of muscle leave from 25 to 3 grims. of carbon. The quantity
of acid used in ordinary cases is therefore 4 grms. of sulphuric acid
and 106 of nitric acid; but should the matters be very fatty, more
nitric acid is recommended.

According to Gautier, the nitric acid acts on the chlorides,
forming a nitro-hydrochloric acid, very poor in the latter (hydro-
chloric) acid, so that the chlorine is expelled with the nitrous
products without a trace of arsenic chloride being formed. The
excess of nitric acid also effectually prevents the formation of
arsenic sulphide,

Pagel’s process.—The older processes in which arsenic is distilled
over as chloride of arsenic, according to the researches of Gautier, do
not yield good results. Schlagdenkaufen and Pagel have, however,
elaborated a process in which they state that in all cases the total
amount of arsenic may be recovered in the form of chloride.

The suspected organic matters are placed in a tubulated retort
with a mixture of two parts of pure sodium chloride and one part of
potassium bichromate ; by means of a funnel tube provided with stopcock,
pure sulphuric acid is allowed to drop little by little on to the mixture,
A violent reaction occurs, chromous chloride (CrO,Cl,) gas being pro-
duced; the vapours are caused to pass first into a flask cooled  with
water, then through bulbs or other apparatus, the final portion of which
is charged with a weak solution of potash. The action is aided by
heat ; the addition of sulphuric acid is continued until no more yellow
vapours are produced and the carbon disappears. The gas is decom-
posed by the first washing of water into hydrochloric acid and chromic
acid, CrO,Cl; + H{O=CrO; + 2HCL. The heat being continued, sulphur
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does certainly dissolve out of linen and cloth blood-colouring matter
with great facility. The best way to steep the spots in the solution is
to scrape the spot off the fabric, and to digest it in about a cubic
centimetre of the borax solution, which must not exceed 40°; the
coloured solution may be placed in a little glass cell, with parallel walls,
‘b centimetre broad and ‘1 deep, and submitted to spectroscopic
examination, either by the ordinary spectroscope or by the micro-
spectroscope ; if the latter is used, a very minute quantity can be
examined, even a single drop. A better solvent is Riegler’s reagent,
to be described later. In order to interpret the results of this examina-
tion properly, it will be necessary to be intimately acquainted with the
spectroscopic appearances of both ancient and fresh blood.

§ 35. Spectroscopic Appearances of Blood.—Fresh blood defibrin-
ated, filtered, and examined in a test tube or in a suitable absorption
cell by a prism spectroscope shows, when diluted sufficiently with water,
two absorption bands, the one near the sodium line well defined, the
maximum shadow being at wave length 578-1; the other in the green
with somewhat fluffy edges, therefore less definite in the green, the
centre of the band being at 541'7; this two-banded spectrum is that
of oxyhsmoglobin. The spectrum is graphically represented in fig. 1,
taken from J. Formanek’s paper.*

On exposure of the same solution to air, new bands make their
appearance ; these new bands are those of methemoglobin ; the older
the solution, the more the bands of meth@moglobin tend to intensify,
the more those of oxyhmmoglobin fade. The spectrum is, however,
with blood weeks or even months old, always a mixture of oxyhamo-
globin and metheemoglobin ; the wave lengths of the two methsemo-
globin bands centres are respectively 634, and a weak band in the
green 5008 (see fig. 2).

By adding ammonium sulphide to blood the spectrum of heemoglobin
(fig. 3) is obtained ; it shows a weak absorption band (619'8) and a
broad, somewhat diffuse band (554°7).

Oxyh@moglobin solutions treated with alkalies suffer change; the
oxyh@moglobin is separated into he@matin and an albuminous body.
The h@matin is soluble in strong soda lye, and shows a single band in
alcoholic solution, which is situated about A 5988 (see fig. 6). If this
alkaline solution of hematin is now treated with a reducing substance, a
third colouring substance makes its appearance, called by Hoppe-Seyler,
who discovered it, by the name of hemochromogen ; this shows two
absorption bands very similar to heemoglobin, but both bands are shifted
towards the violet end of the spectrum (A 559-1 and A 529-2) (fig. 7).

* *“Ueber die Absorption Spectra des Blutfarbstoffe,” Zeit. f. anal. Chemic,
1901, 505,
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matter be derived from blood, oxyh®moglobin, methemoglobin, or
hematin, the two bands of hemochromogen can be seen in the suitably
diluted solution ; if the solution is shaken up with air, the spectrum
changes into the one-banded alkaline hamatin (fig. 6), as seen in an
alcoholic solution, but on standing the two-banded spectrum of heemo-
chromogen slowly comes back ; these changes can be traced with the
naked eye, for the red solution, on shaking with air, takes a greenish
tint, and then slowly returns back into purple-red. There is no dye
which possesses similar properties, hence this naked-eye change is
almost sufficient to identify a red organic substance as blood. Hsemato-
porphyrin (figs. 8 and 9) is obtained by heating blood carefully for a
short time with sulphuric acid of a. eertain concentration.

Sulphamoglobin (fig. 10) is obtained by treating diluted blood with
sulphuretted hydrogen in the presence of air; it gives a very definite
band (619-8); at the same time the oxyhamoglobin bands fade; this
is the appearance which may be seen in the blood of persons poisoned
by hydric sulphide.

The spectrum of carbon monoxide h@moglobin (fig. 11) is that of
oxyhsmoglobin with the bands slightly displaced towards the violet
end.

Formanek, in researches on guinea-pigs, has shown that the maximum
displacement only occurs when the blood has attained a certain amount
of saturation with the gas. .

In four animals the blood was examined during life, when the
convulsions began, and after death, with the following results :—

In convulsive stage. After death.
Centre of Centre of Centre of Centre of
chief band. subsidiary chief band. subsidiary
band. band.
(1) A 576 A 540 A572°5 A 5883
(2) A D76 A 540 Ab72°7 A 5386
(3) A 576 A 540 Ab573°0 A 53887
(4) AS72°7 A 538°5

The blood in CO poisoning has also other characteristics. It is of a
peculiar florid vermilion colour, a colour that is very persistent, lasting
for days and even weeks.

Normal blood mixed with 30 per cent. potash solution forms greenisl
streaky clots, while blood charged with CO forms red streaky clots.

Normal blood diluted to 50 times its volume of water, and then
treated successively with yellow ammonium sulphide in the proportion
of 2 to 2b c.c. of blood, followed by 3 drops of acetic acid, gives a
grey colour, while CO blood remains bright red. CO blood shaken with
4 times its volume of lead acetate remains red, but normal blood becomes
brown.*

* M. Rubner, 4drch. Hyg., x. 897.
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portion of the borax solution is diluted with 5 or 6 parts of water, and
one or more drops of a 5 or 6 per cent. solution of zinc acetate added,
8o long as a brownish-coloured precipitate is thrown down. The
precipitate is filtered off by means of a miniature filter, and then
removed on to a watch-glass. The precipitate may now be dissolved
in 1 or 2 c.c. of acetic acid, and examined by the spectroscope it will
show the spectrum of h@matin. A minute crystal of sodium chloride
being then added to the acetic acid solution, it is allowed to evaporate
to dryness at the ordinary temperature, and crystals of h®matin hydro-
chlorate result. There are other methods of obtaining the crystals.
When a drop of fresh blood is simply boiled with glacial acetic acid,
on evaporation, prismatic crystals are obtained.

Heematin is insoluble in water, alcohol, chloroform, and in cold dilute
acetic and hydrochloric acids. It may, however, be dissolved in an
alooholic solution of potassic carbonate, in solutions of the caustic

alkalies, in boiling acetic and hydro-

: chloric acids, and in Riegler’s re-
x ’ agent. Hoppe-Seyler ascribes to
l the crystals the formula C,H, N

Y 4 * Fe,0,,2HCl. Thudichum considers

. ' that the pure crystals contain no

chlorine, and are therefore those of

’ b h@matin, It is the resistance of

the hematin to decomposition and
* to ordinary solvents that renders it~
possible to identify a certain stain

to be that of blood, after long periods of time. Dr. Tidy seems to have
been able to obtain blood reactions from a stain which was supposed to
be 100 years old. The crystals are of a dark red colour, and present
themselves in three forms, of which that of the rhombic prism is the
most common (see fig.). But crystals like b, having six sides, also

occur, and also crystals similar to c.

If the spot under examination has been scraped off an iron implement
the h@matin is not so easily extracted ; but Dragendorff states that borax
solution at 50° dissolves it, and separates it from the iron. Felletar has
also extracted blood in combination with jron rust, by means of warm
solution of caustic potash, and, after neutralisation with acetic acid, has
precipitated the h@min by means of tannin, and obtained from the
tannin precipitate, by means of acetic acid, Teichmann’s crystals. A
little of the rust may also be placed in a test tube, powdered ammonium
chloride added, also a little strong ammonia, and after a time filtered ;
a small quantity of the filtrate is placed on a slide with a crystal of
=~dinm chloride and evaporated at a gentle heat, then glacial acetic acid
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the blood was certainly human, more especially if he had to give evi-
dence in a_criminal case.

Neumann affirms that the pattern which the fibrin or coagulum of
the blood forms is peculiar to each animal, and Dr. Day, of Geelong,
has independently confirmed his researches: this very interesting
observation perhaps has not received the attention it merits.

‘When there is sufficient of the blood present to obtain a few milligrms.
of ash, it may be possible to distinguish human blood from that of other
common mammals by estimating the relative amounts of potassium
and sodium in the blood. In the blood of the cow, sheep, fowl, pig,
and horse, the sodium very much exceeds the potassium in the ash;
thus the proportion of potassium oxide to that of sodium oxide in the
blood of the sheep is as K;0: Na,0::1:6; in that of the cow, as 1:8;
in that of the domestic fowl, as 1:16; while the same substances in
human blood are sometimes equal, and vary from 1:1 to 1:4 as
extremes, the mean numbers being as 1:2:2. The potassium is
greater in quantity in the blood corpuscles than in the blood serum ;
but, even in blood serum, the same marked differences between the
blood of man and that of many animals is apparent. Thus, the pro-
portion of potash to soda being as 1:10 in human blood, the proportion
in sheep’s blood is 1 to 15°7 ; in horse’s serum as 1 to 16-4 ; and in the
ox as 1 to 17. Since blood, when burnt, leaves from 6 to 7 per
thousand of ash, it follows that a quantitative analysis of the relative
amounts of potassium and sodium can only be satisfactorily effected
when sufficient of the blood is at the analyst’s disposal to give a weigh-
able quantity of mineral matter. On the other hand, much work
requires to be done before this method of determining that the blood is
either human, or, at all events, not that of an herbivorous animal, can
be relied on. We know but little as to the effect of the ingestion of
sodium or potassium salts on either man or animals, and it is possible—
nay, probable—that a more or less entire substitution of the one for
the other may, on certain diets, take place. Bunge seems in some
experiments to have found no sodium in the blood of either the cat or
the dog.

The source from which the blood has emanated may, in a few cases,
be conjectured from the discovery, by microscopical examination, of
hair, or of buccal, nasal, or vaginal epithelium, etc., mixed with the
blood-stain.

Biological Test for Human Blood.—A test for distinguishing human
from animal blood has been devised by Jules Ogier and Herscher.*
The blood-spot is dissolved in water, and two or three cubic centimetres
of the solution are placed in test tubes 10 to 12 cm. long and 4 to §

* Ann. Chim. Anal., 1902, vii. 241.
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cm. diameter. In similar tubes is placed the same quantity of control
solutions of human, pigs, oxen, dogs, or other animals’ blood, of
approximately the same strength.

To each tube is now added 10 drops of serum from rabbits which
have been repeatedly subcutaneously injected with human blood.

The tubes are placed in water at 37-40° C.; after 10 minutes
human blood will show a precipitate, which will be copious after half an
hour. A slight precipitate may be neglected. This test may be also
applied to old blood-stains. A precipitate is also said to be obtained
with blood from monkeys. Care should be taken to neutralise the blood
if it be acid, as it will, if acid, always give a precipitate. When blood
has been dried.on certain materials, such for instance as thick polished
yellow leather, it has been found impossible to get the reaction.



PART II.—POISONOUS GASES: CARBON MONOXIDE—
CHLORINE—HYDRIC SULPHIDE,

1. Carbon Monoxide.

§ 37. Carbon monoxide, CO, is a colourless, odourless gas of 0:96709
sp. gravity., A litre weighs 125133 grm. It is praetically insoluble
in water. It unites with many metals, forming gaseous or volatile
compounds, e.g. nickel carbon oxide, Ni(CO,), is a fluid volatilising
at 40°. These compounds have, so far as is known, the same effects
as CO.

Whenever carbon is burned with an insufficient supply of air, CO
in a certain quantity is produced. It is always present in ordinary
domestic products of combustion, and must be exhaled from the
various chimneys of a large city in considerable volumes. A ‘smoky ”
chimney or a defective flue will therefore introduce carbon monoxide
into living-rooms. The vapour from burning coke or burning char-
coal is rich in carbon monoxide. It is always a constituent of coal
ga8; in England the carbon monoxide in coal gas amounts to about
8 per cent. Poisoning by coal gas is practically poisoning by carbon
monoxide. Carbon monoxide is also the chief poisonous constituent
in water gas.

Carbon monoxide poisoning occurs far more frequently in France
and Germany than in England ; in those countries the vapour evolved
from burning charcoal is a favourite method of suicide, on account of
the supposed painlessness of the death, It has also occasionally been
used as an instrument of murder. In this country carbon monoxide
poisoning mainly takes place accidentally as the effect of breathing coal
gas ; possibly it is the secret and undetected cause of ill-health where
chimneys ‘“smoke”: and it may have something to do with the sore
throats and debility so often noticed when persons breathe for long
periods air contaminated by small leakages of coal gas.

The large gas-burners (geysers) emit in burning under certain con-
ditions much carbon monoxide. It has been proved by Grehant * that
* Compt. Rend. Soc. de Biol., ix. 779-780,
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temples, a noise in the ears, feebleness, anxiety, and a dazed condition
deepening into coma. It is probably true that charcoal vapour is com-
paratively painless, for when larger amounts of the gas are breathed the
insensibility comes on rapidly and the faces of those who have suc-
cumbed as a rule are placid. Vomiting, without being constaut, is a
frequent symptom, and in fatal cases the feeces and urine are passed in-
voluntarily. There are occasional deviations from this picture ; tetanic
strychnine-like convulsions have been noticed, and a condition of excite-
ment in the non-fatal cases as if from alcohol ; in still rarer cases tem-
porary mania has been produced.

In non-fatal but moderately severe cases of poisoning sequela follow,
which in some respects imitate the sequele seen on recovery from the
infectious fevers. A weakness of the understanding, incapacity for
rational and connected thought, and even insanity bave been noticed.
There is a special liability to local inflammations, which may pass into
gangrene. Various paralyses have been observed. Eruptions of the
skin, such as herpes, pemphigus and others. Sugar in the urine is an
almost constant concomitant of carbon monoxide poisoning.

§ 39. The poisonous action of carbon monoxide is, without doubt,
due to the fact that it is readily absorbed by the blood, entering into a
definite chemical compound with the heemoglobin ; this combination is
more stable than the similar compound with oxygen gas, and is therefore
slow in elimination.

Hence the blood of an animal remaining in an atmosphere containing
carbon monoxide is continually getting poorer in oxygen, richer in carbon
monoxide. Grehant has shown that if an animal breathes for one hour
a mixture of 0'5 carbon monoxide to 1000 oxygen, the blood contains at
the end of that time one-third less oxygen than normal, and contains
152 times more carbon monoxide than in the mixture. An atmosphere
of 10 per cent. carbon monoxide changes the blood so quickly, that
after from 10 to 25 seconds the blood contains 4 per cent. of carbon mon-
oxide, and after from 75 to 90 seconds 184 per cent. Breathing even
for half an hour an atmosphere containing from 0-07 to 012 per cent.
carbon monoxide renders a fourth part of the red corpuscles of the blood
incapable of uniting with oxygen.

The blood is, however, never saturated with carbon monoxide, for
the animal dies long before this takes place.

The characteristics of the blood and its spectroscopic appearances
are described at p. 62.

Besides the action on the blood there is an action on the nervous
system. Kobert,* in relation to this subject, says :—*“That CO has a
direct action on the nervous system is shown in a marked manner when

* Lehrbuch der Intoxicationen, 526.
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small areas of softening in the human brain in cases of CO poisoning :
these may be explained by the light of the appearances just described
a8 caused by small thrombi in the brain vessels.

Poisoning by a small dose of carbon monoxide may produce but few
striking changes, and then it is only by a careful examination of the
blood that evidence of the real nature of the case will be obtained.

§ 41. Mass poisonings by Carbon Monoxide.—An interesting series
of cases of poisoning hy water gas occurred at Leeds in 1889, and have
been recorded by Dr. Thos. Stevenson.*

Water gas is made by placing coke in a vertical cylinder and heating
the coke to a red heat. Through the red-hot coke, air is forced up
from below for ten minutes; then the air is shut off and steam passes
from above downwards for four minutes; the gas passes through a
scrubber, and then through a ferric oxide purifier to remove SH,. It
contains about 50 per cent. of hydrogen and 40 per cent. of carbon
monoxide, that is, about five times more carbon monoxide than coal
gas.
On November 20, 1889, two men, R. French and H. Fenwick, both
intemperate men, occupied a cabin at the Leeds Forge Works; the
cabin was 540 c. feet in capacity, and was lighted by two burners, each
burning 5°5 c. feet of water gas per hour ; the cabin was warmed by a
cooking stove, also burning water gas, the products of combustion
escaping into the cabin. Both men went into the cabin after breakfast
(8.30 A M.). French was seen often going to and fro, and Fenwick was
seen outside at 10.30 .M. At 11.30 the foreman accompanied French
to the cabin, and found Fenwick asleep, as he thought. At 12.30 p.m.
French’s son took the men their dinner, which was afterwards found
uneaten. At that time French also appeared to be asleep; he was
shaken by his son, upon which he nodded to his son to leave. The
door of the cabin appears to have been shut, and all through the morn-
ing the lights kept burning ; no smell was experienced. At 2.30 p.mM.
both the men were discovered dead. It was subsequently found that
the stove was unlighted, and the water gas supply turned on.

What attracted most attention to this case was the strange incident
at the post-mortem examination. The autopsies were begun two days
after the death, November 22, in a room of 39,000 c. feet capacity.
There were present Mr. T. Scattergood (senior), Mr. Arthur Scattergood
(junior), Mr. Hargreaves, three local surgeons, Messrs. Brown, Loe and
Jessop, and two assistants, Pugh and Spray. Arthur Scattergood first
fainted ; Mr. Scattergood, senior, also had some peculiar sensations, viz.,
tingling in the head and slight giddiness ; then Mr. Pugh became faint
and staggered ; and Mr. Loe, Mr. Brown, and Mr. Spray all complained.

* GQuy's Hospital Reports, 1889.






74 POISONS : THEIR EFFECTS AND DETECTION. (§ 42.

off, to return again during the night. The headaches were so intense
that the whole family regularly applied vinegar rags to their heads, on
going to bed each night during this period, for about three weeks.
About 2 o'clock on Sunday morning the headaches became so severe
that the mother got out of bed and renewed the application of vinegar
and water all round, after which they all fell asleep, and, so far as the
father and mother were concerned, remained completely unconscious
until Monday morning.

A man who occupied the house opposite the house tenanted by the
last-mentioned family informed the narrator (Dr. Reid) that on Sunday
morning the family, consisting of four, were taken seriously ill with a
feeling of sickness and depression accompanied by headache; and he
also stated that for some time they had smelt what he termed a ‘fire
stink ” issuing from the cellar.

The cottage in which the family lived that had suffered so severely
was situated about 20 or 30 yards from the shaft of a disused coal mine,
and was the end house of a row of cottages. It had a cellar opening
into the outer air, but this opening was usually covered over by means of
a piece of wood. The adjoining house to this, the occupants of which
had for some time suffered from headache, although to a less extent, had
a cellar with a similar opening, but supplied with an ill-fitting cover.
The house on the opposite side of the road, in which the two birds were
found dead, had a cellar opening both at the front and the back; but
both these openings, until a little before the occurrence detailed, had
been kept closed. The cellars in all cases communicated with the houses
by means of doors opening into the kitchens. According to the general
account of the occupants, the cellars had smelled of fire stink,” which,
in their opinion, proceeded from the adjoining mine.

The shaft of the disused mine communicated with a mine in working
order, and, to encourage the ventilation in this mine, a furnace had for
some weeks been lit and suspended in the shaft. This furnace had set
fire to the coal in the disused mine and smoke had been issuing from
the shaft for four weeks previously. Two days previous to the inquiry
the opening of the shaft had been closed over with a view to extinguish
the fire.

Dr. Reid considered, from the symptoms and all the circumstances of
the case, that the illness was due to carbon monoxide gas penetrating into
the cellars from the mine, and from thence to the living and sleeping
rooms. A sample of the air yielded 0-015 per cent. of carbon monoxide,
although the sample had been taken after the cellar windows had been
open for twenty-four hours.

§ 42. Penetration of Carbon Monoxide.—It is not always sufficient
to detect carbon monoxide in the blood to establish death from that
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A solution of cuprous chloride which has absorbed CO gives it up on
being treated with potassic bichromate and acid. It has been proposed
by Wanklyn to deprive large quantities of air of oxygen, then to absorb
any carbon monoxide present with cuprous chloride, and, lastly, to
free the cuprous chloride from the last gas by treatment with acid
bichromate, so as to be able to study the properties of a small quantity
of pure gas.

A more reliable method to detect small quantities of carbon monoxide
is, however, as proposed by Hempel, to absorb it in the lungs of a living
animal.

A mouse is placed between two funnels joined together at their
mouths by a band of thin rubber; one of the ends of the double funnel
is connected with an aspirator, and the air thus sucked through, say for
half an hour or more; the mouse is then killed by drowning, and a
control mouse, which has not been exposed to a CO atmosphere, is also
drowned ; the bodies of both mice are cut in two in the region of the
heart, and the blood collected. Each sample of blood is diluted in the
same proportion and spectroscopically examined in the manner detailed
at p. 60. The limit of the test lies at about 0°03 per cent. when large
volumes of the gas are used.

A more delicate reaction, and one which may be used for the estima-
tion of CO, is that of Nicloux and Gautier. The gas to be examined is
freed from unsaturated hydrocarbon by shaking with fuming sulphuric
acid, and from carbon dioxide by passing over soda-lime; it is then
passed over iodine pentoxide heated by means of an oil-bath to a
temperature of from 150°~200°. The iodine pentoxide is decomposed in
accordance with the equation 1,0, + 5CO = I, + 5CO,, the liberated iodine
is caught in 10 per cent. potassium iodide, and may be determined by

l(f(r)o sodium thiosulphate. Thorpe,* using this method, has obtained

good results with as little as “0025 per cent. of carbon monoxide.

I1.—Chlorine.

§ 44. Chlorine is a yellow-green gas, which may, by cold and pressure,
be condensed into a liquid. Its specific gravity is, as compared with
hydrogen, 3537 ; as compared with air, 245 ; a litre under standard
conditions weighs 3167 grms. It is soluble in water.

The usual method of preparation is the addition of hydrochloric acid
to bleaching powder, which latter substance is hypochlorite of lime
mixed with calcic chloride and, it may be, a little caustic ime. Another

* J.C.S., lxxxiii. 818, 1908,
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of filter-paper in this solution. Such a strip, when moistened and
submitted to a chlorine atmosphere, is at once turned blue, because
chlorine displaces iodine from its combination with potassium. Litmus-
paper, indigo blue or other vegetable colours are at once bleached.

To estimate the amount of chlorine, a known volume of the air is
drawn through a solution of potassium iodide, and the amount of iodine
set free determined by titration with sodic hyposulphite, as detailed
at p. 80.

III.—Hydric Sulphide (Sulphuretted Hydrogen).

§ 47. Hydric sulphide, SH,, is a colourless transparent gas of sp.
gravity 1'178. It burns with a blue flame, forming water and sulphur
dioxide, and is soluble in water; water absorbing about three volumes
at ordinary temperatures. It is decomposed by either chlorine gas or
sulphur dioxide.

It is a common gas a8 a constituent of the air of sewers or cesspools,
and emanates from moist slag or moist earth containing pyrites or
metallic sulphides ; it also occurs whenever albuminous matter putre-
fies ; hence it is a common constituent of the emanations from corpses of
either man or animals. It has a peculiar and intense odour, generally
compared to that of rotten eggs; this is really not a good comparison,
for it is comparing the gas with itself, rotten eggs always producing
SH,; it is often associated with ammonium sulphide.

§ 48. Effects.—Pure hydric sulphide is never met with out of the
chemist’s laboratory, in which it is a common reagent either as a gas or
in solution ; so that the few cases of poisoning by the pure gas, or
rather the pure gas mixed with ordinary air, have been confined to
laboratories.

The greater number of cases have occurred accidentally to men
working in sewers, or cleaning out cesspools and the like. In small
quantities it is always present in the air of towns, as shown by the
blackening of any silver ornament not kept bright by frequent use.
In the construction of a graving dock at Hebburn-on-Tyne, July 1902,
three workmen lost their lives through breathing SH,. They had to
enter a large iron caisson, the excavation at the bottom of which had
reached some old alkali waste, and the water, as subsequent analysis
showed, contained 12:2 volumes per cent. of SH,. The first workman
had been in twenty minutes when screams were heard ; a second man
went to his assistance, shouted and fell to the bottom ; the same fate
befell a third. The post-mortem examination showed the heart normal,
right side flaccid and empty, left hard and firmly contracted. No
odour of hydric sulphide in the body. Lungs pale and cedematous.
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no special change. The most frequent change in slower poisoning is,
according to Lehmann, cedema of the lungs. A green colour of the
face and of the whole body is sometimes present, but not constant. A
spectroscopic examination of the blood may also not lead to any con-
clusion, the more especially as the spectrum of sulphur metha@moglobin
may occur in any putrid blood. The pupils in some cases have been
found dilated ; in others not so.

Chronic poisoning.—Chronic poisoning by SH, is of considerable
interest in a public health point of view. The symptoms appear to be
conjunctivitis, headache, dyspepsia and anmmia. A predisposition to
boils has also been noted.

§ 50. Detection.—Both ammonium and hydric sulphides blacken
silver and filter-paper moistened with acetate of lead solution. To test
for hydric sulphide in air, a known quantity may be aspirated through a
little solution of lead acetate. To estimate the quantity a decinormal
solution of iodine in potassium iodide * solution is used, and its exact
strength determined by d.n. sodic hyposulphite solution;t the hypo-
sulphite is run in from a burette into a known volume, e.g. 50 c.c., of
the d.n. iodine solution, until the yellow colour is almost gone; then a
drop or two of fresh starch solution is added and the hyposulphite run
in carefully, drop by drop, until the blue colour of the starch dis-
appears. 1f now a known volume of air is drawn through 50 c.c. of the
d.n. iodine solution, the reaction I,+ SHy=2HI + 8 will take place, and
for every 127 parts of iodine which have been converted into hydriodic
acid 17 parts by weight of SH, will be necessary; hence on titrating
the 50 c.c. of d.n. iodine solution, through which air containing SH, has
been passed, less hyposulphite will be used than on the previous occa-
sion, each c.c. of the hyposulphite solution being equal to 1-11 c.c. or
to 1°7 mgrm. of SH,.

* 127 grms. of jodine, 16'6 grms. of potassium iodide, dissolved in a litre of
water.
+ 248 grms. of sodic hyposulphite, dissolved in a litre of water.
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common with all acids, it reddens litmus, yellows cochineal, and changes
all vegetable colours. There is another form of sulphuric acid, ex-
tensively used in the arts, known under the name of ‘Nordhausen
sulphuric acid,” “ fuming acid,” formula H,S,0,. This acid is produced
by the distillation of dry ferrous sulphate, at a nearly white heat—
either in earthenware or in green glass retorts ; the distillate is received
in sulphuric acid. As thus manufactured, it is a dark fuming liquid,
of 1'9 specific gravity, and boiling at 53°. When artificially cooled
down to 0°, the acid gradually deposits crystals, which consist of a
definite compound of 2 atoms of anhydrous sulphuric acid and 1 atom
of water. There is some doubt as to the molecular composition of
Nordhausen acid ; it is usually considered as hydric sulphate saturated
with sulphur dioxide. This acid is manufactured chiefly in Bohemia,
and is used, on a large scale, as a solvent for alizarine.

§ 52. Sulphur Trioxide, or Sulphuric Anhydride (SO,), itself may
be met with in scientific laboratories, but is not in commerce. Sulphur
trioxide forms thin needle-shaped crystals, arranged in feathery groups.
Seen in mass, it is white, and has something the appearance of asbestos.
It fuses to a liquid at about 18°, boils at 35°, but, after this operation
has been performed, the substance assumes an allotropic condition, and
then remains solid up to 100°; above 100° it melts, volatilises, and
returns to its normal condition. Sulphuric anhydride hisses when it
is thrown into water, chemical combination taking place and sulphuric
acid being formed. Sulphur trioxide is excessively corrosive and
poisonous,

Besides the above forms of acid, there is an officinal preparation
called “Aromatic Sulphuric Acid,” made by digesting sulphuric acid,
rectified spirit, ginger, and cinnamon together. It contains 10-19 per
cent. of SO, alcohol, and principles extracted from cinnamon and
ginger.

§ 53. Sulphuric acid, in the free state, may not unfrequently be found
in nature. The senior author has had under éxamination an efluent
water from a Devonshire mine, which contained more than one grain
of free sulphuric acid per gallon, and was accused, with justice, of
destroying the fish in a river. It also exists in large quantities in
volcanic springs. In a torrent flowing from the volcano of Parcé, in
the Andes, Boussingault calculated that 15,000 tons of sulphuri¢ acid
and 11,000 tons of hydrochloric acid were yearly carried down. In the
animal and vegetable kingdom, sulphuric acid exists, as a rule, in
combination with bases, but there is an exception in the saliva of the
Dolium galea, a Sicilian mollusc.

§ 54. Statistics. —When something like 900,000 tons of sulphuric
acid are produced annually in England alone, and when it is considered
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There is a remarkable case related by Haagan,* in which an adult
man, in full possession of his faculties, neither paralysed nor helpless,
was murdered by sulphuric acid. The wife of a day-labourer gave her
husband drops of sulphuric acid on sugar, instead of his medicine, and
finally finished the work by administering a spoonful of the acid. The
spoon was carried well to the back of the throat, so that the man took
the acid at a gulp. 11 grms. (171 grains) of sulphuric acid, partly in
combination with soda and potash, were separated from his stomach.

Accidental poisoning i8 most common among children. The oily,
syrupy-looking sulphuric acid, when pure, may be mistaken for glycerine
or for syrup; and the dark commercial acid might, by a careless person,
be confounded with porter or any dark-looking medicine.

Serious and fatal mistakes have not unfrequently arisen from the use
of injections, Deutsch t relates how a midwife, in error, administered
to mother and child a sulphuric acid clyster ; but little of the fluid could
in either case have actually reached the rectum, for the mother recovered
in eight days, and in a little time the infant was also restored to health.
Sulphuric acid has caused death by injections into the vagina. H. C.
Lombard } observed a case of this kind, in which a woman, aged 30,
injected half a litre of sulphuric acid into the vagina, for the purpose of
procuring abortion. The result was not immediately fatal, but the sub-
sequent inflammation and its results so occluded the natural passage
that the birth became impossible, and a Casarean section extracted a
dead child, the mother also dying.

An army physician prescribed for a patient an emollient clyster.
Since it was late at night, and the apothecary in bed, he prepared it
himself ; but not finding linseed oil, woke the apothecary, who took a
bottle out of one of the recesses and placed it on the table. The bottle
contained sulphuric acid ; a soldier noticed a peculiar odour and effer-
vescence when the syringe was charged, but this was unheeded by the
doctor. The patient immediately after the operation suffered the most
acute agony, and died the following day ; before his death, the bed-
clothes were found corroded by the acid, and a portion of the bowel
itself came away. §

§ 56. Fatal Dose.—The amount necessary to kill an adult man is
not strictly known ; fatality so much depends on the concentration of
the acid and the condition of the person, more especially whether the
stomach is full or empty, that it will be impossible ever to arrive at an

* Gross: Dic Strafrechtspflege in Deutschland, 4, 1861, Heft i. 8. 181.

1 Preuss. Med. Vereins-Zeitung, 1848, No. 18.

1 Jowrn. de Chimn. Méd., tom. vii., 1831,

§ Maschka’s Handbuch, p. 86 ; Journal de Chimie Médicale, t. i. No. 8, 405,
1886.
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gradually penetrate towards the cauterised spot, the fluid in the bleb
becomes absorbed, and the destroyed tissues fall off in the form of a
crust.

The changes that sulphuric acid cause in blood are as follows: the
fibrin is at first coagulated and then dissolved, and the colouring matter
becomes of a black colour. These changes do not require the strongest
acid, being seen with an acid of 60 per cent.

§ 58. The action of the acid on various non-living matters is as
follows : poured on all vegetable earth, there is an effervescence, arising
from decomposition of carbonates ; any grass or vegetation growing on
the spot is blackened and dies; an analysis of the layer of earth, on
which the acid is poured, shows an excess of sulphates as compared with
a similar layer adjacent; the earth will only have an acid reaction if
there has been more than sufficient acid to neutralise all alkalies and
alkaline earths.

Wood almost immediately blackens, und the spot remains moist.

Spots on paper become quickly dark, and sometimes exhibit a play
of colours, such as reddish-brown; ultimately the spot becomes very
black, and holes may be formed; even when the acid is dilute, the
‘course is very similar, for the acid dries in, until it reaches a sufficient
degree of concentration to attack the tissue. Small drops of sulphuric
acid on a Brussels carpet, which had a red pattern on a dark green ground
with light green flowers, were found to act as follows : the spots on the
red at the end of a few hours were of a dark maroon colour, the green
was darkened, and the light green browned ; at the end of twenty-four
hours but little change had taken place, nor could any one have guessed
the cause of the spots without a close examination. Spots of the strong
acid on thin cotton fabrics rapidly blackened, and actual holes were
formed in the course of an hour; the main difference to the naked eye,
between the stains of the acid and those produced by a red-hot body,
lay in the moistness of the spots. Indeed, the great distinction,
without considering chemical evidence, between recent burns of clothing
by sulphuric acid and by heat, is that in the oue case—that of the
acid—the hole or spot is very moist ; in the other very dry. It is easy
to imagine that this distinetion may be of importance in a legal
investigation.

Spots of acid on clothing fall too often under the observation of all
those engaged in practical chemical work. However quickly a spot of
acid is wiped off, unless it is immediately neutralised by ammonia, it
ultimately makes a hole in the cloth ; the spot, as a rule, whatever the
colour of the cloth, is of a blotting-paper red.

Sulphuric acid dropped on iron, attacks it, forming a sulphate, which
may be dissolved out by water. If the iron. is exposed to the weather
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The inflammatory processes in the skin are similar to those noticed by
Falck and Vietor in their experiments, already detailed (p. 85).

Internal Effects of Acids generally.—It may not be out of place,
before speaking of the internal effects of sulphuric acid, to make a few
remarks upon the action of acids generally. This action differs accord-
ing to the kind of animal; at all events, there is a great difference
between the action of acids on the herb-eating animals and the carnivora ;
the latter bear large doses of acids well, the former ill. For instance,
the rabbit, if given a dose of any acid not sufficient to produce local
effects, but sufficient to affect its functions, will soon become paralysed
and lie in a state of stupor, as if dead ; the same dose per kilo. will not
affect the dog. The reason for this is that the blood of the dog is able
to neutralise the acid by ammonia, and that the blood of the rabbit is
destitute of this property. Man is, in this respect, nearer to the dog
than to the plant-eaters. Stadelmann has shown that a man is able to
ingest large relative doses of oxybutyric acid, to neutralise the acid by
ammonia, and to excrete it by means of the kidneys as ammonium
butyrate.

Acids, however, if given in doses too great to be neutralised, alike
affect plant- and flesh-eaters ; death follows in all cases before the blood
becomes acid. Salkowski * has, indeed, shown that the effect of lessen-
ing the alkalinity of the blood by giving a rabbit food from which it
can extract no alkali produces a similar effect to the actual dosing with
an acid.

2. Internal Effects of Sulphuric Acid.—When sulphuric acid is
taken internally, the acute and immediate symptom is pain. This,
however, is not constant, since, in a few recorded cases, no complaint of
pain has been made ; but these cases are exceptional; as a rule, there
will be immediate and great suffering. The tongue swells, the throat
is also swollen and inflamed, swallowing of saliva even may be im-
possible. If the acid has been in contact with the epiglottis and vocal
apparatus, there may be spasmodic croup and even fatal spasm of the
glottis.

The acid, in its passage down the gullet, attacks energetically the
mucous membrane and also the lining of the stomach ; but the action
does not stop there, for Lesser found in eighteen out of twenty-six cases
(69 per cent.) that the corrosive action extended as far as the duodenum.
There is excessive vomiting and retching ; the matters vomited are acid,
bloody, and slimy ; great pieces of mucous membrane may be in this
way expelled, and the whole of the lining membrane of the gullet may
be thrown up entire. The bowels are, as a rule, constipated, but
exceptionally there has been diarrheea ; the urine is sometimes retained ;

* Virchow’s drchiv, lviii. 1.
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§ 61. Post-mortem Appearances.* —The general pathological ap-
pearances to be found in the stomach and internal organs differ
according as the death is rapid or slow; if the death takes place
within twenty-four hours, the effects are fairly uniform, the differences
being only in degree; while, on the other hand, in those cases which
terminate fatally from the more remote effects of the acid, there is some
variety. It may be well to select two actual cases as types, the one
patient dying from acute poisoning, the other surviving for a time, and
then dying from ulceration and contraction of the digestive tract.

A hatter, early in the morning, swallowed a large mouthful of
strong sulphuric acid, a preparation which he used in his work—
(whether the draught was taken accidentally or suicidally was never
known). He died within two hours. The whole tongue was sphace-
lated, parts of the mucous membrane being dissolved ; the inner surface
of the gullet, as well as the whole throat, was of a grey-black colour;
the mucous membrane of the stomach was coal-black, and so softened
that it gave way like blotting-paper under the forceps, the contents
escaping into the cavity of the abdomen. The peritoneum was also
blackened as if burnt; probably there had been perforation of the
stomach during life; the mucous membrane of the duodenum was
swollen, hardened, and looked as if it had been boiled; while the
blood was of a cherry-red colour, and of the consistence of a thin syrup.
The rest of the organs were healthy; a chemical research on the fluid
which had been collected from the stomach, gullet, and duodenum
showed that it contained 8726 grains of free sulphuric acid.t

This is, perbaps, the most extreme case of destruction on record ;
the cause of the unusually violent action is referable to the acid acting
on an empty stomach. It is important to note that even with this
extensive destruction of the stomach, life was prolonged for two hours.

The case selected to serve as a type of a chronic but fatal illness
produced from poisoning by sulphuric acid is one related by Oscar
Wyss. A cook, 34 years of age, who had suffered many ailments,
drank, on the 6th of November 1867, by mistake, at 8 o’clock
in the morning, two mouthfuls of a mixture of 1 part of sul-
phuric acid and 4 of water. Pain in the stomach and neck, and
vomiting of black masses, were the immediate symptoms, and two
hours later he was admitted into the hospital in a state of collapse,
with cold extremities, cyanosis of the face, etc. Copious draughts of
milk were given, and the patient vomited much, the vomit still con-

* It has been observed that putrefaction in cases of death from sulphuric acid is
slow. Casper suggests this may be due to the neutralisation of ammonia; more
probably it is owing to the antiseptic properties all mineral acids possess.

t Casper, vol. ii. case 194,
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In St. Bartholomew’s Museum, No. 1942, is an example of excessive destruction
of the stomach by sulphuric acid. The stomach is much contracted, and has a large
aperture with ragged edges; the mucous membrane is thickened, charred, and
blackened.

No. 1941, in the same museum, is the stomach of a person who died from a large
dose of sulphuric acid. When recent, it is described as of a deep red colour, mottled
with black ; appearances which, from long soaking in spirit, are not true at the
present time ; but the rough, shaggy state of the mucous tissue can be traced ; the
gullet and the pylorus appear the least affected.

St. George’s Hospital, ser. ix. 146, 11 and 43, e.—The pharynx and esophagus of
a man who was brought into the hospital in a state of collapse, after a large but
unknown dose of sulphuric acid. The lips were much eroded, the mucous membrane
of the stomach, pharynx, and cesophagus show an extraordinary shreddy condition ;
the lining membrane of the stomach is much charred, and the action has extended to
the duodenum ; the muscular coat is not atfected.

Guy’s Hospital, No. 1799.—A preparation showing the mucous membrane of the
stomach entirely denuded. The organ looks like a piece of thin paper.

No. 1799%®. The stomach of a woman who poisoned herself by drinking a wine-
glassful of acid before breakfast. She lived eleven days. The main symptoms were
vomiting and purging, but there was no complaint of pain. There is extensive
destruction of mucous membrane along the lesser curvature and towards the pyloric
extremity ; a portion of the mucous membrane is floating as a slough.

No. 1799% is the gullet and stomach of a man who took about 3 drachms of
the strong acid. He lived three days without much apparent suffering, and died
unexpectedly. The lining membrane of the esophagus has the longitudinal wrinkles
or furrows so often, nay, almost constantly, met with in poisoning by the acids. The
mucous tissue of the stomach is raised in cloudy ridges, and blackened.

No. 1799% is a wonderfully entire cast of the gullet from a woman who swal-
lowed an ounce of sulphuric acid, and is said, according to the catalogue, to have
recovered.

University College.—In this museum will be found an exquisite preparation of the
cffects of sulphuric acid. The mucous membrane of the cesophagus is divided into
small quadrilateral areas by longitudinal and transverse furrows : the stomach is very
brown and covered with shreddy and filamentous tissue ; the brown colour is without
doubt the remains of extravasated and charred blood.

No. 6201 is a wax cast representing the stomach of a woman who died after taking
a large dose of sulphuric acid. A yellow mass was found in the stomach ; there are
two perforations, and the mucous membrane is entirely destroyed.

§ 63. Chronic Poisoning by Sulphuric Acid.—Weiske * has experi-
mentally proved that lambs, given for six months small doses of sulphuric
acid, grow thin, and their bones, with the exception of the bones of the
head and the long bones, are poor in lime salts, the muscles also are
poor in the same constituents. Kobert t thinks that drunkards on the
Continent addicted to ¢ Schnaps,” commonly a liquid acidified with sul-
phuric acid to give it a sharp taste, often show typical chronic sulphuric
acid poisoning.

* H. Weiske, Journ. f. Landwirthsch., 1887, 417.
+ Lchrbuch der Intoxicationem, 8. 210.
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the bottom of the vessel, and the supernatant fluid can be decanted clear ;
the precipitate is washed by decantation, and ultimately collected on a
filter, dried, removed from the filter and burnt up in the usual way.

The sulphate of baryta found, multiplied by ‘3434, equals the
sulphuric anhydride.

The older process was to dissolve the free sulphuric acid out by alcohol.
As is well known, mineral sulphates are insoluble in, and are precipitated
by, alcohol, whereas sulphuric acid enters into solution. The most valid
objection, as a quantitative process, to the use of alcohol, is the tendency
which all miueral acids have to unite with alcohol in organic combination,
and thus, as it were, to disappear; and, indeed, results are found, by
experiment, to be below the truth when alcohol is used. This objection
does not hold good if either merely qualitative evidence, or a fairly
approximate quantation, is required. In such a case, the vomited matters,
the contents of the stomach, or a watery extract of the tissues, are evapo-
rated to a syrup, and then extracted with strong alcohol and filtered ; a
little phenolphthalein solution is added, and the acid alcohol exactly
neutralised by an alcoholic solution of clear decinormal or normal soda.
According to the acidity of the liquid, the amount used of the decinormal
or normal soda is noted, and then the whole evaporated to dryness, and
finally heated to gentle redness. The alkaline sulphate is next dissolved
in very dilute hydrochloric acid, and the solution precipitated by chloride
of barium in the usual way. The quantitative results, although low, -
would, in the great majority of cases, answer the purpose sufficiently.

A test usually enumerated, Hilger’s test for mineral acid, may be
mentioned. A liquid, which contains a very minute quantity of mineral
acid, becomes of a blue colour (or, if 1 per cent. or above, of a green) on
the addition of a solution of methyl aniline violet ; but this test, although
useful in examining vinegars (see ‘“Foods”), is not of much value in
toxicology, and the quinine method for this purpose meets every conceiv-
able case, both for qualitative and quantitative purposes.

§65. The Urine.—Although an excess of sulphates is found constantly
in the urine of persons who have taken large doses of sulphuric acid, the
latter has never been found in that liquid in a free state, so that it will
be useless to search for free acid. It is, therefore, only necessary to add
HC], to filter the fluid, and precipitate direct with an excess of chloride
of barium. It is better to operate in this manner than to burn the urine
to an ash, for in the latter case part of the sulphates, in the presence of
phosphates, are decomposed, and, on the other hand, any organic sulphur
combinations are liable to be estimated as sulphates.

It may also be well to pass chlorine gas through the same urine which
has been treated with chloride of barium, and from which the sulphate
has been filtered off. The result of this treatment will be a second
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end of the second or third day, but in one it continued for more than
twenty days. Bamberger* has observed an increased albuminuria,
with separation of the colouring matter of the blood. In this case it
was ascribed to the action of the acid on the blood.

§ 66. The Blood.—In Casper’s case, No. 193, the vena cava of a
child, who died within an hour after swallowing a large dose of
sulphuric acid, was filled with a cherry-red, strongly acid-reacting blood.
Again, Casper’s case, No. 200, is that of a young woman, aged 19, who
died from a poisonous dose of sulphuric acid. At the autopsy, four
days after death, the following peculiarities of the blood were thus
noted :—‘“The blood had an acid reaction, was dark, and had (as is
usual in these cases) a syrupy consistence, while the blood corpuscles
were quite unchanged. The blood was treated with an excess of
abeolute alcohol, filtered, the filtrate concentrated on a water-bath, the
residue exhausted with absolute alcohol, etc. It yielded a small
quantity of sulphuric acid.”

Other similar cases might be noted, but it must not for a moment
be supposed that the mass of the blood contains any free sulphuric acid
during life. The acidity of the blood in the vena cava may be ascribed
to post-mortem endosmosis, the acid passing through the walls of the
stomach into the large vessel.

§ 67. Sulphates.—If the acid swallowed should have been entirely
neutralised by antidotes, such as chalk, etc., it becomes of the first
importance to ascertain, as far as possible, by means of a microscopical
examination, the nature of the food remaining in the stomach, and then
to calculate the probable contents in sulphates of the food thus known
to be eaten. It will be found that, with ordinary food, and under
ordinary circumstances, only small percentages of combined sulphuric
acid can be present.

As an example, take the ordinary rations of the soldier, viz. :—12 oz.
of meat, 24 oz. of bread, 16 oz. of potatoes, 8 oz. of other vegetables;
with sugar, salt, tea, coffee, and water. Now, if the whole quantity of
these substances were eaten at a meal, they would not contain more
than from 8 to 10 grains (6 to 6 grm.) of anhydrous sulphuric acid,
in the form of sulphates.

So far as the contents of the stomach are concerned, we have only
to do with sulphates introduced in the food, but when once the food
passes further along the intestinal canal, circumstances are altered, for
we have sulphur-holding secretions, which, with ordinary chemical
methods, yield sulphuric acid. Thus, even in the newly-born infant,
according to the analyses of Zweifler, the mineral constituents of
meconium are especially sulphate of lime, with a smaller quantity of

* Wien. Med.-Halle, 1864, Nro. 29, 30.
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plying the decimal figures of the specific gravity by 200. For example,
an acid of 1-20 gravity would by this rule contain 40 per cent. of real
acid, for 20 x 200 = 40.

The commercial acid is nearly always a little yellow, from the
presence of iron derived from metallic retorts, and may contain small
quantities of chloride of arsenic,* derived from the sulphuric acid ; but
the colourless hydrochloric acid specially made for laboratory and
medicinal use is nearly always pure. .

The uses of the liquid acid are mainly in the production of chlorine,
as a solvent for metals, and for medicinal and chemical purposes. Its
properties are briefly as follows :—

It is a colourless or faintly-yellow acid liquid, the absence or other-
wise of colour depeunding on its purity, and especially its freedom from
iron. The liquid is votatile, and can be separated from fixed matters
and the less volatile acids by distillation ; it has a strong attraction for
water, and fumes when exposed to the air, from becoming saturated
with aqueous vapour. If exposed to the vapour of ammonia, extremely
dense clouds arise, due to the formation of the solid ammonium chloride.
The acid, boiled with a small quantity of manganese binoxide, evolves
chlorine. Dioxide of lead has a similar action; the chlorine may be
detected by its bleaching action on a piece of paper dipped in indigo
blue; a little zinc foil immersed in the acid disengages hydrogen.
These two tests—viz,, the production of chlorine by the one, and the
production of hydrogen by the other—separate and reveal the con-
stituent parts of the acid. Hydrochloric acid, in common with
chlorides, gives a dense precipitate with silver nitrate. The precipitate
is insoluble in nitric acid, but soluble in ammonia ; it melts without
decomposition. Exposed to the light, it becomes of a purple or blackish
colour, Every 100 parts of silver chloride are equal to 2543 of hydro-
chloric acid, HCl, and to 63-5 parts of the liquid acid of specific gravity
1-20.

The properties of pure hydrochloric acid gas are as follows :—Specific
gravity 1'262, consisting of equal volumes of hydrogen and chlorine,
united without condensation. 100 cubic inches must therefore have a
weight of 39:36 grains. The gas was liquefied by Faraday by means of
a pressure of 40 atmospheres at 10°; it was colourless, and had a smaller
refractive index than water.

Water absorbs the gas with avidity, 100 volumes of water absorbing

* Some samples of hydrochloric acid have been found to contain as much as 4 per
cent. of chloride of arsenic, but this is very unusual. Glenard found as a mean 25
grammes, As, Oy per kilogramme ; but since the mass poisoning by arsenical beer
derived from glucose made by impure sulphuric acid, English manufacturers have

succeeded in putting on the market ordinary sulphuric and hydrochloric acids almost
arsenic-free.
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satisfy the bases present ; and he propounded the view that the gastric
juice does not contain absolutely free hydrochloric acid, but that it is in
loose combination with the pepsin.

The amount of acid in the stomach varies from moment to
moment, and therefore it is not possible to say what the average
acidity of gastric juice is. It has been shown that in the total
absence of free hydrochloric acid digestion may take place, because
hydrochloric acid forms a compound with pepsin which acts as a
solvent on the food. The amount of physiologically active acid varies
with the food taken; it is smallest when carbohydrates are con-
sumed, greatest with meat. The maximum amount that Jaksch found
in his researches, when meat was ingested, was ‘09 per cent. of hydro-
chloric acid. It is probable that anything above 0-2 per cent. of
hydrochloric acid is either abnormal or owing to the recent ingestion
of hydrochloric acid.

§ 72. Influence of Hydrochloric Acid on Vegetation.—Hydrochloric
acid fumes, if emitted from works on a large scale, injure vegetation
much. In former years, before any legal obligations were placed
upon manufacturers for the condensing of the volatile products, the
nuisance from this cause was great. In 1823, the duty on salt
being repealed by the Government, an extraordinary impetus was
given to the manufacture of hydrochloric acid, and since all the
volatile products at that time escaped through short chimueys into
the air, a considerable area of land round the works was rendered
quite unfit for growing plants. The present law on the subject is,
that the maximum quantity of acid escaping shall not exceed 2
grains per cubic foot of the air, smoke, or chimney gases; and,
according to the reports of the alkali inspectors, the condensation by
the improved appliances is well within the Act, and about as perfect
as can be devised.

It appears from the reports of the Belgian Commission in 1855, when
virtually no precautions were taken, that the gases are liable to injure
vegetation to the extent of 2000 metres (2187 yards) around any active
works ; the more watery vapour the air contains, the quicker is the gas
precipitated and carried to the earth. If the action of the vapour is
considerable, the leaves of plants dry and wither; the chlorophyll be-
comes modified, and no longer gives the normal spectrum, while a
thickening of the rind of trees has also been noticed. The cereals suffer
much ; they increase in stalk, but produce little grain. The legumi-
noss® become spotted, and have an air of dryness and want of vigour;
while the potato, among plants utilised for food, appears to have the
strongest resistance. Vines are very sensitive to the gas. Among trees,
the alder seems most sensitive; then come fruit-trees, and last, the






102 POISONS : THEIR EFFECTS AND DETECTION. (§ 7s.

eyes were coated with a thick slime, and both cornea were opalescent ;
there was strong rigidity of the body. The pia mater covering the brain
was everywhere hypersemic, and at the hinder border of both hemi-
spheres appeared a small clot, surrounded by a thin layer of bloody fluid.
The plex. venos. spin. was filled with coagulated blood, and there was also
a thin extravasation of blood covering the medulla and pons. The lungs
were mottled bright brown-red ; the middle lobe of the right lung was
dark brown, solid, and sank in water; the lower lobe of the same lung
and the upper lobe of the left lung were nearly in a similar condition,
but the edges were of a bright red. The parenchyma in the darker places
on section did not crepitate. On the cut surface was a little dark fluid,
weakly-acid blood ; the tracheal mucous membrane was injected. The
heart was filled with thick coagulated blood ; the liver was congested, of
a reddish-brown colour, and rich in dark, fluid blood: in the vena cava
inferior was coagulated blood. The kidneys were not hyperzmic ; the
intestines were superficially congested.

There can be little doubt that the symptoms during life, and the
appearances after death, in this case are perfectly consistent with the
following view :—The vapour acts first as a direct irritant, and is capable
of exciting inflammation in the lung and bronchial tissues; but besides
this, there is a secondary effect, only occurring when the gas is in sufficient
quantity, and the action sufficiently prolonged —viz., a direct coagulation
of the blood in certain points of the living vessels of the lungs. The
consequence of this, is a more or less gencral backward engorgement, the
right side of the heart becomes distended with blood, and the ultimate
cause of death is partly mechanical. The hyperemia of the brain mem-
branes, and even the heemorrhages, are quite consistent with this view,
and occur in cases where the obstruction to the circulation is of a coarser
and more obvious character, and can therefore be better appreciated.

§ 75. Effects of the Liquid Acid.—There is one distinction between
poisoning by hydrochloric and the other mineral acids—namely, the
absence of corrosion of the skin. Ad. Lesser * has established, by direct
experiment, that it is not possible to make any permanent mark on the
gkin by the application even of the strongest commercial acid (40 per
cent.). Hence, in any case of suspected poisoning by acid, should there
be stains on the lips and face as from an acid, the presumption will be
rather against hydrochloric. The symptoms themselves differ very little
from those produced by sulphuric acid. The pathological appearances
also are not essentially different, but hydrochloric is a weaker acid, and
the extensive disorganisation, solution, and perforation of the viscera,
noticed occasionally with sulphuric acid, have never been found in hydro-
chloric acid poisoning. We may quote here the following case :—

* Virchow’s Archiv f. path. Anat., Bd. xxxiii. Hft. 2, 8. 215, 1881.
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(No. 2386¢.) of an infant 13 months old; the infant drank a teacupful
of strong hydrochloric acid, and died nine hours after the dose. The
pharynx and the upper end of the gullet is quite normal, the corrosive
action commencing at the lower end, so that, although the acid was con-
centrated, not the slightest effect was produced on the delicate mucous
membrane of the throat and upper part of the gullet. The lower end of
the gullet and the whole of the stomach were intensely congested ; the
ruga of the latter were ecchymosed and blackened by the action of
the acid. There were also small h&emorrhages in the lungs, which were
ascribed to the action of the acid on the blood. Perforation of the
stomach has not been noticed in hydrochloric acid poisoning.

In Guy’s Hospital museum (prep. 17991?), the stomach and duodenum
of the case mentioned exhibit the mucous membrane considerably
injected, with extravasations of blood, which, at the time when the
preparation was first arranged, were of various hues, but are now some-
what altered, through long keeping in spirit. In 8t. George’s Hospital
museum (ser. x. 43, d. 200) are preserved the stomach and part of the
duodenum of a person who died from hydrochloric acid. The case is
detailed in the Medical T'tmes and Gazette for 1853, vol. ii. p. 513. The
whole inner surface appears to be in a sloughing state, and the larynx
and lung were also inflamed. In St. Bartholomew’s Hospital museum
(1946, f. 1899) is preserved the cesophagus and stomach of an infant
aged 1 year who died from hydrochloric acid poisoning. The mucous
membrane of the gullet is white and shrivelled, that of the stomach
covered with large patches of a dark brown colour which represent
altered blood. The effect ceases at the pylorus.

A preparation, presented by Mr. Bowman to King’s College Hospital
museum, exhibits the effects of a very large dose of hydrochloric acid.
The gullet has a shrivelled and worm-eaten appearance ; the stomach is
injected with black blood, and was filled with an acid, grumous matter.*

Looking at these and other museum preparations illustrating the
effects of sulphuric and hydrochloric acids, it is difficult (in default of
the history of the cases) to distinguish between the two, by the naked-
eye appearances, save in those cases in which the disorganisation was so
excessive a8 to render hydrochloric acid improbable. On the other hand,
the changes produced by nitric acid are so distinctive, that it is im-
possible to mistake its action for that of any other acid. The nitric
acid pathological preparations may be picked out at a glance.

* A drawing of parts of the gullet and stomach is given in Guy and Ferrier’s
Forensic Medicine.
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then 10 c.c. of a saturated solution of potassic permanganate, and heated
gently, conveying the gases into 3 to b c.c. of the reagent contained in
a test tube immersed in water. If, however, bromine or iodine (one or
both) should be present, the process is modified as follows:—The
hydracids are precipitated by silver nitrate; the precipitate is washed,
transferred to a small flask, and treated with 10 c.c. of water and 1 c.c.
of pure ammonia. With this strength of ammonia the chloride of silver
is dissolved easily, the iodide not at all, and the bromide but slightly.
The ammoniacal solution is filtered, boiled, and treated with SH,; the
excess of SH, is expelled by boiling, the liquid filtered, reduced to 10
c.c. by boiling or evaporation, sulphuric acid and permanganate added
as before, and the gases passed into the aniline. The process is
inapplicable to the detection of chlorides or hydrochloric acid if
cyanides are present, and it is more adapted for traces of hydrochloric
acid than for the quantities likely to be met with in a toxicological
inquiry.

(2) Quantitative estimation of Free Hydrochloric Acid.—The
contents of the stomach are diluted to a known volume, say 250 or 500
c.c. A fractional portion is taken, say 10 c.c., coloured with litmus or
phenolphthalein, and a decinormal solution of soda added drop by drop
until the colour changes; this gives total acidity. Another 10 c.c. is
shaken with double its volume of ether three times, the fluid separated
from ether and titrated in the same way ; this last titration will give the
acidity due to mineral acids and acid salts;* if the only mineral acid
present is hydrochloric acid the results will be near the truth if reckoned
as such, and this method, although not exact for physiological research,
is usually sufficient for the purpose of ascertaining the amount of
hydrochloric acid or other mineral acids in a case of poisoning. It
depends on the fact that ether extracts free organic acids, such as
butyric and lactic acids, but does not extract mineral acids.

The free mineral acid, after extracting the organic acid by ether, can
also be saturated with cinchonine ; this hydrochlorate of cinchonine is
extracted by chloroform, evaporated to dryness, and the residue dissolved
in water acidified by nitric acid and precipitated by silver nitrate; the
silver chloride produced is collected on a small filter, washed, and the

* To distinguish between acidity due to free acid and acid salts, or to acidity due
to the combined action of acid salts and free acids, the method of Leo and Uffelmann
is useful. A fractional portion of the contents of the stomach is triturated with pure
calcium carbonate ; if all the acidity is due to free acid, the fluid in a short time
becomes neutral to litmus; if, on the other hand, the acidity is due entirely to acid
salts, the fluid remains acid ; or, if due to both acid and acid salts, there is a propor-
tionate diminution of acidity due to the decomposition of the lime carbonate by the
free acid. A quantitative method has been devised upon these principles. See Leo,
Diagnostik der Krankheiten der Verdauungsorgane, Hirschwald, Berlin, 1890.
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§ 78. In investigating the stains from hydrochloric acid on fabrics, or
the leaves of plants, any free hydrochloric acid may be separated by
boiling with water, and then investigating the aqueous extract. Should,
however, the stain be old, all free acid may have disappeared, and yet
some of the chlorine remain in organic combination with the tissue, or in
combination with bases. Dr. Angus Smith has found weighed portions
of leaves, etc., which had been exposed to the action of hydrochloric
acid fumes, richer in chlorides than similar parts of the plants not thus
exposed. :

The most accurate method of investigation for the purpose of separat-
ing chlorine from combination with organic matters is to cut out the
stained portions, weigh them, and burn them up in a combustion tube,
the front portion of the tube being filled with caustic lime known to be
free from chlorides; a similar ecxperiment must be made with the
unstained portions. In this way a considerable difference may often be
found ; and it is not impossible, in some instances, to thus detect, after
the lapse of many years, that certain stains have been produced by a
chlorine-holding substance.

III.—Nitric Acid.

§79. General Properties.—Nitric acid—commonly known in England
as aqua fortis, chemically as nitric acid, hydric nitrate, or nitric mono-
hydrate—is a mono-hydrate of nitrogen pentoxide (N,O;), two equi-
valents, or 126 parts, of nitric acid containing 108 of N,O,, and 18 of
H,0. Anhydrous nitric acid, or nitrogen pentoxide, can be obtained by
passing, with special precautions, dry chlorine over silver nitrate; the
products are free oxygen and nitrogen pentoxide, according to the fol-
lowing equation :—

Silver Nitrate. Chlorine. Silver Chloride. Nitrogen Pentoxide. Oxygen.
AgONO, + 201 = 2Ag01 + N0, + O

By surrounding the receiver with a freezing mixture, the acid is con-
densed in crystals, which dissolve in water, with emission of much heat,
forming nitric acid. Sometimes the crystals, though kept in sealed tubes,
decompose, and the tube, from the pressure of the liberated gases, bursts
with a dangerous explosion.

Pure nitric acid has a specific gravity of 1:52, and boils at 98°. Dr.
Ure examined the boiling point and other properties of nitric acid very
fully. An acid of 1'5 specific gravity boils at 98-8° ; of specific gravity
145, at 115°5°; specific gravity 1'40, at 118-8°; of specific gravity 1°42,
at 122:8°, 123°~124°. The acid of specific gravity 142 is the standard
acid of the British Pharmacopeeia. It can always be obtained by
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so far as to say that it is possible for a few drops of the strong acid
to be fatal, for if brought into contact with the vocal apparatus, fatal
spasm of the glottis might be excited. The smallest dose on record is
7-7 grms. (2 drachms), which killed a child aged 13.

§ 83. Action of Nitric Acid on Vegetation.—Nitric acid acts on
plants injuriously in a twofold manner—viz., by direot corrosive action,
and also by decomposing the chlorides which all plants contain, thus
setting free chlorine, which decomposes and bleaches the chlorophyll.
The action is most intense on soft and delicate leaves, such as those of
clover, the cabbage, and all the crucifers. The tobacco plant is particu-
larly injured by nitric acid. Next to all herbaceous plants, trees, such
as the apple, pear, and other fruit trees, generally suffer. The coniferz,
whether from their impregnation with resin, or from some other cause,
possess a considerable resisting-power against nitric acid vapours, and
the same is true as regards the cereals; in the latter case, their siliceous
armour acts as a preserving agent,

§ 84. Nitric Acid Vapour.—The action of nitric acid in a state of
vapour, as evolved by warming potassic nitrate and sulphuric acid
together, has been studied by Eulenberg. A rabbit was placed under a
shade into which 63 grammes of nitric acid in a state of vapour were in-
troduced. From the conditions of the experiment, some nitric peroxide
must also have been present. Irritation of the external mucous mem-
branes and embarrassment in breathing were observed. The animal in
forty-five minutes was removed, and suffered afterwards from a croupous
bronchitis, from which, however, it completely recovered in eleven days.
A second experiment with the same animal was followed by death. On
inspection, there was found strong injection of the cerebral membranes,
with small extravasations of blood; the lungs were excessively con-
gested ; the right middle lobe especially was of a liver-brown colour, and
empty of air: it sank in water.

O. Lassar * has also made a series of researches on the influence of
nitric acid vapour, from which he concludes that the acid is not absorbed
by the blood, but acts only by its mechanical irritation, for he could not
trace, by means of an examination of the urine, any evidence of such
absorption.

There are a few instances on record of the vapour having been fatal
to men ; for example, the well-known case of Mr. Haywood, a chemist of
Sheffield, may be cited. In pouring a mixture of nitric and sulphuric
acids from a carboy of sixty pounds capacity, the vessel broke, and for
a few minutes he inhaled the mixed fumes. He died eleven hours after
the accident, although for the first three hours there were scarcely any
symptoms of an injurious effect having been produced. On inspection,

* Hoppe-Seyler’s Zeitschrift f. physiol. Chemie, Bd. i. 8. 165-173, 1877-78.
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perfect cast of the gullet (preserved in University College museum),
and rapidly died. Nitric acid has been mistaken for various liquids,
and has also been used by injection as an abortive, in every
respect having a toxicological history similar to that of sulphuric
acid.

§ 86. Local Action.—When strong nitric acid comes in contact with
organic matters, there is almost constantly a development of gas. The
tissue is first bleached, and then becomes of a more or less intense
yellow colour. Nitric acid spots on the skin are not removed by
ammonia, but become of an orange-red when moistened with potash
and a solution of cyanide of potassium. The yellow colour seems to
show that picric acid is one of the constant products of the reaction ;
sulphide of ammonium forms a sort of soap with the epidermis thus
attacked, and detaches it.

§ 87. S8ymptoms.—The symptoms and course of nitric acid poison-
ing differ in a few details only from those of sulphuric acid. There
is the same instant pain and frequent vomiting, destruction of the
mucous membranes, and, in the less severe cases, after-contraction of
the gullet, ete.

One of the differences in the action of nitric and sulphuric acids is
the constant development of gas with the former. This, without doubt,
adds to the suffering. Tartra made several experiments on dead
bodies, and showed that very considerable distension of the intestinal
canal, by gaseous products, was the constant result; the tissues were
corroded and almost dissolved, being transformed, ultimately, into a
sort of greasy paste. The vomited matters are of a yellow colour,
unless mixed with blood, when they are of a dirty brown hue, with
shreds of yellow mucus, and have the strong acid reaction and smell
of nitric acid. The teeth may be partially attacked from the solvent
action of the acid on the enamel. The fauces and tongue, at first
blanched, soon acquire a citron-yellow, or even a brown colour; the
whole cavity may swell and inflame, rendering the swallowing of liquids
difficult, painful, and sometimes ‘impossible. The air-passages may
also become affected, and in one case tracheotomy was performed
for the relief of the breathing.* The stomach rejects all remedies;
there are symptoms of collapse; quick, weak pulse, frequent shivering,
obstinate constipation, and death (often preceded by a kind of stupor)
in from eighteen to twenty-four hours. The intellectual faculties
remain clear, save in a few rare instances.

C. A. Wunderlich has recorded an unusual case, in which the
symptoms were those of dysentery, and the large intestine was found
acutely inflamed, while the small one was little affected. The kidneys

* Arnott, Med. Gaz., vol, xii. p. 220.
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chloride in hydrochloric acid. The flask is connected to the mercury
pump (see fig. p. 50), and made perfectly vacuous by raising and
lowering the reservoir. When this is effected, the tube is adjusted so
as to deliver any gas evolved into a eudiometer, or other gas-measuring
apparatus. By a suitable movement of the flask, the acid ferrous
chloride is allowed to come in contact with the tissue, a gentle heat
applied to the flask, and gases are evolved. These may be carbon
dioxide, nitrogen, and nitric oxide. On the evolution of gas ceasing,
the carbon dioxide is absorbed by passing up under the mercury a
little caustic potash. When absorption is complete, the gas, consisting
of nitrogen and nitric oxide, may be measured. The nitric oxide may
now be absorbed by a strong solution of sodic metasulphite, and from
the contraction the nitric oxide determined.

It is also obvious that, by treating nitric oxide with oxygen, and
absorbing the nitric peroxide present by an alkaline liquid of known
strength and free from nitrates or ammonia, the resulting solution may
be dealt with by a zinc copper couple, and the ammonia developed by
the action of the couple directly estimated by titration by a decinormal
hydrochloric acid, if large in quantity, or by ‘mnesslerising,” if small
in quantity.

IV.—Acetic Acid.

§ 90. In the ten years ending 1903, 21 deaths (10 males and 11 females) occurred
in England and Wales from drinking, by mistake or design, strong acetic acid.

A few cases only have been recorded in medical literature, although there have
been many experiments on animals,

The symptoms in the human subject consist of pain, vomiting, and convulsions.

In animals it causes colic, paralysis of the extremities, bloody urine, and cedema
of the lungs. The lethal dose for plant-eating animals is about 0°49 gramme per kilo.

There should be no difficulty in recognising acetic acid ; the odour alone is, in
most cases, strong and unmistakable. Traces are detected by distilling, neutralising
the distillate by soda, evaporating to dryness, and treating the residue as follows :—
A portion warmed with alcohol and sulphuric acid gives a smell of acetic ether.
Another portion is heated in a small tube of hard gluss with arsenious acid ; if
acetic acid is present, or an acetate, a smell of kakodyl is produced.

V.—Ammonia.

§ 91. Ammonia, (NHy), is met with either as a vapour or gas, or as
a solution of the pure gas in water.

Properties. — Pure ammonia gas is colourless, with a strong,
irritating, pungent odour, forming white fumes of ammonic chloride,
if exposed to hydric chloride vapour, and turning moist red litmus-paper
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aromatic spirit of ammonia. It is made by distilling in a particular way
ammonic carbonate, 4 ozs. ; strong solution of ammonia, 8 ozs. ; rectified
spirit, 120 ozs. ; water, 60 ozs. ; volatile oil of nutmeg, 4} drms. ; and oil
of lemon, 6} drms. Aromatic spirit of ammonia is a solution in a weak
spirit of neutral carbonate, flavoured with oil of lemon and nutmeg ; the
specific gravity should be 0-896.

Smelling salts (sal volatile) are composed of carbonate of ammonia.

§ 93. Statistics. —Falck has found throughout literature notices of
thirty cases of poisoning by ammonia, or some of its preparations. In
two of these it was used as a poison for the purpose of murder, and in
eight with suicidal intent ; the remainder were all accidental. The two
criminal cases were those of children, who both died. Six out of eight
of the suicidal and twelve of the twenty accidental cases also terminated
fatally.

Ammonin was the cause of 123 deaths (60 male, 63 female) by
accident, and of 93 (39 male, 54 female) by suicide, making a total of
186 during the ten years ending 1903 in England and Wales.

§ 94. Poisoning by Ammonia Vapour.—Strong ammoniacal vapour
is fatal to both animal and vegetable life. There are, however, but few
instances of poisoning by ammonia vapour ; these few cases have been,
without exception, the result of accident. Two cases of death are re-
corded, due to aun attempt to rouse epileptics from stupor, by an
injudicious use of strong ammonia applied to the nostrils. In another
case, when hydrocyanic acid had been taken, there was the same result.
An instance is also on record of poisonous effects from the breaking of a
bottle of ammonia, and the sudden evolution in this way of an enormous
volume of the caustic gas. Lastly, a man employed in the manufacture
of ice, by means of the liquefaction of ammonia (Carr¢’s process), breathed
the vapour, and had a narrow escape for his life.

§ 95. Symptoms.—The symptoms observed in the last case may well
serve as a type of what may be expected to occur after breathing
ammonia vapour. The man remained from five to ten minutes in the
streain of gas; he then experienced a feeling of anxiety, and a sense of
constriction in the epigastrium, burning in the throat, and giddiness. He
vomited. The pulse was small and frequent, the face pale, the mouth
and throat strongly reddened with increased secretion. Auscultation
and percussion of the chest elicited nothing abnormal, although during
the course of four days he had from time to time symptoms of suffocation,
which were relieved by emetics. He recovered by the eighth day.*

In experiments on animals, very similar symptoms are produced.
There is increased secretion of the eyes, nose, and mouth, with redness.
The cry of cats becomes remarkably hoarse, and they generally vomit.

* Schmidt’s Jakrbuch, 1872, i. S. 30.
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The albumen of the blood is changed to alkali-albuminate, and the
blood itself will not coagulate. A more or less fluid condition of the
blood has always been noticed in the bodies of those poisoned by
ammonia.

Blood exposed to ammonia, when viewed by the spectroscope, shows
the spectra of alkaline heematin, a weak absorption band, in the neigh-
bourhood of D; but if the blood has been acted on for some time by
ammonia, then all absorption bands vanish. These spectra, however, are
not peculiar to ammonia, the action of caustic potash or soda being
similar. The muscles are excited by ammonia, the functions of the
nerves are destroyed.

When a solution of strong ammonia is swallowed, there are two main
effects—(1) the action of the ammonia itself on the tissues it comes into
contact with, and (2) the effects of the vapour on the air-passages.
There are, therefore, immediate irritation, redness, and swelling of the
tongue and pharynx, a burning pain reaching from the mouth to the
stomach, with vomiting, and, it may be, nervous symptoms. The saliva
is notably increased. In a case reported by Fonssagrives,* no less than
3 litres were expelled in the twenty-four hours. Often the glands
under the jaw and the lymphatics of the neck are swollen.

Doses of from 5 to 30 grammes of the strong solution of ammonia
may kill as quickly as prussic acid. In a case recorded by Christison,t
death occurred in four minutes from a large dose, doubtless partly by
suffocation. As sudden a result is also recorded by Plenk: a man,
bitten by a rabid dog, took a mouthful of spirits of ammonia, and died
in four minutes.

If death does not occur rapidly, there may be other symptoms—
dependent not upon its merely local action, but upon its more remote
effects. These mainly consist in an excitation of the brain and spinal
cord, and, later, convulsive movements deepening into loss of conscious-
ness. It has been noticed that, with great relaxation of the muscular
system, the patients complain of every movement causing pain. With
these general symptoms added to the local injury, death may follow
many days after the swallowing of the fatal dose.

Death may also occur simply from the local injury done to the
throat and larynx, and the patient may linger some time. Thus, in a
case quoted by Taylor,} in which none of the poison appears actually to
bhave been swallowed, the man died nineteen days after taking the
poison from inflammation of the throat and larynx. As with the strong
acids, so with ammonia and the alkalies generally, death may also be

* L' Union Médicale, 1857, No. 13, p. 49, No. 22, p. 90.
+ Christison, 167,
1 Principles of Jurisprudence, i. p. 235.
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per cent. by weight of KHO. It should, theoretically, not effervesce
when treated with an acid, but its affinity for CO, is so great that all
solutions of potash, which have been in any way exposed to air, contain
a little carbonate. Caustic sticks of potash and lime used to be officinal
in the British Pharmacopeeia. Filho’s caustic is still in commerce, and
is made by melting together two parts of potassium hydrate and one
part of lime in an iron ladle or vessel ; the melted mass is now moulded
by pouring it into leaden moulds. Vienna paste is composed of equal
weights of potash and lime made into a paste with rectified spirit or
glycerin.

§ 104. Carbonate of Potash (K,CO, + 13H,0), when pure, is in the
form of small white crystalline grains, alkaline in taste and reaction,
and rapidly deliquescing when exposed to moist air; it gives all the
chemical reactions of potassium oxide, and carbon dioxide. Carbonate
of potash, under the name of salt of tartar, or potashes, is sold at oil
shops for cleansing purposes. It is supplied either in a fairly pure state,
or as a darkish moist mass containing many impurities.

§ 105. Bicarbonate of Potash (KHCO,) is in the form of large
transparent rhombic prisms, and is not deliquescent. The effervescing
solution of potash (liguor potasse effervescens) consists of 30 grains of
KHCO, in a pint of water (3-45 grms. per litre), and as much CO, as
the water will take up under a pressure of seven atmospheres.

§ 106. Caustic Soda—Sodium Hydrate (NaHO).—This substance is
a white solid, very similar in appearance to potassium hydrate; it
absorbs moisture from the air, and afterwards carbon dioxide, becom-
ing solid again, for the carbonate is not deliquescent. In this respect,
then, there is a great difference between potash and soda, for the former
i8 deliquescent both as hydrate and carbonate; a stick of potash in a
semi-liquid state, by exposure to the air, continues liquid, although
saturated with carbon dioxide. Pure sodium hydrate has a specific
gravity of 2:0; it dissolves in water with evolution of heat, and the
solution gives all the reactions of sodium hydrate, and abeorbs carbon
dioxide as readily as the corresponding solution of potash. The liguor
sode of the B.P. should contain 4°1 per cent. of NaHO.

§ 107. 8odse Carbonas—Carbonate of S8oda—(Na,C0O,10H,0).—The
pure carbonate of soda for medicinal use is in colourless and transparent
rhombic octahedrons ; when exposed to air, the crystals efloresce and
crumble. The sod:e carbonas ecsiccala, or dried carbonate of soda, is
simply the ordinary carbonate, deprived of its water of crystallisation,
which amounts to 62:93 per cent.

§ 108. Bicarbonate of S8oda (NaHCO,) occurs in the form of
minute crystals, or, more commonly, as a white powder. The liguor
sodee effervescens of the B.P. is a solution of the bicarbonate, 30 grains
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of the salt in 20 ozs. of water (345 grms. per litre), the water being
charged with as much carbonic acid a8 it will hold under a pressure of
seven atmospheres. The bicarbonate of soda lozenges (trochisci sodee
bicarbonatis) contain in each lozenge 5 grains (327 mgrms.) of the
bicarbonate. The carbonate of soda sold for household purposes is of
two kinds—the one, “seconds,” of a dirty white colour and somewhat
impure; the other, “best,” is a white mass of much greater purity.
Jarelle water (Eau de Javelle) is a solution of hypochlorite of soda ; its
- action is poisonous, more from the caustic alkali than from the chlorine,
and may, therefore, be here included.

§ 109. Statistics.—Poisoning by the fixed alkalies is not so frequent
as poisoning by ammonia. Falck has collected, from medical literature,
27 cases, 2 of which were the criminal administering of Eau de Javelle,
and 5 were suicidal ; 22, or 815 per ceut., died—in 1 of the cases after
twenty-four hours ; in the others, life was prolonged for days, weeks, or
months—in 1 case for twenty-seven months. In the ten years ending
1903, in England and Wales there were 23 deaths from poisoning by
the fixed alkalies, 12 males and 11 females, all due to accident, not a
single case of suicide or murder.

§ 110. Effects on Animal and Vegetable Life.—The fixed alkalies
destroy all vegetable life, if applied in strong solution or in substance,
by dehydrating and dissolving the tissues. The effects on animal
tissues are, in part, due also to the affinity of the alkalies for water.
They extract water from the tissues with which they come in contact,
and also attack the albuminous constituents, forming alkali-albuminate,
which swells on the addition of water, and, in a large quantity, even
dissolves. Cartilaginous and horny tissues are also acted upon, and
strong alkalies will dissolve hair, silk, etc. The action of the alkali is
by no means restricted to the part first touched, but has a remarkable
faculty of spreading in all directions.

§ 111. Local effects.—The effects of strong alkali applied to the
cpidermis are similar to, but not identical with, those produced by
strong acids. S. Samuel * has studied this experimentally on the ear
of the rabbit ; a drop of a strong solution of caustic alkali, placed on the
ear of a white rabbit, caused stasis in the arteries and veins, with first a
greenish, then a black colour of the blood ; the epidermis was bleached,
the hair loosened, and there quickly followed a greenish coloration on
- the back of the ear, opposite to the place of application. Around the

burned spot appeared a circle of anastomosing vessels, a blister rose, and
a slough separated in a few days.

The whole thickness of the ear was coloured yellowish-green, and

later the spot became of a rusty brown.

* Virchow’s drchiv f. path. Anat., Bd li., 1870,
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(43 a. 264, ser. ix.). It is the stomach of a woman aged 44, who had
swallowed a concentrated solution of carbonate of potash. She vomited
immediately after taking it, and lived about two months, during the
latter part of which she had to be nourished by injections. She died
mainly from starvation. The gullet in its lower part is seen to be much
contracted, its lining membrane destroyed, and the muscular coats ex-
posed. The coats of the stomach are thickened, but what chiefly arrests
the attention is a dense cicatrix at the pylorus, with an aperture so
small as only to admit a probe.

The colour of the stomach is generally bright red, but in that of a child,
preserved in Guy’s Hospital museum (No. 1798%), the mucous membrane
is obliterated, the ruge destroyed, and a dark brown stain is a noticeable
feature, The stomach is not, however, necessarily affected. In a pre-
paration in the same museum (No. 1798%0) the mucous membrane of the
stomach of a child who swallowed soap-lees is seen to be almost healthy,
but the gullet is much discoloured. The action on the blood is to
change it into a gelatinous mass; the blood corpuscles are destroyed,
and the whole colour becomes of a dirty blackish-red; the spectroscopic
appearances are identical with those already described (see p. 60).

The question as to the effects of chronic poisoning by the alkalies
or their carbonates may arise. Little or nothing is, however, known
of the action of considerable quantities of alkalies taken daily. In
a case related by Dr. Tunstal,* a man for eighteen years had taken
daily 2 ozs. of bicarbonate of soda for the purpose of relieving
indigestion. He died suddenly, and the stomach was found ex-
tensively diseased; but since the man, before taking the alkali, had
complained of pain, ete., it is hardly well, from this one case, to draw
any conclusion.

It is important to observe that<4he contents of the stomach may be
acid, although the death has been produced by caustic alkali. A child
aged 4 drank from a cup some 14 per cent. soda lye. He vomited
frequently, and died in fifteen hours. The stomach contained 80 c.c. of
sour-smelling turbid fluid, the reaction of which was acid. There were
hemorrhagic patches in the stomach, and signs of catarrhal inflamma-
tion ; there was also a similarly inflamed condition of the duodenum.f

§ 114. Chemical Analysis.—The tests for potassium or sodium are
too well known to need more than enumeration. The intense yellow
flame produced when a sodium salt is submitted to a Bunsen flame, and
the bright sodium-line at D when viewed by the spectroscope, is a delicate
test ; while potassium gives a dull red band in the red, and a faint but
very distinct line in the violet. Potassium salts are precipitated by tar-

* Med. Times, Nov. 80, 1850, p. 564.
+ Lesser, Atlas d. gericht. Med., Tafel ii.
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swallowed 30 grms. (8'5 drms.), when using it as a gargle ; she died in a few days
from nephritis. A man, 30 years of age, died in four days after having taken 48
grms. (12°8 drms.) of sodic chlorate in six hours. The shortest time in which
the salt appears to have been fatal is a case related by Dr. Manouvriez, in which a
woman took 45 grms., and died in five hours. The smallest dose which has proved
fatal is one in which an infant 8 years old was killed by 3 grms. (46°3 grains).

Jacobi considers that the maximum dose to be given in divided doses during
the twenty-four hours, to infants under 8, should be from 1-1'5 grm. (15-4-28°1
grains) ; to children from 3 years old, up to 2 grms. (30°8 grains); and adults from
6-8 grms. (92:6-123°4 grains).

§ 133. Elimination. —Potassic chlorate is quickly absorbed by mucous mem-
branes, and by the inflamed skin, and rapidly separated from the body by the action
of the kidneys. Wahler, as early as 1824, recognised that it in great part passed
out of the body unchanged ; and, lately, Isambert, in conjunction with Hirne,*
making quantitative estimations, recovered from the urine no less than 95 per cent.
of the ingested salts. Otto Hehner has also made several auto-experiments, and
taking 2} drms., found that it could be detected in the urine an hour and a half
afterwards. At that time 17°23 per cent. of the salt had been excreted, and, by the
end of eleven hours, 938 per cent. was recovered. It is then difficult to believe that
the salt gives any oxygen to the tissues, for though it is true that in all the investi-
gations a small percentage remains to be accounted for, and also that Binz,t making
experiments by mixing solutions of potassic chlorate with moist organic substances,
such as pus, yeast, fibrin, etc., has declared that, at a blood heat, the chlorate is
rapidly reduced, and is no longer recognisable as chlorate—yet it may be affirmed
that potassic chlorate is recovered from the urine as completely as anything which is
ever excreted by the body, and that deductions drawn from the changes undergone
by the salt in solutions of fibrin, etc., have only an indirect bearing on the question.

§ 134. The essential action of potassic chlorate seems to be that it causes a
peculiar change in the blood, acting on the colouring matter and corpuscles ; the
latter lose their property as oxygen carriers ; the hemoglobin is in part destroyed ;
the corpuscles dissolved. The decomposed and altered blood corpuscles are crowded
into the kidueys, spleen, etc. ; they block up the uriniferous canaliculi, and thus the
organs present the curious colouring seen after death, and the kidneys become

inflamed.

Detection and Estimation of Potassic Chlorate.

§ 135. Organic fluids are best submitted to diglysis ; the dialysed fluid should
then be concentrated and qualitative tests applied. One of the best tests for the
presence of a chlorate is, without doubt, that recommended by Fresenius. The fluid
to be tested is acidulated with a few drops of sulphuric acid ; sulphate of indigo
added sufficient to colour the solution blue, and finally a few drops of sulphurous
acid. In presence of potassic or sodic chlorate, the blue colour immediately vanishes.
This method is capable of detecting 1 part in 128,000 ; provided the solution is not
originally coloured, and but little organic matter is present.

The urine can be examined direct, but if it contain albumen, the blue colour may
disappear and yet chlorate be present ; if too much sulphurous acid be also added,
the test may give erroncous results. These are but trivial objections, however, for
if the analyst obtains a response to the test, he will naturally confirm or disprove it

by the following process : —

* Gaz. M&d, de Paris, 1875, Nro, 17, 35, 41, 43.
t Berlsn klin. Wochenschr., xi. 10, 8. 119, 1874.






134 POISONS : THEIR EFFECTS AND DETECTION. [§ 136.

heated to redness, asalso by the action of strong sulphuric acid on the solid sub-
stances—in the one case, yellow vapours of peroxide of chlorine being evolved—in the
other, the red fumes already mentioned of nitric peroxide.

With regard to a substance such as the hydro-potassic tartrate, its insolubility in
water renders it not easy of detection by dialysis; but its very insolubility will aid
the analyst, for the contents of the stomach may be treated with water, and thus all
soluble salts of the alkalies extracted. On now microscopically examining the
insoluble residue, crystals of bitartrate, if present, will be readily seen. They may
be picked up on a clean platinum wire and heated to redness in a Bunsen flame, and
spectroscopically examined. After heating, the melted mass will have an alkaline
reaction, and give a precipitate with platinic chloride. All other organic salts of
potassium are soluble, and a white crystal giving such reaction must be hydro-
potassic tartrate.

Ammonium Salts.—If the body is fresh, and yet the salts of ammonium present
in large amount, it is safe to conclude that they have an external origin ; but there
might be some considerable difficulty in criminal poisoning by a neutral salt of
ammonium, and search for it in a highly putrid corpse. Probably, in such an excep-
tional case, there would be other evidence. With regard to the quantitative separa-
tion and estimation of the fixed alkalies in the ash of organic substances, the reader
is referred to the processes given in ‘‘ Foods,” p. 96 ¢t seq., and in the present work,
P 27.
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both between petroleum naphtha, shale naphtha, and coal-tar naphtha. The table
is founded upon the examination of particular samples, and commercial sainples may
present a few minor deviations,

TABLE OF THE VARIETIES OF NAPHTHA.

1
Shale Naphtha. l

Petroleum Naphtha. Coal-tar Naphtha.

i ( N

Contains at least 75 per |  Contains at least 60 to | Consists almost wholly
cent. of heptane, C;H4, | 70 per cent. of heptylene, l of benzene, CgH, and
and other hydrocarbons of C,l-}“, and other hydro- ' other homologous hydro-

the marsh gas or paraffin | carbons of the olefin | carbons, with a small per-
series ; the remainder ap- | series; the remainder | centage of light hydro-
parently olefins, CnHgn, raffins. No trace of | carbons in some samples.
with distinct traces of nzene or its homologues.

benzene and its homo-
logues.

Specific gravity at 15°,
*600.

Specific gravity at 15°, | Specific gravity -876.
*718.

but slightly ; liquid, but
little coloured even after
prolonged contact.

On shaking three mea-
sures of the sample with
one measure of fused crys-
tals of absolute carbolic

petroleum naphtha with |
regard to the solution of
pitch. !

When treated with
fused carbolic acid crys-
tals, the liquids mix per-
fectly.

Distils between 65° and Distils between 65°and |  Distils between 80° and
100°. 100°. 120°.
Dissolves coal-tar pitch Behaves similarly to Readily dissolves pitch,

forming a deep brown
solution.

The liquids form a
homogeneous  mixture
when treated with fused

. carbolic acid crystals.

acid, no solution. Liquids
not miscible.

Combines with 10 per
cent. of its weight of
bromine in the cold.

Combines with upwards
of 90 per cent. of its
weight of bromine.

Combines slowly with
80-40 per cent. of its
weight of bromine.

§ 142, Paraffin Oil (or kerosine mineral oil, photogen, etc.) is the chief product
resulting from the distillation of American petroleum—the usual specific gravity is
about ‘802—it is a mixture of hydrocarbons of the parafin series. It should be free
from the more volatile constituents, and hence should not take fire when a flame is
applied near the surface of the cold liquid.

§ 143. Effects of Petroleum.—Since we have lere to deal with a commercial
substance of such different degrees of purity, and various samples of which are com-
posed of such various proportions of different hydrocarbons, its action can only be
stated in very general terms. Eulenberg * has experimented with the lighter pro-
ducts obtained from the distillation of Canadian petroleum. This contained sulphur
products, and was extremely poisonous, the vapour killing a rabbit in a short time,
with previous insensibility and convulsions. The autopsy showed a thin extravasa-
tion of blood on the surface of each of the bulbi, much coagulated blood in the heart,
congested lungs, and a bloody mucus covering the tracheal mucous membrane. An

* Gewerbe- Hygiene.
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2. COAL-TAR-NAPHTHA—BENZENE.

§ 146. Coal-tar-naphtha, in its crude state, is an extremely complex liquid, of a
most disagrecable smell. Much benzene (CgHy) is present with higher homologues of
the benzene series. Toluene (C;H,), naphthalene (CyH), hydrocarbons of the
paraffin series, especially hexane (CgH,,), and hydrocarbons of the olefin series, especi-
ally pentylenc, hexylene, and heptylene (CgH,,,CgH;; and G;H),). Besides these,
there are nitrogenised bases, such as aniline, picoline, and pyridine ; phenols, especi-
ally carbolic acid ; ammonia, smmonium sulphide, carbon disulphide, and probably
other sulphur compounds ; acetylene and aceto-nitrile. By distillation and fractional
distillation are produced what are technically known ‘‘once run” naphtha, 90 per
cent. benzol, 50 and 90 per cent. benzol,* 30 per cent. benzol, solvent naphtha, and
residue known as ‘‘ last runnings.”

§ 147. Taylor t records a case in which a boy, aged 12, swallowed about 3 ozs. of
naphtha, the kind usually sold for burning in lamps, and died with symptoms of
narcotic poisoning. The child, after taking it, ran about in wild delirium ; he then
sank into a state of collapse, breathing stertorously, and the skin becsme cold and
clammy. On vomiting being excited, he rejected about two tablespoonfuls of the
naphtha, and recovered somewhat, but again fell into collapse with great muscular
relaxation. The breathing was difficult ; there were no convulsions ; the eyes were
fixed and glassy, the pupils contracted ; there was frothing at the mouth. In spite
of every effort to save him, he died in less than three hours after taking the poisomn.
The body, examined three days after death, smelt strongly of naphtha, but the post-
mortem appearances were in no way peculiar, save that the stomach contained a pint
of semi-fluid matter, from which a fluid, having the characteristics of impure benzene,
was separated.

§ 148. The effects of the vapour of benzene have been studied by Eulenberg in
experiments on cats and rabbits, and there are also available observations on men 3
who have been accidentally exposed to its influence. From these sources of informa-
tion, it is evident that the vapour of benzene has a distinetly narcotic effect, while
influencing also in a marked degree the spinal cord. There are, as symptoms, noises
in the head, convulsive trembling and twitchings of the muscles, with difficulty of
breathing.

DETECTION AND SEPARATION OF BENZENE.

§ 149, Benzene is separated from liquids by distillation, and may be recognised
by its odour, and by the properties described at p. 136. The best process of identifica-
tion, perhaps, is to purify and convert it into nitro-benzene, and then into aniline, in
the following manner :—

1. Purification.—The liquid is agitated with a solution of caustic soda ; this
dissolves out of the benzene any bodies of an acid character, such as phenol, ete. The
purified liquid should again be distilled, collecting that portion of the distillate which
passes over between 80° and 120° ; directly the thermometer attains nearly the 120°,
the distillation should be stopped. The distillate, which contains all the benzene
present, is next shaken with concentrated sulphuric acid in the cold ; this will
dissolve out all the hydrocarbons of the ethylene and acetylene series. On removing
the layer of benzene from the acid, it must be again shaken up with dilute soda, so
as to remove any trace of acid. The benzene is, by this rather complicated series of

* Or 50/90 benzol, this indicates that 50 per cent. distils over below 100°; and
40, making in all 90, below 120°,

1 Up. cit., p. 657.

1 Dr. Stone, Med. Gaz., vol, xii. p. 1077, 1848.
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The specific gravity of turpentine oil is ‘864 ; its boiling-point, when consisting of
pure terebenthene, 166°, but impurities may raise it up to 160°; it is combustible
and burns with a smoky flame. Oil of turpentine is very soluble in ether, petroleum
ether, carbon disulphide, chloroform, benzene, fixed and essential oils, and by the
use of these solvents it is conveniently separated from the contents of the stomach.
It is insoluble in water, glycerin, and dilute alkaline and acid solutions, and very
soluble in absolute alcohol, from which it may be precipitated by the addition of
water.

It is polymerised by the action of strong sulphuric acid, the polymer, of course,
boiling at a higher temperature than the original oil. With water it forms a crys-
talline hydrate (CyoHy04,H,0). On passing nitrosyl chloride gas into the oil, either
pure or diluted with chloroform or alcohol, the mixture being cooled by ice, a white
crystalline body is deposited, of the formula C,,H;4 (NOCl). By treating this com-
pound with alcoholic potash, the substitution product (C,,H,(NO) is obtained. By
treating turpentine with an equal bulk of warm water, and shaking it in a large
bottle with air, camphoric acid and peroxide of hydrogen are formed. When
turpentine oil is left in contact with concentrated hydrochloric acid, there is formed
terebenthene dihydrochloride (C,0H,¢2HCl), which forms rhombic plates, insoluble
in water, and decomposable by boiling alcoholic potash, with formation of terpinol,
(CiH}7)0. The dihydrochloride gives a colour-reaction with ferric chloride. This
is an excellent test—not, it is true, contined to oil of turpentine, but conmon to the
dihydrochlorides of all the terpenes. A few drops of the oil are stirred in a porcelain
capsule with a drop of hydrochloric acid, and one of ferric chloride solution; on
gently heating, there is produced first a rose colour, then a violet-red, and lastly
a blue.

§ 162. Effects of the Administration of Turpentine.—L. W. Licrsch * exposed
snimals to the vapour of turpentine, and found that a cat and a rabbit died within
half an hour. There was observed uncasiness, reeling, want of power in the limbs
(more especially in the hinder oxtremities), convulsions partial, or general, difliculty
of respiration ; and the heart’s action was quickened. Death took place, in part,
tfrom asphyxia, and in part was attributable to a direct action on the nervous centres.
The autopsy showed congestion of the lungs, eccchymoses of the kidney, and much
blood in the liver and spleen. Small doses of turpentine-vapour cause (according to
Sir B. W. Richardson) t giddiness, deficient appetite, and anemis. From half an
ounce to an ounce is frequently prescribed in the country as a remedy for tapeworm ;
in smaller quantities it is found to be a useful medicine in a great variety of ailments.
The larger doses produce a kind of intoxication with giddiness, followed often by
purging and strangury ; not unfreguently blood and albumen (or both) is found in the
urine. When in medical practice the senior author has given the oil, and scen it given
by others, in large doses for tapeworm to adults, in perhaps 40 cases, but in no one
instance were the symptoms severe ; the slight intoxication subsided quickly, and in a
few hours the patients recovered completely. Nevertheless it has been known to destroy
the lives of children, and cause most serious symptoms in adults. Two fatal cases
are mentioned by Taylor ; one was that of a child who died fifteen hours after taking
half an ounce of the oil ; in another an infant, 5 months old, died rapidly from a
teaspoonful. The symptoms in these fatal cases were profound coma and slight
convulsions ; the pupils were contracted, and thero was slow and irregular breathing.
Turpentine is eliminated in a changed form by the kidneys, and imparts an odour of
violet to the urine; but the nature of the odoriferous principle has not yet been

investigated.

¢ Clarus in Schmidt's Jahrbiicker, Bd. exvii., i., 1868 ; and Vicrtcljahrsschr. fir
ger. Mad., xxii., Oct. 1862,
t Brit. and For. Med.-Chir. Review, April 1863,
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Dr. Schaaf* has recorded three cases of poisoning—one of which was fatal. A
woman gave about half a teaspoonful of a camphor solution to each of her three
children, the ages being respectively 5 and 3 years, and 15 months. The symptoms
noted were pallor of the face, a burning pain in the throat, thirst, vomiting, purging,
convulsions, and afterwards coma. The youngest child died in seven hours ; the
others recovered. The smallest dose known to have produced violent symptoms in
an adult person is 1°3 grm. (20 grains); the largest dose known to have been re-
covered from is 10°4 grms, (160 grains), t :

§ 156. Post-mortem Appearances.—The bodies of animals or persons dying from
poisoning by camphor, smell strongly of the substance. The mucous membrane of
the stomach has been found inflamed, but there seem to be no characteristic lesions.

§ 157. Beparation of Camphor from the Contents of the Stomach. —The identi-
fication of camphor would probably in no case present any difficulty. It may be
readily dissolved out from organic fluids by chloroform. If dissolved in fixed oils,
enough for the purposes of identification may be obtained by simple distillation. It
is precipitated from its alcoholic solution by the addition of water.

III.—Alcohols.
1. ETHYLIC ALCOHOL.

§ 158. The chemical properties of ordinary alcohol are fully de-
scribed, with the appropriate tests, in ‘Foods,” pp. 379-398, and the
reader is also referred to the same volume for the composition and
strength of the various alcoholic drinks.

Statistics, —If we were to include in one list the deaths indirectly
due to chronic, as well as acute poisoning by alcohol, it would stand
first of all poisons in order of frequency, but the taking of doses so large
as to cause death in a few hours is rare. The deaths from alcohol are
included by the English Registrar-General under two heads, viz., those
returned as dying from delirium tremens, and those certified as due
directly to intemperance.

From 1875 to 1903 the deaths registered as due to intemperance
have varied from a minimum of 1269 up to 3638, the maximum occur-
ring in 1900. The curve on the opposite page clearly shows the alcoholic
death-rate per million living during the period. Alcoholic deaths, with
a few intermissions, increased from 1879 to 1900, and since that year
have declined.

During the ten years ending 1903, 82 deaths (56 males and 26
females) were ascribed, under the head of “accident or negligence,”
directly to alcohol.

§ 159. Criminal or Accidental Alcoholic Poisoning.—Suicide by
alcohol, in the common acceptation of the term, is rare, and murder

* Journ. de Chim. Méd., 1850, p. 507.
t Taylor on Poisons, 3rd ed., 661.
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either a foolish wager, by which a man bets that he can drink so many
glasses of spirits without bad effect ; or else the drugging of a person
already drunk by his companions in a sportive spirit.

§ 160. Fatal Dose.—It is difficult to say what would be likely to
prove a lethal dose of alcohol, for a great deal depends, without doubt,
on the dilution of the spirit, since the mere local action of strong
alcohol on the mucous membranes of the stomach, etc., is severe (one
may almost say corrosive), and would aid the more remote effects. In
Maschka’s case,* a boy of 9 years and a girl of 5 died from about
2} ounces of spirit of 67 per cent. strength, or 482 c.c. (17 oz.) of
absolute alcohol.

In a case related by Taylor, a child, 7 years old, died from some
quantity of brandy, probably about 113-4 c.c. (4 ozs.), which would be
equal to at least 56°7 c.c. (2 o0zs.) of absolute alcohol. From other cases
in which the quantity of absolute alcohol can be, with some approxi-
mation to the truth, valued, it is evident that, for any child below 10
or 12, quantities of from 283 to 566 c.c. (1-2 ozs.) of absolute
alcohol contained in brandy, gin, etc., would be a highly dangerous and
probably fatal dose ; while the toxic dose for adults is somewhere
between 71:8-141°7 c.c. (2°5-b ozs.). )

§ 161. Symptoms.—In the cases of rapid poisoning by a large dose
of alcohol, which alone concern us, the preliminary, and too familiar
excitement of the drunkard, may be hardly observable ; but the second
stage, that of depression, rapidly sets in; the unhappy victim sinks
down to the ground helpless, the face pale, the eyes injected and
staring, the pupils dilated, acting sluggishly to light, and the skin re-
markably cold. Frintzel t found, in a case in which the patient survived,

* Recorded by Maschka (Gutachten der Prager Facultit, iv. 239 ; see also
Maschka’s Handbuch der gericht. Medicin, Band ii. p. 384). The following is a
brief summary :—Franz. Z., 9 years old, and Caroline Z., b years old, were poisoned
by their stepfather with spirit of 67 per cent. strength taken in small quantities
by each—at first by persuasion, and the remainder administered by force. About
one-eighth of a pint is said to have been given to each child. Both vomited some-
what, then lying down, stertorous breathing at once came on, and they quickly
died. The autopsy, three days after death, showed dilatation of the pupils ; rigor
mortis present in the boy, not in the girl ; and the membranes of the brain filled
with dark fluid blood. The smell of alcohol was perceptible on opening the chest ;
the mucous membrane of the bronchial tubes and gullet was normal, both lungs
edematous, the fine tubes gorged with a bloody frothy fluid, and the mucous mem-
brane of the whole intestinal canal was reddened. The stomach was not, unfortu-
nately, examined, being reserved for chemical analysis. The heart was healthy ; the
pericardium contained some straw-coloured fluid. Chemical analysis gave an entirely
negative result, which must have been from insufficient material having been sub-
mitted to the analyst, for it is hard to see how the vapours of alcohol could have been
detected by the smell, and yet have evaded chemical processes.

t Temperaturerniedrigung durch Alcoholintoxication, Charité Annalen, i. 871.
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In a case related by Taylor, in which a child drank 4 ozs. of brandy
and died, the mucous membrane of the stomach presented patches of
intense redness, and in several places was thickened and softened, some
portions being actually detached and hanging loose, and there were
evident signs of extravasations of blood. The effect may not be con-
fined to the stomach, but extend to the duodenum and even to the
whole intestinal canal. The blood is generally dark and fluid, and
usually the contents of the skull are markedly hyper@mic, the pia very
full of blood, the sinuses and plexus gorged ; occasionally, the brain
substance shows signs of unusual congestion ; serum is often found in
the ventricles. The great veins of the neck, the lungs, and the right
side of the heart are very often found full of blood, and the left side
empty. (Edema of the lungs also occurs with tolerable frequency.
The great veins of the abdomen are also filled with blood, and if the
coma has been prolonged, the bladder will be distended with urine. A
rare phenomenon has also been noticed—namely, the occurrence of
blebs on the extremities, etc., just as if the part affected had been burnt
or scalded. Lastly, with the changes directly due to the fatal dose may
be included all those degenerations met with in the chronic drinker,
provided the case had a history of previous intemperance.

§ 163. Excretion of Alcohol. — Alcohol, in the diluted form, is
quickly absorbed by the blood-vessels of the stomach, etec., and circulates
in the blood ; but what becomes of it afterwards is by no means settled.
There can be little doubt that the lungs are the main channels
through which it is eliminated ; with persons given up to habits of
intemperance, the breath has constantly a very peculiar ethereal odour,
probably dependent upon some highly volatile oxidised product of
alcohol.

Alcohol is eliminated in small proportion only by the kidneys.
Thudichum, in an experiment* by which 4000 grms. of absolute
alcohol were consumed by thirty-three men, could only find in the
collected urine 10 grms. of alcohol. The numerous experiments by
Dupré also establish the same truth, that but a fraction of the total
alcohol absorbed is excreted by the kidneys. According to Lallemand,
Perrin, and Duroy, the content of the brain in alcohol is more than
that of the other organs. One of us (A. W. B.) has found also that
the brain after death has a wonderful attraction for alcohol, and yields
it up at a water-heat very slowly and with difficulty. In one experiment,
in which a finely divided portion of brain, which had been soaking in
alcohol for many weeks, was submitted to a steam-heat of 100°, twenty-
four hours’ consecutive heating failed to expel every trace of spirit.

* See Thudichum’s Pathology of the Urine, London, 1877, in which both his
own and Dr. Dupré’s experiments are suminarised.
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(With most other esters, instead of methyl alcohol as a solvent,
ethyl alcohol is used.)

If the solution is not clear it must be filtered hot. The final
crystals are recrystallised from boiling methyl alcohol, washed with the
same solvent, spread out on a porous tube to dry, and the melting-
point determined.

Methyl 3 : 5 dinitro-benzoate melts at . . . . 107°5°
Ethyl " o ... 920,93
Iso-buty! ' ' . . . 83°-838°5°
Propyl s ' . . . . 738°
Butyl v v . . . . 64°

2. AMYLIC ALCOHOL.

§ 165. Amylic Alcohol—Formula, CsH, HO.—There is more than one amylic
alcohol, according to theory ; eight isomers are possible, and seven are known. The
amylic alcohols differ in certain physical properties, primary amylic alcohol boiling
at 137°, and iso-amyl alcohol at 181-6°. The latter has a specific gravity of 8148,
and is the variety produced by fermentation and present in fusel oil.

§ 166. The experiments of Eulenberg * on rabbits, Cross + on pigeons, Rabuteau
on frogs, and Furst on rabbits, with those of S8ir B. W. Richardson § on various
animals, have shown it to be a powerful poison, more especially if breathed in a
state of vapour.

Richardson, as the result of his investigations, considers that amyl alcohol
when breathed sets up quite a peculiar class of symptoms which last for many hours,
and are of such a character that it might be thought impossible for the animal to
recover, although they have not been known to prove fatal. There is muscular
paralysis with paroxysms of tremulous convulsions; the spasms are excited by
touching the animal, breathing upon it, or otherwise subjecting it to trifling
excitation.

§ 167. Hitherto, neither the impure fusel oil, nor the purer chemical preparation,
has had any toxicological importance. Should it be necessary at any time to recover
small quantities from organic liquids, the easiest way is to shake the liquid up with
chloroform, which readily dissolves amylic alcohol, and on evaporation leaves it in a
state pure enough to be identified. Amyl aleohol is identified by the following
tests :—(1) its physical properties ; (2) if warmed with twice its volume of strong
sulphuric acid, a rose or red colour is produced ; (3) heated with an acetate and
strong sulphuric acid, amyl acetate, which has the odour of the jargonmelle pear, is
formed ; (4) heated with sulphuric acid and potassic dichromate, valeric aldehyde is
first produced, and then valeric acid is formed ; the latter has a most peculiar and
strong odour.

§ 168. Amyl Nitrite, Iso-amyl Ester Nitrite (C;H;,NO,). —Boiling-point 97° to
99°, specific gravity ‘877. Amyl nitrite is a limpid, and, generally, slightly yollow

* Qewerbe Hygiene, 1876, p. 440.

+ De I’ Alcohol Amylique et Methyl sur I’Organisme ( Thése), Strasburg, 1863.

% ‘“Ueber die Wirkung des Aethyl, Butyl u. Amyl Alcohols,” L’Union, Nos,
90, 91, 1870. Schmidt’s Jahrd., Bd. cxlix. p. 268.

§ Trans. Brit. Association, 1864, 1866, and 1866. Also, Brit. and Foreign
Med. Chir. Rev., Jan. 7, 1867, p. 247.
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ether-taking recorded by Martin,* in which a woman took daily doses
of ether for the purpose of allaying a gastric trouble, the patient suffered
from shivering or trembling of the hands and feet, muscular weakness,
cramp in the calves of the legs, pain in the breast and back, inter-
mittent headaches, palpitation, singing in the ears, vomitings, and
wakefulness ; the ether being discontinued, the patient recovered. In
one of Orfila’s experiments, half an ounce of ether was administered to a
dog. The animal died insensible in three hours. The mucous membrane
of the stomach was found highly inflamed, the inflammation extending
somewhat into the duodenum ; the rest of the canal was healthy. The
lungs were gorged with fluid blood.

§ 171. Fatal Dose.—The fatal dose of ether, when taken as a liquid,
is not known. 4 grms, (1:28 drms.) cause toxic symptoms, but the effect
soon passes. Buchanan has seen a brandy-drinker consume 25 grms.
(7 drms.) and yet survive, It is probable that most adults would be
killed by a fluid ounce (284 c.c.).

§ 172. Ether as an Anssthetic.—Ether is now much used as an
anasthetic, and generally in conjunction with chloroform. Anasthesia
by ether is said to compare favourably with that produced by chloroform.
In 92,000 cases of operations performed under ether, the proportion
dying from the effects of the anmsthetic was only *3 per 10,000 (Morgan),
while chloroform gives a higher number (see p. 156). The mortality in
America, again, from a mixture of chloroform and ether in 11,000 cases
is reckoned at 1-7 per 10,000 ; but this proportion is rather above some
of the calculations relative to the mortality from pure chloroform, so that
the question can hardly be considered settled. The symptoms of ether
narcosis are very similar to those produced by chloroform. The chief
point of difference appears to be its action on the heart. Ether, when
first breathed, stimulates the heart’s action, and the after-depression that
follows never reaches so high a grade as with chloroform. Ether is said
to kill by paralysing the respiration, and in cases which end fatally
the breathing is seen to stop suddenly: convulsions have not been
noticed. The post-mortem appearances, as in the case of chloroform,
are not characteristic.

§ 173. Separation of Ether from Organic Fluids, etc.—Despite the
low boiling-point of ether, it is by no means easy to separate it from
organic substances 8o as to recover the whole of the ether present. The
best way is to place the matters in a flask connected with an ordinary
Liebig’s condenser, the tube of the latter at its farther end fitting closely
into the doubly perforated cork of a flask. Into the second perforation
is adapted an upright tube about 2 feet long, which may be of small
diameter, and must be surrounded by a freezing mixture of ice and salt.

* Cumptcs Rendus, 1868,
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position. The impurities to be sought are alcohol, methylated chloro-
form,* dichloride of ethylene (C,H,CL), chloride of ethyl (C,H,Cl),
aldehyde, chlorine, hydrochloric, hypochlorous, and traces of sulphuric
acid : there have also been found chlorinated oils. One of the best tests
for contamination by alcohol, wood spirit, or ether, is that known as
Roussin’s ; dinitrosulphide of iron t is added to chloroform. If it contain
any of these impurities, it acquires a dark colour ; but if pure, remains
bright and colourless.

The presence of alcohol or ether, or both, may also be discovered by
the bichromate test, which is best applied as follows:—A few milli-
grammes of potassic bichromate are placed at the bottom of a test tube
with four or five drops of sulphuric acid, which liberates the chromic
acid ; next, a very little water is added to dissolve the chromic acid;
and lastly, the chloroform. The whole is now shaken, and allowed to
separate. If the chloroform is pure, the mass is hardly tinged a greenish-
yellow, and no layer separates. If, however, there is anything like 5
per cent. of alcohol or ether present, the deep green of chromium
chloride appears, and there is a distinct layer at the bottom of the
tube. )
Another way to detect alcohol in chloroform, aud also to make an
approximate estimation of its quality, is to place 20 c.c. of chloroform
in a burette, and then add 80 c.c. of water. On shaking violently, pure
chloroform will sink to the bottom in clear globules, and the measurement
will be as nearly us possible the original quantity; but if anything like
a percentage of alcohol be present, the chloroform is seen to be diminished
in quantity, and its surface is opalescent, the diminution being caused
by the water dissolving out the alcohol. The addition of a few drops
of potash solution destroys the meniscus, and allows of a close reading
of the volume. The supernatant water may be utilised for the detection
of other impurities, and tested for sulphuric acid by baric chloride, for
free chlorine and hypochlorous acid by starch and potassic iodide, and
for hydrochloric acid by silver nitrate.} Fuchsine, proposed by Stideler,
is also a delicate reagent for the presence of alcohol in chloroform, the
sample becoming red in the presence of alcohol, and the tint being
proportionate to the quantity present. The most delicate test for

* Methylated chloroformn is that which is prepared from methylated spirit. It
is liable to more impurities than that made from pure alcohol, but, of course, its
composition is the same, and it is now manufactured from this source almost
chemically pure.

+ Made by slowly adding ferric sulphate to a boiling solution of ammonic sulphide
and potassic nitrite, as long as the precipitate continues to redissolve, and then
filtering the solution.

1 Neither an alcoholic nor an aqueous solution of silver nitrate causes the slightest
change in pure chloroform.
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for example, by means of a cloth steeped in chloroform laid on the bare
skin, and covered over with some impervious material—there is a
burning sensation, which soon ceases, and leaves the part aneesthetised,
while the skin, at the same time, is reddened, and sometimes even
blistered.

§ 178. Chloroform added to blood, or passed through it in the state
of vapour, causes it to assume a peculiar brownish colour owing to
destruction of the red corpuscles and solution of the hzmoglobin in
the plasma. The change does not require the presence of atmospheric
air, but takes place equally in an atmosphere of hydrogen. It has been
shown by Schmiedeberg that the chloroform enters in some way into a
state of combination with the blood corpuscles, for the entire quantity
cannot be recovered by distillation; whereas the plasma, similarly
treated, yields the entire quantity which has in the first place been
added. Schmiedeberg also asserts that the oxygen is in firmer com-
bination with the chloroformised blood than usual, as shown by its slow
extraction by stannous oxide. Muscle, exposed to chloroform liquid by
arterial injection, quickly loses excitability and becomes rigid. Nerves
are first stimulated, and then their function for the time is annihilated ;
but on evaporation of the chloroform, the function is restored.

§ 179. General Effects of the Liquid.—However poisonous in a
state of vapour, chloroform cannot be considered an extremely active
poison when taken into the stomach as a liquid, for enormous quantities,
relatively, have been drunk without fatal effect. Thus, there is the case
recorded by Taylor, in which a man, who had swallowed 113'4 grms.
(4 ozs.), walked a considerable distance after taking the dose. He
subsequently fell into a state of coma, with dilated pupils, stertorous
breathing, and imperceptible pulse. These symptoms were followed by
convulsions, but the patient recovered in five days.

In a case related by Burkart,* a woman desired to kill herself with
chloroform, and procured for that purpose 50 grms. (a little less than
one ounce and a half) ; she drank some of it, but the burning taste and
the sense of heat in the mouth, throat, and stomach, prevented her from
taking the whole at once. After a few moments, the pain passing off,
she essayed to drink the remainder, and did swallow the greater portion
of it, but was again prevented by the suffering it caused. Finally, she
poured what remained on a cloth, and placing it over her face, soon
sank into a deep narcosis. She was found lying on the bed very pale,
with blue lips, and foaming a little at the mouth ; the head was rigidly
bent backwards, the extremities were lax ; the eyes were turned upwards
and inwards, the pupils dilated and inactive; the face and extremities
were cold, the body somewhat warmer ; there was no pulse at the wrist,

* Vierteljahrsschr. fiir ger. Med., 1876.
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again natural, and all danger seems to have passed, when suddenly,
after a longer or shorter time, without warning, a state of general
depression and collapse supervenes, and death occurs.

§ 182. Post-mortem Appearances.—The post-mortem appearances
from a fatal dose of liquid chloroform mainly resolve themselves into
redness of the mucous membrane of the stomach, though occasionally,
as in Pomeroy’s case, there may be an ulceration. In a case recorded
by Hoffinan,* a woman, aged 30, drank 35 to 40 grms. of chloroform
and died within the hour. Almost the whole of the chloroform taken
was found in the stomach, as a heavy fluid, coloured green, through the
bile. The epithelium of the pharynx, epiglottis, and gullet was of a
dirty colour, partly detached, whitened, softened, and easily stripped off.
The mucous membrane of the stomach was much altered in colour and
consistence, and, with the duodenum, was covered with a tenacious grey
slime. There was no ecchymosis,

2, THE VAPOUR OF CHLOROFORM.

§ 183. Statistics.—Accidents occur far more frequently in the use
of chloroform vapour for anssthetic purposes than in the use of the
liquid.

Most of the cases of death through chloroform vapour are those
caused accidentally in surgical and medical practice. A smaller
number are suicidal, while for criminal purposes its use is extremely
infrequent.

The percentage of deaths caused by chloroform administered during
operations is unaccountably different in different years, times, and places.
The diversity of opinion on the subject is partly (though not entirely)
explicable, by the degrees of purity in the anwsthetic administered, the
different modes of administration, the varying lengths of time of the
anzsthesia, and the varying severity of the operations.

During the Crimean war, according to Baudens and Quesnoy,
30,000 operations were done under chloroform, but only one death
occurred attributable to the anmsthetic. Sansom t puts the average
mortality at ‘756 per 10,000, Nussbaum at 13, Richardson at 2°8,}
Morgan§ at 34. In the American war of secession, in 11,000
operations, there were 7 deaths—that is, 63 per 10,000, the highest
number on a large scale which appears to be on record. In the ten
years ending 1903, 830 deaths are attributed to chloroform in Eng-
land and Wales—viz., 520 males, 292 females, from use as a general

* Lehrbuch der ger. Medicin, 2te Aufl.
t Chloroform : its Action, etc., London, 1865,
1 Med. Times and Qazette, 1870, § Med. Soc. of Virginia, 1872.
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chloroform narcosig in man is to be explained through its producing a
weak coagulation of the cerebral ganglion cells. As already mentioned,
chloroform has an affinity for the red blood corpuscles. Chloroform
stimulates the peripheral ends of the nerves of sensation, so that it
causes irritation of the skin or mucous membranes when locally applied.
Flourens considers that chloroform first affects the cerebrum, then the
cerebellum, and finally the spinal cord ; the action is at first stimulating,
afterwards paralysing. Most anssthetics diminish equally the ex-
citability of the grey and the white nervous substance of the brain,
and this is the case with chloroform, ether, and morphine; but
apparently this is not the case with chloral hydrate, which only
diminishes the conductivity of the cortical substance of the brain, and
leaves the grey substance intact. Corresponding to the cerebral para-
lysis, the blood-pressure sinks, and the heart beats slower and weaker.*
The Hyderabad Commission made 735 researches on dogs and monkeys,
and found that in fatal narcosis, so far as these animals are concerned,
the respiration ceased before the heart, and this may be considered the
normal mode of death ; but it is probably going too far to say that it is
the exclusive form of death in man, for there have been published cases
in which the heart failed first.

§ 186. S8ymptoms.—There is but little outward difference between
man and animals in regard to the symptoms caused by breathing
chloroform ; in the former we have the advantage that the sensations
preceding narcosis can be described by the individual.

The action of chloroform is usually divided into three more or less
distinct stages. In the first there is a “drunken’ condition, changes
in the sense of smell and taste, and it may be hallucinations of vision
and hearing; there are also often curious creeping sensations about the
skin, and sometimes excessive muscular action, causing violent struggles.
Epileptiform convulsions are seen occasionally, and delirium is almost
always present. The face during this stage is generally flushed,
covered with perspiration, and the pupils contracted. The first stage
may last from one minute to several, and passes into the second staye,
or that of depression. Spontaneous movements cease, sensibility to all
external stimuli vanishes, the patient falls into a deep sleep, the con-
sciousness is entirely lost, and reflex movements are more and more
annihilated. The temperature is less than normal, the respirations are
slow, and the pulse is full and slow. The pupils in this stage are
usually dilated, all the muscles are relaxed, and the limbs can be bent
about in any direction. If now the inhalation of chloroform is inter-
mitted, the patient wakes within a period which is usually from twenty
to forty minutes, but may be several hours, after the last inhalation.

* Kobert's Lehrbuch der Intoxicationen.
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any other corpse—in 189 cases, only eighteen times were these gas-
bubbles observed,* so that, even if they are characteristic, the chances
in a given case that they will 5ot be seen are greater than the reverse.
The smell of chloroform may be present, but has been noticed very
seldom.

§ 189, The detection and estimation of chloroform from organic
substances is not difficult, its low boiling-point causing it to distil readily.
Accordingly (whatever may be the ultimate modifications, as suggested
by different experimenters), the first step is to bring the substances,
unless fluid, into a pulp with water, and submit this pulp to distillation
by the heat of a water-bath, If the liquid operated upon possesses no
particular odour, the chloroform may in this way be recognised in the
distillate, which, if necessary, may be redistilled in the same manner,
80 as to concentrate the volatile matters in a small compass,

There are four chief tests for the identification of chloroform :—

(1) The final distillate is tested with a little aniline, and an aleoholic
solution of soda or potash lye; either immediately, or upon gently
warming the liquid, there is a peculiar and penetrating odour of phenyl-
carbylamine, C;H,NC ; it is produced by the following reaction :—

CHCl, + 3KOH + C;H,NH,->C,H,NC + 3KCl + 3H,0.

Chloral, trichloracetic acid, bromoform and iodoform also give the same
reaction ; on the other hand, ethylidene chloride does not yield under
these circumstances any carbylamine (isonitrile).

(2) Chloroform reduces Fehling’s alkaline copper solution, when
applied to a distillate, thus excluding a host of more fixed bodies which
have the same reaction; it is a very excellent test, and may be made
quantitative. The reaction is as follows :—

CHCl, + 5KHO + 2Cu0 = Cu,0 + K,C0, + 3KCl + 3H,0 ;

thus, every 100 parts of cuprous oxide equals 83-75 of chloroform.

(3) The fluid to be tested (which, if acid, should be neutralised) is
distilled in a slow current of hydrogen, and the vapour conducted
through a short bit of red-hot combustion tube containing platinum
gauze. Under these circumstances, the chloroform is decomposed and
hydrochloric acid formed; hence, the issuing vapour has an acid re-
action to test paper, and if led into a solution of silver nitrate, gives the
usual precipitate of argentic chloride. Every 100 parts of silver chloride
equal 27758 of chloroform.

(4) The fluid is mixed with a little thymol and potash ; if chloro-
form be present, a reddish-violet colour is developed, becoming more
distinet on the application of heat.t

* Schauenstein (op. eit.).
t 8. Vidali in Deutsch-Amerikan. Apoth.-Zeitung, vol. iij., Aug. 15, 1882,






162 POISONS : THEIR EFFECTS AND DETECTION. [§ 192, 193.

in cold chloroform, and inflames readily, whereas chloral scarcely
burns.

Chloral hydrate completely volatilises, and can be distilled in a
vacuum without change. If, however, boiled in air, it undergoes slow
decomposition, the first portions of the distillate being overhydrated, the
last underhydrated ; the boiling-point, therefore, undergoes a continuous
rise. The amount of hydration of a commercial sample is of practical
importance ; if too much water is present, the chloral deliquesces, espe-
cially in warm weather; if too little, it may become acid, and in part
insoluble from the formation of metachloral (C4HyCl,05). Chloral
hydrate, by the action of the volatile or fixed alkalies, is decomposed, an
alkaline formate and chloroform resulting thus—

C,HC1,0,H,0 + NaHO->NaCHO, + H,0 + CHCI,,

Trichlor-acetic acid is decomposed in a similar manner.

Statistics.—Chloral caused, during the ten years ending 1903, in
England and Wales, 96 deaths—viz., 82 (66 males, 16 females) acci-
dentally, and 14 (12 males, 2 females) from suicide.

§ 192. Detection.—It is, of course, obvious that after splitting up
chloral into chloroform, the latter can be detected by distillation and
applying the tests given at p. 160 and seg. Chloral hydrate is soluble
in one and a half times its weight of water; the solution should be
perfectly neutral to litmus. It is also soluble in ether, in alcohol, and
in carbon disulphide. It may be extracted from its solution by shaking
out with ether. There should be no cloudiness when a solution is tested
with silver nitrate in the cold ; if, however, to a boiling solution nitrate
of silver and a little ammonia are added, there is a mirror of reduced
silver.

§ 193. The assay of chloral hydrate in solutions is best effected by
distilling the solution with slaked lime; the distillate is received in
water contained in a graduated tube kept at a low temperature. The
chloroform sinks to the bottom, and is directly read off; the number of
c.c. multiplied by 2'064 equals the weight of the chloral hydrate
present,

Another method, accurate but only applicable to the fairly pure sub-
stance, i8 to dissolve 1 to 2 grms. in water, remove any free acid by
baric carbonate, and then treat the liquid thus purified by a known
volume of standard soda. The soda is now titrated back, using litmus
as an indicator ; each c.c. of normal alkali neutralised by the sample
corresponds to 0°1655 grm. of chloral hydrate. Small quantities of
chloral hydrate may be conveniently recovered from complex liquids by
shaking them up with ether, and removing the ethereal layer. A con-
venient tube for this purpose suitable for either liquids which like ether
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aotions through small doses are intensified; through large, much
diminished. -025-'05 grm. (‘4~'7 grain), injected subcutaneously into
frogs, causes a slowing of the respiration, a diminution of reflex excita-
bility, and lastly, its complete cessation; this condition lasts several
hours ; at length the animal returns to its normal state. If the dose is
raised to ‘1 grm. (1'5 grain) after the cessation of reflex movements, the
heart is paralysed—a paralysis not due to any central action of the
vagus, but to a direct action on the cardiac ganglia. Rabbits of the
ordinary weight of 2 kilos. are fully narcotised by the subcutaneous
injection of 1 grm. ; the sleep is very profound, and lasts several hours ;
the animal wakes up spontaneously, and is apparently none the worse.
If 2 grms. are administered, the narcotic effects, rapidly developed, are
much prolonged. There is a remarkable diminution of temperature, and
the animal dies, the respiration ceasing without convulsion or other sign.
Moderate-sized dogs require 6 grms, for a full narcosis, and the symptoms
are similar ; they also wake after many hours, in apparent good health.*

§ 196. Liebreich considered that the action of chloral was due to
its being broken up by the alkali of the blood, and the system being thus
brought into a state precisely similar to its condition when anmsthetised
by chloroform vapour. This view has, however, been proved to be
erroneous. Chloral hydrate can, it is true, be decomposed in some degree
by the blood at 40° ; but the action must be prolonged for several hours.
A 1 per cent. solution of alkali does not decompose chloral at a blood-heat
in the time within which chloral acts in the body; and since narcotic
effects are commonly observed when, in the fatty group, hydrogen has
been displaced by chlorine, it is more probable that chloral hydrate is
absorbed and circulates in the blood as such, and is not broken up into
chloroform and an alkaline formate.

§ 196. Effects of Chloral Hydrate on Man —Since the year 1869,
in which chloral was first introduced to medicine, it has been the cause
of a number of accidental and other cases of poisoning. In nearly all
the cases the poison was taken by the mouth, but in one instance the
patient died in three hours, after having injected into the rectum 5-86
grms. of chloral hydrate. There is also on record a case in which, for
the purpose of producing surgical anmsthesia, 6 grms. of chloral were
injected into the veins ; the man died in a8 many minutes.t

* C. Ph. Falck has divided the symptoms into—(1) preliminary hypnotic ; (2) an
adynamic state ; and (3) a comatose condition.

+ This dangerous practice was introduced by M. Ore. In a case of traumatic
tetanus, in which M, Ore injected into the veins 9 grms. of chloral in 10 grms. of
water, there was profound insensibility, lasting eleven hours, during which time a
painful operation on the thumb was performed. The next day 10 grms, were in-
jected, when the insensibility lasted eight hours ; and 9 grms. were injected on each
of the two following days, The man recovered. In another case, Ore anesthetised
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which 3:12 grms. had been taken, the patient lived an hour; and in
another, after a dose of 5 grms., recorded by Jolly, death took place
within a quarter of an hour.

§ 198. Symptoms.—With moderate doses there are practically no
symptoms, save a drowsiness coming on imperceptibly, and followed by
heavy sleep. With doses up to 2 grms, (30°8 grains), the hypnotic state
is perfectly under the command of the will, and if the person chooses to
walk about or engage in any occupation, he can ward off sleep ; but with
those doses which lead to danger, the narcosis is completely uncontrol-
lable, the appearance of the sleeper is often strikingly like that of a
drunken person. There is great diminution of temperature commencing
in from five to twenty minutes after taking the dose—occasionally sleep
is preceded by a delirious state. During the deep slumber the face is
much flushed, and in a few cases the sleep passes directly into death
without any marked change. In others, symptoms of collapse appear,
and the patient sinks through exhaustion.

With some persons doses, which, in themselves, are insufficient to
cause death, yet have a peculiar effect on the mental faculties. A case
of great medico-legal interest is described by the patient himself, Dr.
Manjot.* He took in three doses, hourly, 12 grms. of chloral hydrate.
After the first dose the pain, for which he had recourse to chloral,
vanished ; but Manjot, although he had all the appearance of being per-
fectly conscious, yet had not the slightest knowledge of what he was
doing or speaking. He took the other two doses, and sank into a deep
sleep which lasted twelve hours. He then awoke and answered ques-
tions with difficulty, but could not move; he lay for the next twelve
hours in a half slumber, and the following night slept soundly—to wake
up recovered.

§ 199. The treatment of acute chloral poisoning which has been most
successful is that by strychnine injections, and the application of
warmth to counteract the loss of temperature which is so constant a
phenomenon.  As an illustration of the treatment by strychnine, an
interesting case recorded by Levinstein { may be quoted.

A man, 35 years old, took at one dose, for the purpose of suicide,
24 grms. of chloral hydrate. In half an hour afterwards he was
found in a deep sleep, with flushed face, swollen veins, and a pulse 160
in the minute. After a further half hour, the congestion of the head
was still more striking ; the temperature was 39°5°; the pulse hard and
bounding 92 ; the breathing laboured, at times intermittent.

Artificial respiration was at once commenced, but, in spite of this, in
about another half-hour the face became deadly pale, the temperature
sank to 32:9°. The pupils contracted and the pulse was scarcely to be

* Gaz. des Hop., 1876. 1 Vierteljahrsachr. f. ger. Med., Bd. xx., 1874.
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§ 201. Excretion of Chloral.—Chloral hydrate is separated in the
urine partly as urochloral acid (CgH,,C;0,). Butylchloral is separated
as urobutylchloral acid (C,,H,;;Cl,0,). Urochloral acid is crystalline,
soluble in water, in alcohol, and in ether, reduces copper from Fehling’s
solution, and rotates a ray of polarised light to the left. Urochloral
acid, on boiling with either dilute sulphuric or hydrochloric acid, splits
up into trichlorethyl alcohol and glycuronic acid—

C,H,,C1,0, + H,0 - C,H,CL0 + C,H,,0,.

Trichloralcohol is an oily fluid (boiling-point 150°-152°) ; it yields by
oxidation trichloracetic acid.

Urobutylchloral acid gives, on treatment with mineral acids, trichlor-
butyl alcohol and glycuronic acid.

To separate urochloral acid from the urine the following process has
been found successful :—

The urine is evaporated to a syrup at the heat of the water-bath,
and then strongly acidulated with sulphuric acid and repeatedly shaken
out in a separating tube with a mixture of 3 vols. of ether and 1 vol. of
alcohol. The ether-alcohol is separated and distilled off, the acid resi-
due is neutralised with KHO, or potassic carbonate, and evaporated ;
the dry mass is then taken up with 90 per cent. alcohol, the filtrate
precipitated with ether, and the precipitate washed with ether and
absolute alcohol.

Next the precipitate is boiled with absolute alcohol and filtered hot.
On cooling, the potassium salt of urochloral acid separates out in tufts
of silky needles. The crystals are dried over sulphuric acid and again
washed several times with absolute, alcohol and ether to remove
impurities. ’

To obtain the free acid, the potassium salt is dissolved in a little
water and acidulated with hydrochloric acid ; the liquid is then shaken
out in a separating tube, with a mixture of 8 vols. of ether and 1 of
alcohol. The ether-alcohol is distilled off, the residue treated with
moist silver oxide until no farther separation of silver chloride occurs,
the silver chloride is separated by filtration, the soluble silver salt decom-
posed by SH,, and the filtrate carefully evaporated to a syrup; after a
few hours, the acid crystallises in stars of needles.

Urobutylchloral acid can be obtained in quite a similar way.*

§ 202. Separation of Chloral from Organic Matters.—It will be
most convenient to place the organic fluid or pulped-up solid, mixed
with water, in a retort, to acidify with tartaric acid, and to distil.

Chloral hydrate distils over from a liquid acidified with tartaric

* V. Mering u. Musculus, Ber., viii. 662 ; v. Mering, tbid., xv. 1019 ; E. Kulz,
Ber.. xv. 1638.
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antimony ; but, on the addition of a few drops of acid, the antimony
falls as an orange-yellow precipitate, while, if chloral alone is present,
there is a light white precipitate of sulphur.

VII.—Minor Ansesthetics and Narcotics.

§ 203. When chlorine acts upon marsh-gas, the hydrogen can be displaced atom
by atom ; and from the original methane (CH,) can be successively obtained chloro-
methane or methyl chloride (CH;Cl), dichloromethane, or methene dichloride,
methylene dichloride (CH,Cly), trichloromethane, or chloroform (CHCl,), already
described, and carbon tetrachloride (CCl,). All these are, more or less, capable of
producing ansthesia ; but none of them, save chloroform, are of any toxicological
importance.

Methene dichloride, recommended by Sir B, W. Richardson as an anesthetic, has
come somewhat into use. It is a colourless, very volatile liquid, of specific gravity
1°360, and boiling at 41°. It burns with a smoky flame, and dissolves iodine with a
brown colour.

§ 204, Pentane (C,H,,).—There are three isomers of pentane; that which is
used as an anesthetic is normal pentane, CHg - CH, - CH; - CHy - CHj ; its boiling -
point is 37-38.° It is one of the constituents of petroleum ether.

Under the name of ‘‘Pental” it is used in certain hospitals oxtensively, for
instance, at the Kaiser Friederich’s Children’s Hospital, Berlin.* It is stated to
have no action on the heart.

One death t has been recorded from its use:—A lad, aged 14, was put under
pental for the purpose of having two molars painlessly extracted. He was only a
minute or two insensible, and 4-5 grms. of pental was the quantity stated to have
been inhaled. The boy spat out after the operation, then suddenly fainted and died.
The post-mortem showed adema of the lungs ; the right side of the heart was empty.
The organs of the body smelled strongly of pental.

0
§ 205. Aldehyde (Acetaldehyde), CgH,O or CH; - C<H, a fluid obtained by the

careful oxidation of alcohol (boiling-point, 20-8°), is in large doses toxic ; in smaller,
it acts as a narcotic.

Metaldehyde (C,1{,0,);, obtained by treating acetaldehyde at a low temperature
with hydrochloric acid. It occurs in the form of prisms, which sublime at about
112°; it is also poisonous.

§ 206. Paraldehyde (C4H,;0,)is a colourless fluid, boiling at 124° ; specific gravity
‘998 at 15°. By the action of cold it may be obtained in crystals, the melting-
point of which is 10-5°. It is soluble in eight parts of water at 13°; in warm water
it is less soluble ; hence, on warming a solution, it becomes turbid. Paraldehyde is
said to paralyse the anterior cornua of spinal cord. In two recorded cases$ of
poisoning there was unconsciousness, perspiration, shallow breathing, and inter-
mittent pulse.

Treatment with amyl nitrite and strychnine has proved effective,

§207. Somoform.§—This isa mixture of ethyl chloride, 85 parts; methy! chloride,

* Zeit, f. Kinderheilk., Bd. iii.-iv., 1893.

t Dr. Bremue, Vierteljahrsschr. f. gerichtliche Medicin, Bd. v., 1893,
1 Lancet, Sept. 23, 1900, 875 ; and Sept. 6, 1902,

§ Proc. Physiol. Soc., xxv., 1908,
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The sulphones described above may be shaken out of a feebly alkaline solution
by ether.

Organic mutters are extracted by 90 per cent. hot alcohol ; the liquid is cooled,
filtered and freed from alcohol by distillation ; the residual liquid is filtered while hot,
made feebly alkaline by means of KHO, and shaken out in a separating funnel by ether.
The ethereal solution is evaporated to dryness and leaves the sulphone in the form of
white crystals. That it is a sulphone may be proved as follows: fused with sodium-
peroxide, an orange-red mass results. A solution in water gives with sodium nitro-
prusside a purple colour, showing the presence of a polysulphide ; sulphur separates
when the mass is treated with hydrochloric acid, and a solution of chloride of barium
precipiiates barium sulphate. A melting-point should be taken ; as before stated,
sulphonal melts at 126°, trional at 75°, and tetronal at 85°, all temperatures so far
apart as to admit of practical application for the purposes of identification.

§ 209. Veronal.—Diethyl-malonyl carbamide, and ethyl-butyryl carbamide,
diethyl-malonyl carbamide, and dipropyl-malonyl carbamide, all have a narcotic
action, the first being as powerful as sulphonal, and the last four times as strong.*

Diethyl-malonyl carbimide or diethyl-barbeturic acid is in commerce under the
name of veronal, and consists of small colourless transparent crystals melting at
190° C. The crystals are soluble in 145 parts of water at 20°, freely soluble in alcohol
and in ether. Boiled with caustic alkali it is converted into diethyl-malonic acid,
which, melting at 120° C., at above 170° forms CO, and diethyl-acetic acid.

One death (suicidal) from veronal is reported to have taken place in Cornwall in
May 1904,

Dr. G. Fernandez Clarke t records a case in which 34 grammes were taken for
several nights, causing narcosis and erythematosis, the coma alternating with
delirium.

VIII.—Bisulphide of Carbon.

§ 210. Bisulphide of carbon—carbon disulphide, carbon sulphide
(CS,;) —is a colourless, volatile fluid, strongly refracting light. Commer-
cial samples have a most repulsive and penetrating odour, but chemi-
cally pure carbon sulphide has a smell which is not disagreeable. The
boiling-point is 47°; the specific gravity at 0° is 1-293. It is very
inflammable, burning with a blue flame, and evolving sulphur dioxide ;
is little soluble in water, but mixes easily with alcohol or ether.
Bisulphide of carbon, on account of its solvent powers for sulphur,
phosphorus, oils, resins, caoutchouc, gutta-percha, etc., is in great
request in certain industries. It is also utilised for disinfecting purposes,
the liquid being burnt in a lamp.

§ 211. Poisoning by Carbon Bisulphide.—In spite of the cheapness
and numerous applications of this liquid, poisoning is very rare. There
appears to be a case on record of attempted self-destruction by this
agent, in which a man took 2 ozs. (567 c.c.) of the liquid, but without
a fatal result. The symptoms in this case were pallor of the face,
wide pupils, frequent and weak pulse, lessened bodily temperature, and

* E. Fischer and von Mering (Chem. Centr., 1903, i.).
+ Laneet, Jun. 28, 1904.
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six weeks in a caoutchouc factory, suffered from mental weak-
ness and digestive troubles; there were ansesthesia and algesis of the
whole skin. In these advanced cases the mental debility is very pro-
nounced, and there is also weakness of the muscular system. Paralysis
of the lower limbs has been noted, and in one instance a man had his
right hand paralysed for two months. It secems uncertain how long a
person is likely to suffer from the effects of the vapour after he is
removed from its influence. If the first stage of poisoning only is
experienced, then recovery is generally rapid; but if mental and
muscular weakness and anesthesia of the skin have been developed, a
year has been known to elapse without any considerable improvement,
and permanent injury to the health may be feared.

§ 212. Post-mortem Appearances.—The pathological appearances
found after sudden death from disulphide of carbon are but little
different to those found after fatal chloroform breathing.

§ 213. Detection and Separation of Carbon Disulphide.—The
extreme volatility of the liquid renders it easy to separate it from
organic liquids by distillation with reduced pressure in a stream of CO,.
Carbon disulphide is best identified by (1) Hofman’s test, viz., passing
the vapour into an ethereal solution of triethyl-phosphin, (C,H;),P.
Carbon disulphide forms with triethyl-phosphin a compound which
crystallises in red scales. The crystals melt at 95° C., and have the
following formula—P(C,H,),CS,. This will detect 0°54 mgrm. Should
the quantity of bisulphide be small, no crystals may be obtained, but
the liquid will become of a red colour. (2) CS, gives, with an alcoholic
solution of potash, a precipitate of potassic xanthate, CS,C,H,OK.

§ 214, Xanthogenic acid or ethyloxide-sulphocarbonate (CS,C;H,OH) is pre-
pared by decomposing potassic xanthogenate by diluted hydrochloric or sulphuric
acid. It is a colourless fluid, having an unpleasant odour, and a weakly acid and
rather bitter taste. It burns with a blue colour, and is easily decomposed at 24°,
splitting up into ethylic alcohol and hydric sulphide. It is very poisonous, and
has an anesthetic action similar to bisulphide of carbon. Its properties are probably
due to CS; being liberated within the body.

§ 215, Potassic xanthogenate (CS,C;H,OK) and potassic xanthamylate
(CS4C;H,,0K) (the latter being prepared by the substitution of amyl alcohol for ethyl
alcohol), both on the application of a heat below that of the body, develop C8,, and
are poisonous, inducing symptoms very similar to those already detailed. Reid Hunt
states that the fatal dose of pot. xanthogenate for rodents (mice) lies between 0°4 and
05 grm. per kilo. of body weight ; in non-fatal doses it is antagonistic to nitrates.

IX.—The Tar Acids —Phenol—Cresol.
§ 216. Carbolic Acid. Syn. Phenol, Phenol Alcohol, Phenylic
Hydrate ; Phenic Acid; Coal-Tar Creasote.—The formula for carbolic
acid is C;H,HO. The pure substance appears at the ordinary tempera-
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part of carbolic acid and 4 parts of glycerin, that is, strength by measure =
20 per cent. The Pharmacopceia Germanica has a liguor natrs carbolics
made with 5'parts carbolic acid, 1 caustic soda, and 4 of water ; strength
in carbolic acid = 50 per cent. There is also a strongly alkaline crude
sodic carbolate in use as a preservative of wood. The Privy Council
order of July 26, 1900, declares that liquid preparation of carbolic acid
and its homologue containing more than 3 per cent. of phenols shall,
except in certain cases connected with agriculture and horticulture, be
declared poisous within the meaning of the Pharmacy Act, 1868.

There are various disinfecting fluids containing amounts of carbolic
acid, from 10 per cent. upwards. Many of these are somewhat complex
mixtures, but, as a rule, any poisonous properties they possess are mainly
due to their content of phenol or cresol. A great variety of disinfecting
powders, under various names, are also in commerce, deriving their
activity from carbolic acid. Macdougall’s disinfecting powder is made by
adding a certain proportion of impure carbolic acid to a calcic sulphite,
which is prepared by passing sulphur dioxide over ignited limestone.

Calvert’s carbolic acid powder is made by adding carbolic acid to
the siliceous residue obtained from the manufacture of aluminic sulphate
from shale. There are also various carbolates which, by heating or de-
composing with sulphuric acid, give off carbolic acid.

Carbolic acid soaps are also made on a large scale—the acid is free,
and some of the soaps contain as much as 10 per cent. In the inferior
carbolic acid soaps there is little or no carbolic acid, but cresylic takes
its place. Neither the soaps nor the powders have hitherto attained
any toxicological importance, but the alkaline carbolates are very
poisonous.

§ 218. The chief uses of carbolic acid are indicated by the foregoing
enumeration of the principal preparations used in medicine and com-
merce. The bulk of the carbolic acid manufactured is for the purposes
of disinfection. It is also utilised in the preparation of certain colouring
matters or dyes, and during the last few years has had another applica-
tion in the manufacture of salicylic acid. In medicine it is administered
occasionally internally, while the antiseptic movement in surgery,
initiated by Lister, has given it great prominence in surgical operations.

§ 219. Statistics.—The tar acids, t.e. pure carbolic acid and the
impure acids sold under the name of carbolic acid, but consisting (as
stated before) mainly of cresol, are, of all powerful poisons, the most
accessible, and the most recklessly distributed. We find them at the
bedside of the sick, in back-kitchens, in stables, in public and private
closets and urinals, and, indeed, in almost all places where there are
likely to be foul odours or decomposing matters. It is, therefore, no
wonder that poisoning by carbolic acid has, of late years, assumed large
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whethor the pure medicinal erystalline phonol or a mixture of tar-acida
waa tho causo of poisoning.

§ 220. Fatal Dose.—Tho minimum fatal dose for onta, dogs, and
rabbits, appoars to bo lows thau "8 grm. poer kilogramme,  Falek has put
the minimum lothal dose for man at 186 grms. (231°h graine), which
would bo about *2 per kilo,, basing his eatimate on tho following reason-
ing. In 83 onsos he had a fairly exact record of the amount of ncid
taken, and out of the 33, he solocts only those oasea which are of use
for the devision of the queation. Among adults, in § cases the dose
was 30 grms, and all the 0 canes torminated by death, in times
varying from fivo minutes to an hour and a half. By other 5 adults
a doso of 15 grimm, was taken; of the 5, 3 mon and n woman died,
in times varying from forty-five minutes to thirty hours, while 1 woman
recovered.  Doses of 115, 108, and 9 grms, were taken by different
men, and recovered from ; on the other hand, n suicide who took one
and & half tonspoonful (about 6 grma) of the concontrated acid,
died in fifty minutes.  Doses of *3 to 3 grms, have caused symptoms of
poisoning, but the patients rocovered, while higher doses than 16 grns,
in 12 onses, with only one excoption, oauned death.  Henee, it may be
considered tolerably well established, that 15 grma, (231'H grains) may
be takon as representing the minimum lethal dose.

The largest dose from which & person appears to have recovered in
probably that given in a case recorded by Davidson, in which 160 grma,
of orude carbolio acid had been taken. It must, howover, be remembored
that, as this was the impuro acid, only half of it would be really carbulie
acid, The Gorman Pharmacopain preseribes as a maximum dose 0b
grm. (‘8 grain) of tho orystallised acid, and a daily maximum quantity
given in divided doses of *15 grm, (2'3 grains).

§ 221, Effects on Animals.—(Carholio acid ix poisonous to both
animal and vogetable lifo,

Infusoria.— Ono part of the acid in 10,000 parts of water rapidly
kills vilinted animalonles—tho movements hecome sluggish, the sarcode
substance darker, and the cilin in a little time coase moving,

Fish.—Ono part of the noid in 7000 of water kills dace, minnows,
ronch, nud gold-fish. In this amount of dilution the effect is not ap-
paront immodiately ; but, at tho end of a fow hours, the movements
of tho fish bocome sluggish, they frequently rise to tho surfaoo to
breatho, and at the end of twenty-four hours are found dead.  Quantitios
of carbolio acid, such as 1 part in 100,000 of water, appear to affeot
tho hoalth of fish, and rendor them more linble to be attacked by the
fungus growth which is o dostructive to fish.life in cortain yoars.

Frogs.—If ‘01 to *02 grm. of oarbolic noid be dissolved in o litre
of water in which n frog is placed, thero is almost immediately signs of
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uneasiness in the animal, showing that pain from local contact is
experienced ; a sleepy condition follows, with exaltation of reflex
sensibility ; convulsions succeed, generally, though not always; then
reflex sensibility is diminished, ultimately vanishes, and death occurs;
the muscles and nerves still respond to the electric current, and the heart
beats, but slowly and weakly, for a little after the respiration has ceased.

§ 222. Warm-blooded Animals—For a rabbit of the average weight
of 2 kilos., *15 grm. is an active dose, and ‘3 a lethal dose (that is ‘15
per kilo.). The sleepy condition of the frog is not noticed, and the chief
symptoms are clonic convulsions with dilatation of the pupils, the
convulsions passing into death, without a noticeable paralytic stage.
The symptoms observed in poisoned dogs are almost precisely similar,
the dose, according to body weight, being the same. It has, however,
been noticed that with doses large enough to produce convulsions, a
weak condition has supervened, causing death in several days. There
appears to be no cumulative action, since equal toxic doses can be
given to animals for some time, and the last dose has no greater effect
than the first or intermediate ones. The pathological appearances met
with in animals poisoned by the minimum letbal doses referred to are
not characteristic ; but there isa remarkable retardation of putrefaction.

Meili * has studied the relative lethal effects on rabbits of phenol
and the cresols. Meta-cresol he found less poisonous than phenol, the
deadly dose being 0'5 grm, per kilo. ; phenol, less poisonous than ortho-
and para-cresol ; and the latter most poisonous of all.

Karl Tollens,t experimenting on cats, mice, and frogs, gave the follow-
ing results : —

FATAL DOSE IN GRMS. PER KILOGRAMME OF BODY WEIGHT.

Cats. Mice. Frogs.

Phenol, .. e e .. 0-09 0:35 0-10

Para-cresol, . . . . . . . 008 015 0-15

Ortho- ,, e 009 035 020

Meta- ,, s 012 0-45 025

Carbolate of soda reckoned in weight of phenol, . 0-35 0-10

Cresolate of soda in terms of cmsn%—

Para-cresol, . 015 015
Ortho- ,, 0-356 0-20 ;
Meta- ,, . 0-45 025 .

I. Crude cresol, 035 020
IL. » . 0-25 0-20 |
L ' e e 0-20 0.20"
I. Liq. cresol saponis in terms of cresol, 0-30 015 -
L ” ” ” ” 0-25 0°15

., " " " 020 015

* Dissertation. Berne, 1891.
t Archiv. f. experiment. Path. u. Pharm., Bd. lii. 8, 239.
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§ 223. Symptoms in Man, external application.—A 5 per cent.
solution of carbolic acid, applied to the skin, causes a peculiar numbness,
followed, it may be, by irritation. Young subjects, and those with
sensitive skins, sometimes exhibit a pustular eruption, and concentrated
solutions cause more or less destruction of the skin. Lemaire * describes
the action of carbolic acid on the skin as causing a slight inflammation,
with desquamation of the epithelium, followed by a very permanent
brown stain; but this he alone has observed. Applied to the mucous
membrane, carbolic acid turns the epithelial covering white; the
epithelium, however, is soon thrown off, and the place rapidly heals;
there is the same numbing, aconite-like feeling before noticed. The
vapour of carbolic acid causes redness of the conjunctive, and irritation
of the air-passages. If the application is continued, the mucous mem-
brane swells, whitens, and pours out an abundant secretion.

Dr. Whitelock, of Greenock, has related two instances in which
children were treated with carbolic acid lotion (strength 2} per cent.) as
an application to the scalp for ringworm ; in both, symptoms of poisoning
occurred—in the one, the symptoms at once appeared; in the other,
they were delayed some days. In order to satisfy his mind, the
experiment was repeated twice, and each time gastric and urinary
troubles followed.

Nussbaum, of Munich, records a caset in which symptoms were
induced by the forcible injection of a solution of carbolic acid into the
cavity of an abscess.

Macphail } gives two cases of poisoning by carbolic acid from
external use. In the one, a large tumour had been removed from a
woman aged 30, and the wound covered with gauze steeped in a solution
of carbolic acid, in glycerin, strength 10 per cent. ; subsequently, there
was high fever, with diminished sulphates in the urine, which smelt
strongly of carbolic acid, and was very dark. On substituting boracic
acid, none of these troubles were observed. The second case was that
of a servant suffering from axillary abscess; the wound was syringed
out with carbolic acid solution, of strength 2} per cent., when effects
were produced similar to those in the first case. It was noted that in
both these cases the pulse was slowed. J. A. Raubenheimer (Lancet,
April 18, 1903) describes the case of a child aged 6, prepared for
operation on genu valgum of both sides, by the nurse, who wrapped the
legs from the ankles to the groin with towels impregnated with carbolic
acid (1: 40); in an hour the patient was sleepy, in two hours unconscious,

* Lemaire, Jul., De I’ dcide phenique, Paris, 1864,

1 Leitfaden zur antiseptischer Wundbehandlung, 141.

$ ¢“Carbolic Acid Poisoning (Surgical),” by 8. Rutherford Macphail, M.B., Ed.
Med. Jowrnal ccexiv., Aug. 1881, p. 184,
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the centre of an erysipelatous inflammation. To this place a 2 per cent.
solution of carbolic acid was applied by means of a compress steeped in
the acid ; the following morning the temperature rose from 365° (97-7°
F.) to 37° (98:6° F.), and poisonous symptoms appeared. The urine
was coloured dark. There were sweats, vomitings, and contracted
pupils, spasmodic twitchings of the eyelids and eyes, with strabismus,
slow respiration, and, lastly, inability to swallow. Under the influence
of stimulating remedies the condition temporarily improved, but the
child died twenty-three and a half hours after the first application. An
examination showed that the vessels of the brain and the tissue of the
lungs were abnormally full of blood. The liver was softer than natural,
and exhibited a notable yellowishness in the centre of the acini. Some-
what similar appearances were noticed in the kidneys, the microscopic
examination of which showed the tubult contort: enlarged and filled with
fatty globules. In several places the epithelium was denuded, in other
places swollen, and with the nuclei very visible.

In an American case,* death followed the application of carbolic
acid to a wound. A boy had been bitten by a dog, and to the wound,
at 1 o'clock in the afternoon, a lotion, consisting of nine parts of
carbolic acid and one of glycerin, was applied. At 7 o'clock in the
evening the child was unconscious, and died at 1 o’clock the following
day.

§ 224. Internal Administration.—Carbolic acid may be taken into
the system, not alone by the mouth, but by the lungs, as in breathing
carbolic acid spray or carbolic acid vapour. It is also absorbed by the
skin when outwardly applied, or in the dressing or the spraying of
wounds with carbolic acid. Lastly, the ordinary poisonous effects have
been produced by absorption from the bowel, when administered as an
enema. When swallowed undiluted, and in a concentrated form, the
symptoms may be those of early collapse, and speedy death. Hence,
the course is very similar to that witnessed in poisoning by the mineral
acids.

If lethal, but not excessive doses of the diluted acid are taken, the
symptoms are—a burning in themouth and throat, a peculiarly unpleasant
persistent taste, and vomiting. There is faintness with pallor of the
face, which is covered by a clammy sweat, and the patient soon becomes
unconscious, the pulse small and thready, and the pupils sluggish to
light. The respiration is profoundly affected ; there is dyspnaa, and the
breathing becomes sballow. Death occurs from paralysis of the respira-
tory apparatus, and the heart is observed to beat for a little after the
respiration has ceased. All these symptoms may ocour from the applica-
tion of the acid to the skin or to mucous membranes, and have been

American Journal of Piarmacy, vol. li., 4th Ser. ; vol. ix., p. 57, 1879,
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strongly of the acid. It is now established—chiefly by the experiments
and observations of Baumann ¥*—that carbolic acid, when introduced into
the body, is mainly eliminated in the form of phenyl-sulphuric acid,
C,H,HSO,, or more strictly speaking as potassic phenyl - sulphate,
C¢H;KSO,, a substance which is not precipitated by chloride of barium
until it has been decomposed by boiling with a mineral acid. Cresol is
similarly excreted as cresol sulphuric acid, C;H,CH;HSO,, ortho-, meta-,
or para-, according to the kind of cresol injected ; a portion may also
appear as hydro-tolu-chinone-sulphuric acid. Hence it is that, with doses
of phenol or cresol continually increasing, the amount of sulphates natur-
ally in the urine (as estimated by simply acidifying with hydrochloric
acid, and precipitating in the cold with chloride of barium) continually
decreases, and may at last vanish, for all the sulphuric acid present is
united with the phenol. On the other hand, the precipitate obtained by
prolonged boiling of the strongly acidified urine, after filtering off any
BaSO, thrown down in the cold, is ever increasing. '

Thus, a dog voided urine which contained in 100 c.c., ‘262 grm. of
precipitable sulphuric acid, and ‘006 of organically-combined sulphuric
acid; his back was now painted with carbolic acid, and the normal
proportions were reversed, the precipitable sulphuric acid became
‘004 grm., while the organically-combined was *190 in 100 c.c. In
addition to phenyl-sulphuric acid, it is now sufficiently established {

that hydroquinone (CGH,gg) (paradihydroxyl phenol) and pyro-cate-
chin (CGHSE) (orthodihydroxyl phenol) are constant products of a

portion of the phenol. The hydroquinone appears in the urine, in the
first place, as the corresponding ether-sulphuric acid, which is colourless ;
but a portion of it is set free, and this free hydroquinone (especially in
alkaline urine) is quickly oxidised to a brownish product, and hence the
peculiar colour of the urine. Out of dark coloured carbolic acid urine the
hydroquinone and its products of decomposition can be obtained by shak-
ing with ether; on separation of the ether, an extract is obtained,
reducing alkaline silver solution, and developing quinone on warming
with ferric chloride. :

To separate pyro-catechin, 200 c.c. of urine may be evaporated to an
extract, the extract treated with strong alcohol, the alcoholic liquid
evaporated, and the extract then treated with ether. On separation and
evaporation of the ether a yellowish mass is left, from which the pyro-
catechin may be extracted by washing with a small quantity of water.

* Pfliger's Archiv, xiii., 1876, 289.

+ E. Baumann and C. Preuss, Zeitschrift f. phys. Chemse, iii. 166 ; Anleitung zur

Harn-Analyse, W. F. Lobisch, Leipzig, 1881, pp. 142, 160 ; Schmiedeberg. Chem.
Centrdl. (3), 13, 598.






186 POISONS : THEIR EFFECTS AND DETECTION. [§ 229.

or of their putrefaction. The amount excreted by healthy men when
feeding on mixed diet, Engel,* by experiment, estimates to be in the
twenty-four hours 15 mgrms.

§ 229. Post-mortem Appearances.—No fact is better ascertained
from experiments on animals than the following:—That with lethal
doses of carbolic acid, administered by subcutaneous injection, or intro-
duced by the veins, no appearances may be found after death which
can be called at all characteristic. Further, in the cases in which death
has occurred from the outward application of the acid for the cure of
scabies, etc., no lesion was ascertained after death which could—apart
from the history of the case and chemical evidence—with any confidence
be ascribed to a poison,

On the other hand, when somewhat large doses of the acid are taken
by the mouth, very coarse and appreciable changes are produced in the
upper portion of the alimentary tract. There may be brownish,
wrinkled spots on the cheek or lips ; the mucous membrane of the mouth,
throat, and gullet is often white, and if the acid was concentrated,
eroded. The stomach is sometimes thickened, contracted, and blanched,
a condition well shown in a pathological preparation (ix. 206, 43 f) in
St. George’s Hospital. The mucous membrane, indeed, may be quite as
much destroyed as if a mineral acid had been taken. Thus, in Guy’s
Hospital museum (1799%), there is preserved the stomach of a child
who died from taking accidentally carbolic acid. It looks like a piece
of paper, and is very white, with fawn-coloured spots; the rug® are
abgent, and the mucous membrane seems to have entirely vanished.
Not unfrequently the stomach exhibits white spots with roundish edges.
The duodenum and upper part of the small intestine is often affected (see
a preparation in St. Bartholomew’s Museum, 1949, ¢), and the action
is not always limited to the first part of the intestine.

The respiratory passages are often inflamed, and the lungs in-
filtrated and congested. As death takes place from an asphyxiated
condition, the veins of the head and brain, and the blood-vessels of the
liver, kidney, and spleen, are gorged with blood, and the right side of
the heart distended, while the left is empty. On the other hand, a
person may die of sudden nervous shock from the ingestion of a large
quantity of the acid, and in such a case the post-mortem appearances
will not then exhibit precisely the characters just detailed. Putrefaction
is retarded according to the dose, and there is often a smell of carbolic
acid.t If any urine is contained in the bladder, it will probably be
dark, and present the characters of carbolic urine, detailed at p. 183.

* Annal. de Chimie et de Physique, b 8er. T. xx. p. 280, 1880.
t In order to detect this odour, it is well to open the head first, lest the putre-
fuction of the internal viscera be so great as to mask the odour.
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That bromine-water precipitates several volatile and fixed alkaloids
from their solutions is no objection to the bromine test, for it may be
applied to a distillation product, the bases having been previously fixed
by sulphuric acid. Besides, the properties of tri-bromo-phenol are
distinct enough, and therefore there is no valid objection to the test.
It is the best hitherto discovered. There are also other reactions, such
as that Millon’s reagent strikes a red—molybdic acid, in concentrated
sulphuric acid, a blue—aud potassic dichromate, with sulphuric acid, a
brown colour—but to these there are objections. Again, we have the
Euchlorine test, in which the procedure is as follows:—A test tube is
taken, and concentrated hydrochloric acid is allowed to act therein upon
potassic chlorate. After the gas has been evolved for from 30 to 40
seconds, the liquid is diluted with 1} volume of water, the gas removed
by blowing through a tube, and solution of strong ammonia poured in
80 as to form a layer on the top; after blowing out the white fumes of
ammonium chloride, a few drops of the sample to be tested are added.
In the preseuce of carbolic acid, a rose-red, blood-red, or red-brown tint
is produced, according to the quantity present. Carbolic acid may be
confounded with cresol or with creasote, but the distinction between pure
carbolic acid, pure cresol, and creasote is plain.

_OH
§ 232, Cresol (Cresylic Acid, Methyl-phenol), CGH4<C —There
HB

are three cresols—ortho-, meta-, and para-. Ordinary commercial cresol
is a mixture of the three, but contains but little ortho-cresol; the more
important properties of the pure cresols are set out in the following
table :—Pure ortho-, meta-, or para- cresol have been obtained by
synthetical methods ; they cannot be said to be in ordinary commerce.

Melting-point. Boiling-point. Converted by fusiou
Ortho-,. . 31-31:6° C. 188°0° i Salicylic acid
(Ortho-oxybenzoic
acid).
Meta-, . . Fluid at ordinary 201-0° Meta-oxybenzoic
temperature. acid.
Pura-, . . 36° 198° Para-oxybenzoic acid.

Commercial cresol is at ordinary temperatures a liquid, and
cannot be obtained in a crystalline state by freezing. Its boiling-point
is from 198° to 203°; it is almost insoluble in strong ammonia, and,
when 16 volumes are added, it then forms crystalline scales. On the
other hand, carbolic acid is soluble in an equal volume of ammonia,
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§ 234. Carbolic Acid in Organic Fluids or in the Tissues of the
Body.—If the routine process given at page 49, where the organic
fluid is distilled in a vacuum after acidifying with tartaric acid, is
employed, phenol or cresol, if present, will certainly be found in the
distillate. If, however, a special search be made for the acids, then the
fluid must be well acidified with sulphuric acid, and distilled in the
usual way. The distillation should be continued as long as possible,
and the distillate shaken up with ether in the apparatus figured at
page 163. On separation and evaporation of the ether, the tar acids,
if present, will be left in a pure enough form to show their reactions. The
same process applies to the tissues, which, in a finely-divided state, are
boiled and distilled with dilute sulphuric acid, and the distillate treated
as just detailed.

Like most poisons, carbolic acid has a selective attraction for certain
organs, so that, unless all the organs are examined, it is by no means
indifferent which particular portion is selected for the inquiry. Hoppe-
Seyler applied carbolic acid to the abdomen and the thighs of dogs,
and when the symptoms were at their height bled them to death, and
separately examined the parts. In one case, the blood yielded ‘00369
per cent. ; the brain, ‘0034 per cent. ; the liver, 00125 ; and the kidneys,
‘00423 per cent. of their weight of carbolic acid. The liver then
contains only one-third of the quantity found in an equal weight of
blood, and, therefore, the acid has no selective affinity for that organ.
On the other hand, the nervous tissue, and especially the kidneys,
appear to concentrate it. P. G. Menegazzi (L'orosi, xxi., 1898), from
a poisoned rabbit, failed to extract from the tissues, etc., more than
292 per cent. of the phenol administered ; which is not surprising,
seeing the chemical changes it is liable to undergo.

§ 235. Examination of the Urine for Phenol or Cresol.—It has
been previously stated (see p. 184) that the urine will not contain these
a8 such, but as compounds—rviz., phenyl or cresyl sulphate of potassium.
By boiling with a mineral acid, these compounds may be broken up,
and the acids obtained, either by distillation or by extraction with ether.
To detect very minute quantities, a large quantity of the urine should
be evaporated down to a syrup, [and treated with hydrochloric acid and

lessened reflex action; the temperature was almost normal. There was rattling
breathing, and in half an hour the animal died, the respiration ceasing, and
fluid blood escaping from the nose. Section after death showed the brain to be
hyperemic, the mucous membranes of the air-passages to be covered with a thin
layer of fluid blood, and the lungs to be congested ; the right side of the heart was
gorged with fluid blood.

The post-mortem appearances and the symptoms generally are, therefore, closely
allied to those produced by carbolic acid. A dark colour of the urine has also been
noticed.






192 POISONS : THEIR EFFECTS AND DETECTION. (§ 237.

2. A solution of bromine in water.

3. Solution of alum in dilute sulphuric acid. A litre of 10 per cent. sulphuric
acid is shaken with alum crystals until saturated.

The actual process is as follows :—10 grms. of the sample are weighed out and
run into a litre flask, water added, and the mixture shaken. The flask being finally
filled up to the neck, some of the solution is now filtered through a dry filter, and
10 c.c. of this filtrate is placed in a 6 or 8 ounce stoppered bottle, and 80 c.c. of the
alum solution added. In a similar bottle 10 c.c. of the standard solution of carbolic
acid are placed, and a similar quantity of alum solution is added, as in the first bottle,

The bromine-water is now run into the bottle containing the standard solution
of carbolic acid from a burette, until there is no further precipitate ; the bottle is
stoppered and shaken after every addition. Towards the end of the reaction the
precipitate forms but slowly, and when the carbolic acid is saturated, the slight
excess of bromine-water gives the solution a pale yellow tint. The solution from the
sample is treated in the same way, and from the amount of bromine-water used, the
percentage of the sample is obtained by making the usual calculations. Thus, sup-
posing that 5 c.c. of the standard required 15 c.c. of the bromine-water for precipita-
tion, and 10 c.c. of the solution of the sample required 17 c.c., the calculation would
be 15x2:17=100: z per cent. With most samples of erude carbolic acid, the pre-
cipitate does not readily separate. It is then best to add a little of the precipitate
already obtained by testing the standard solution, which rapidly clears the liquid.

Koppeschaar’s volumetric method is more exact, but also more elaborate,
than the one just described. Caustic normal soda is treated with bromine until
permanently yellow, and the excess of bromine is then driven off by boiling. The
liquid now contains 5NaBr+ NaBrO,, and on adding this to a solution containing
carbolic acid, and a sufficient quantity of hydrochloric acid to combine with the
sodium, the following reactions occur :—

(1.) 5NaBr+ NaBrO, + 6HCl =6NaCl + 6Br + 3H,0 ;

and
(2.) CgH,0 + 6Br=C,H,Br,0 + SHBr.

Any excess of bromine liberated in the first reaction above that necessary for the
second, will exist in the free state, and from the amount of bromine which remains
free the quantity of carbolic acid can be calculated, always provided the strength of
the bromine solution is first known. The volumetric part of the analysis, therefore,
merely amounts to the determination of free bromine, which is best found by causing
it to react on potassium iodide, and ascertaining the amount of free iodine by titra-
tion with a standard solution of sodium thiosulphate. In other words, titrate in
this way the standard alkaline bromine solution, using as an indicator starch paste
until the blue colour disappears. Another method of indicating the end of the
reaction is by the use of strips of paper first soaked in starch solution, and dried, and
then the same papers moistened with zinc iodide, and again dried ; the least excess
of bromine sets free iodine, and strikes a blue colour.

Colorimetric Method of Estimation.—A very simple and ever-ready way of
approximately estimating minute quantities of the phenols consists in shaking up
10 grms. of the sample with water, allowing any tar or insoluble impurities to sub-
side. Ten c.c. of the clear fluid are then taken, and half a c.c. of a 5 per cent.
solution of ferric chloride added. The colour produced is imitated by a standard
solution of carbolic acid, and a similar amount of the reagent, on the usual principles
of colorimetric analysis.

§ 237. Oarbolic Acid Powders.—8iliceous carbolic acid powders are placed in a
retort and distilled. Towards the end the heat may be raised to approaching red-
ness. The distillate separates into two portions—the one aqueous, the other con-
sisting of the acids—and the volume may be read off, if the distillate be received in
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the fluid tested with bleaching-powder; or the aniline itself may be
recovered by alkalising the fluid, and shaking up with ether in the
separation tube (p. 163) ; the ether dissolves the aniline, and leaves it,
on spontaneous evaporation, as an oily yellowish mass, which, on the
addition of a few drops of sodic hypochlorite, strikes a blue or violet-
blue—with acids, a rose-red—and with bromine, a flesh-red. It gives
alkaloidal reactions with such general reagents as platinum chloride,
picric acid, etc. Aniline itself may be extracted from the tissues and
fluids of the body by petroleum ether, but in any special search it will
be better to treat the organs as in Stas’ process—that is, with strong
alcohol, acidified with sulphuric acid. After a suitable digestion in this
menstruum, filter, and then, after evaporating the alcohol, dissolve the
alcoholic extract in water; alkalise the aqueous solution, and extract
the aniline by shaking it up with light benzoline. On separating the
benzoline, the aniline will be left, and may be dissolved in feebly-acid
water, and the tests before enumerated tried.

Malpurgo * recommends the following test for nitro-benzene:—2
drops of melted phenol, 3 drops of water, and a fragment of caustic
potash are boiled in a small porcelain dish, and to the boiling liquid the
aqueous solution to be tested is added. On prolonged boiling, if nitro-
benzene is present, a crimson ring is produced at the edges of the
liquid ; this crimson colour, on the addition of a little bleaching-powder,
turns emerald-green.

Oil of bitter almonds may be distinguished from nitro-benzene by
the action of manganese dioxide and sulphuric acid ; bitter almond oil
treated in this way loses its odour, nitro-benzene is unaltered. To apply
the test, the liquid must be heated on the water-bath for a little time.

XI.—Dinitro-Benzol.

§ 247. Dinitro-benzol, C,H (NO,), (ortho-, meta-, para-).—The ortho-
compound is produced by the action of nitric acid on benzol, aided by
heat in the absence of strong sulphuric acid to fix water. Some of the
para-dinitro-benzol is at the same time produced. The meta-compound
is obtained by the action of fuming nitric acid on nitro-benzol at a boiling
temperature.

The physical properties of the three dinitro-benzols are briefly as
follows :—

Ortho-d. is in the form of needles; m.p. 118°.

Meta-d. crystallises in plates; m.p. 90°.

* Zeit. anal. Chem., xxxii. 235.
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As an example of the symptoms produced, one of Mr. Snell’s cases may
be here quoted.

C. F. W, aged 38, consulted Mr. Snell for his defective sight on
April 9, 1892. He had been a mixer at a factory for the manufacture
of explosives, He was jaundiced, the conjunctiva yellow, and the lips
blue. He was short of breath, and after the day’s work experienced
aching of the forearms and legs and tingling of the fingers. The urine
was black in colour, of sp. gr. 1024 ; it was examined spectroscopically
by Mr. MacMunn, who reported the black colour as due neither to
indican, nor to blood, nor bile, but to be caused by some pigment be-
longing to the aromatic series. The patient’s sight had been failing

Diagram of Visual Field.

since the previous Christmas. Vision in the right eye was o, left % ;
both optic papille were somewhat pale. In each eye there was a central
scotoma for red, and contraction of the field (see diagram). The man
gradually gave up the work, and ultimately seems to have recovered.
It is, however, interesting to note that, after having left the work for
some weeks, he went back for a single day to the * mixing,” and was
taken very ill, being insensible and delirious for five hours.

§ 249. The Blood in Nitro-benzol Poisoning.—The effect on the
blood has been specially studied by Huber.* The blood of rabbits
poisoned by dinitro-benzol is of a dark chocolate colour, and the micro-
scope shows destruction of the red corpuscles ; the amount of destruction
may be gathered from the following :—the blood corpuscles of a rabbit
before the experiment numbered 5,888,000 per cubic centimetre ; a day

* Op. et
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after allowing the hydrogen to be developed for at least an hour, make
the fluid alkaline by caustic soda, and extract with ether in a separating
tube; any metaphenylene-diamine will be contained in the ether;
remove the ether into a flask, and distil it off; dissolve the residue in
a little water.

Acidify a solution of sodium nitrite with dilute sulphuric acid; on
adding the solution, if it contains metaphenylene-diamine, a yellow to
red colour will he produced, from the formation of Bismarck brown
(triamido-phenol).

XII.—Hydrocyanic Acid.

§ 251. Hydrocyanic Acid (hydric cyanide)—specific gravity of liquid
0-7058 at 18° C., boiling-point 26:5° (80° F.), HCy = 27.—The anhy-
drous acid is not an article of commerce, and is only met with in the
laboratory. It is a colourless, transparent liquid, and so extremely vola-
tile that, if a drop fall on a glass plate, a portion of it freezes. It hasa
very peculiar peach-blossom odour, and is intensely poisonous. It
reddens litmus freely and transiently, dissolves red oxide of mercury
freely, forms a white precipitate of argentic cyanide when treated with
silver nitrate, and responds to the other tests described hereafter.

§ 252. Medicinal Preparations of Prussic Acid. —The B.P. acid is
a watery solution of prussic acid ; its specific gravity should be 0997,
and it should contain 2 per cent. of the anhydrous acid; 2 per cent. is
also the amount specified in the pharmacopecias of Switzerland and
Norway, and in that of Borussica (V1. ed.) ; the latter ordains, however,
a spirituous solution, and the Norwegian an addition of 1 per cent. of
concentrated sulphuric acid. The French prussic acid is ordered to be
prepared of a strength equalling 10 per cent.

The adulterations or impurities of prussic acid are hydrochloric, sul-
phuric,* and formic acids. Traces of silver may he found in the French
acid, which is prepared from cyanide of silver. Tartaric acid is also
occasionally present. Hydrochloric acid is most readily detected by
neutralising with ammonia, and evaporating to dryness in a water-bath ;
the ammonium cyanide decomposes and volatilises, leaving as a saline
residue chloride of ammonium. This may easily be identified by the
precipitate of chloride of silver, which its solution gives on testing with
silver nitrate, and the deep brown precipitate with Nessler solution.
Sulphuric acid is, of course, detected by chloride of barium ; formic acid
by boiling a small quantity with a little mercuric oxide; if present, the

* A trace of sulphuric or hydrochloric acid should not be called an adulteration,

for it greatly assists the preservation, and therefore makes the acid of greater thera-
peutic efficiency.
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many contain amygdalin, or bodies formed on the type of amygdalin. In
the presence of emulsin (or similar principles) and water, this breaks up
into prussic acid and other compounds—an interesting reaction usually
represented thus—
Cy,Hy;NO,, +2H,0->CNH + C,H 0 + 2C;H,,0,,

1 equivalent of amygdalin—s.e. 457 parts—yielding 1 equivalent of
CNH or 27 parts ; in other words, 100 parts of amygdalin yield theo-
retically 5909 parts of prussic acid,* so that, the amount of either being
known, the other can be calculated from it.

Dunstan and Henryt have discovered three glucosides:—
“dhurrin” in the young plants of the great millet, Sorghum vulgare ;
“lotusin” in Lotus arabiens, a legume indigenous to Egypt; and
‘ phaseo-lunatin ” in the beans of the wild Phaseolus lunatus.

Lotusin, CysHg 06N, is & maltose-cyan-hydrin, one molecule yielding
on hydrolysis, 1 molecule of hydric cyanide, 2 of dextrose, and 1 of
lotoflavin.

Dhurrin, C;;H,;O,N, yields on hydrolysis, hydric cyanide, hydroxy-
benzaldehyde, and dextrose,

Phaseo-lunatin, C,yH,,0,N, may be obtained in rosettes of needle-liko
crystals, m.p. 141°0°. Hydrolysis breaks the glucoside up into hydric
cyanide, acetone, and dextrose,

C,,H;;0,N + H,0 = HCN + C,H,,0, + (CH,),CO.

F. B. Power and F. H. Lees} have isolated from the seeds
of Gynocardata odorata a glucoside which they name gymocardin,
Cy3HyO N, on hydrolysis yielding hydric cyanide, dextrose, and an
acid.

Many cases of death occurring among cattle fed on immature
sorghum have been shown by J. C. Brunnich § to be due to *“dhurrin.

Greshoff|| has discovered an amygdalin-like glucoside in the two
tropical trees Pygeum parviflorum and P. latifolium. The same author
states that the leaves of Gymnema latifolium, one of the Asclepiads,
yields to distillation benzaldehyde hydrocyanide. Both Lasia and
Cyrtosperma, plants belonging to the natural family of the Orontads,

* According to Liebig and Wohler, 17 grms. of amygdalin yield 1 of prussic acid
(i.e. 5°7 per cent.) and 8 of oil of bitter almonds. Thirty-four parts of amygdalin,
mixed with 66 of emulsin of almonds, give a fluid equalling the strength of acid of
most pharmacopceias, viz., 2 per cent.

+ Proc. Roy. Soc., Ixviii., 1901 ; lxxii., 1903.

1 Journ. Chem, Soc., 1xxxix., 1805. § Ib., Ixxxiii., 1908.

II M. Greshoff—‘ Erster Bericht iiber die Untersuchung von Pflanzenstoffen
Niederlindisch-Indiens.”  Mittheilungen aus dem chemisch - pharmakologischen
Laboratorium des botan. Qartens des Staales, vii., Batavis, 1890, Niederlindisch.
Dr. Greshoff’s research indicates that there are several other cyanide-yielding plants
than those mentioned in the text.
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harmless, although it is evident that it also contains a considerable
quantity of prussic acid.

The kernels of the peach contain about 2:85 per cent. amygdalin
(=-17 HCN); those of the plum ‘96 per cent. (=056 HCN); and
apple pips ‘6 per cent. (=035 per cent. HCN). A. Hébert * has
found a few milligrammes of HCN in 100 grammes of the young
shoots of Ribes rubrum ; 0'04 per cent.in the embryo of the fruit of
Eriolotrya japonica, and from 0°01 per cent. to 0:001 per cent. in
various parts of Aquilegia vulgaris at the commencement of vegetation.

It is of great practical value to know, even approximately, the
quantity of prussic acid contained in various fruits, since it has been
adopted as a defence in criminal cases that the deceased was poisoned
by prussic acid developed in substances eaten.

§ 255. Statistics.—Poisoning by the cyanides (prussic acid or
cyanide of potassium) occupies the third place among poisons in order
of frequency in this country, and accounts for about 40 deaths
annually.

In the ten years ending 1903 there were recorded no less than 536
cases of accidental, suicidal, or homicidal poisoning by prussic acid and
potassic cyanide. The further statistical details may be gathered from
the following tables :—

DEATHS IN ENGLAND AND WALES DURING THE TEN YEARS 1894-
1903 FROM PRUSSIC ACID AND POTASSIC CYANIDE.

Prussic AciD (ACCIDENT Prussic Acip (SUICIDE).
OR NEGLIGENCE).
Males, . . .« . . 272
Males, . . . . . .17 Females, . . . . .22
Females, . . . . .2 _
— Total, . 294
Total, .19
OYANIDE OF PoTAssiuM (ACCIDENT PoTAssiuM CYANIDE (SUICIDE).
OR NEGLIGENCE).
Males, . . . . . 166
Males, . . . . . . 80 | Females, . . . . .21
Females, . . . . . b —
_ Total, . 187
Total, . 85

To these figures must be added 1 case of murder by prussic acid.

In order to ascertain the proportion in which the various forms of
commercial cyanides cause death, and also the proportion of accidental,
suicidal, and criminal deaths from the same cause, Falck collated
twelve years of statistics from medical literature with the following
result :—

* Bull, Soc. Chim., iii. 19, 1898,
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for a child potassic cyanide instead of potassic chlorate, and the child
died after the first dose : the chemist, however, convinced that he had
made no mistake, to show the harmlessness of the preparation, drank
some of it, and there and then died; while Dr. Arnold himself, in-
cautiously tasting the draught, fell insensible, and was unconscious for
six hours, '

§ 257. Patal Dose.—Notwithstanding the great number of persons
who in every civilised country fall victims to the cyanides, it is yet
somewhat doubtful what is the minimum dose likely to kill an adult
bealthy man. The explanation of this uncertainty is to be sought
mainly in the varying strength of commercial prussic acid, which
varies from 1:5 (Schraeder’s) to 50 per cent. (Robiquet’s), and also in
the varying condition of the person taking the poison, more especially
whether the stomach be full or empty. In by far the greater number,
the dose taken has been much beyond that necessary to produce death,
but this observation is true of most poisonings.

The dictum of Taylor, that a quantity of commercial prussic acid,
equivalent to 1 English grain (65 mgrm.) of the anhydrous acid, would,
under ordinary circumstances, be sufficient to destroy adult life, has
been generally accepted by all toxicologists. The minimum lethal dose
of potassic cyanide is similarly put at 2-41 grains ('157 grm.). As to
bitter almonds, if it be considered that as a mean they contain 2'5 per
cent. of amygdalin, then it would take 45 grms,, or about 80 almonds,
to produce a lethal dose for an adult; with children less—in fact, 4 to
6 bitter almonds are said to have produced poisoning in a child.

§ 2568. Action of Hydric and Potassic Cyanides on Living Organisms,
—Both hydric cyanide and potassic cyanide are poisonous to all living
forms, vegetable or animal, with the exception of certain fungi. The
cold-blooded animals take a larger relative dose than the warm-blooded,
and the mammalia are somewhat more sensitive to the poisonous action
of the cyanides than birds; but all are destroyed in a very similar
manner, and without any essential difference of action. The symptoms
produced by hydric and potassic cyanide are identical, and, as regards
general symptoms, what is true as to the one is also true as to the other.
There is, however, one important difference in the action of these two
substances, if the mere local action is considered, for potassic cyanide is
very alkaline, possessing even caustic properties. For instance, the
gastric mucous membrane of a woman, who had taken an excessive dose
of potassic cyanide on an empty stomach, was so inflamed and swollen,
that its state was similar to that induced by a moderate quantity of
solution of potash. On the other hand, the acid properties of hydric
cyanide are very feeble, and its effect on mucous membranes or on the
skin in no way resembles that of the mineral acids.
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air-passages. Finally, the convulsions pass into paralysis, abolition of
reflex sensibility, and gradual ceasing of the respiration. With large
doses these different stages may occur, but the course is so rapid that
they are merged the one into the other, and are undistinguishable. The
shortest time between the taking of the acid and the commencement of
the symptoms may be put at about ten seconds. If, however, a large
amount of the vapour is inhaled at once, this period may be rather
lessened. The interval of time is so short that any witnesses generally
unintentionally exaggerate, and aver that the effects were witnessed
before the swallowing of the liquid—‘ As the cup was at his lips”—
‘““He had hardly drunk it,” etc. There is probably a short interval of
consciousness, then come giddiness, and, it may be, a cry for assistance ;
and lastly, there is a falling down in convulsions, and a speedy death.
Convulsions are not always present, the victim occasionally appears to
sink lifeless at once. Thus, in a case related by Hufeland, a man was
seen to swallow a quantity of acid, equivalent to 40 grains of the pure
acid—that is, about forty times more than sufficient to kill him. He
staggered a few paces, and then fell dead, without sound or convulsion,

§ 262. The very short interval that may thus intervene between the
taking of a dose of prussic acid and loss of consciousness, may be utilised
by the sufferer in doing various acts, and thus this interval becomes of
immense medico-legal importance. The question is simply this :—What
can be done by a person in full possession of his faculties in ten seconds?
We have found from experiment that, after drinking a liquid from a
bottle, the bottle may be corked, the individual can get into bed, and
arrange the bedclothes in a suitable manner; he may also throw the
bottle away, or out of the window ; and, indeed, with practice, in that
short time a number of rapid and complicated acts nmay be performed.
This is borne out both by experiments on animals and by recorded
cases.

In Mr. Nunneley’s numerous experiments on dogs, one of the
animals, after taking poison, “ went down three or four steps of the
stairs, saw that the door at the bottom was closed, and came back again.”
A second went down, came up, and went again down the steps of a long
winding staircase, and a third retained sufficient vigour to jump over
another dog, and then leap across the top of a staircase.

In a remarkable case related by Dr. Guy,* in which a young man,
after drinking more wine than usual, was seized by a sudden impulse to
take prussic acid, and drank about 2 drachms, producing symptoms
which, had it not been for prompt treatment, would, in all probability,
have ended fatally—the interval is again noteworthy. After taking the
poison in bed, he rose, walked round the foot of a chest of drawers,

* Forensic Medicine, 4th ed., p. 615.
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symptoms are those of feeble poisoning, headache, giddiness, noises in
the ears, difficult respiration, pain over the heart, a feeling of con-
striction in the throat, loss of appetite, nausea, obstinate coustipation,
full pulse, with pallor and offensive breath. Koritschoner * has made
some observations on patients who were made to breathe at intervals, .
during many weeks, prussic acid vapour, with the idea that such a
treatment would destroy the tubercle bacilli. Twenty-five per cent. of
those treated in this way suffered from redness of the pharynx, saliva-
tion, headache, nausea, vomiting, slow pulse, and even albuminuria.

§ 264. Post-mortem Appearances.t—If we for the moment leave
out of consideration any changes which may be seen in the stomach
after doses of potassic cyanide, then it may be affirmed that the
pathological changes produced by hydric and potassic cyanides mainly
coincide with those produced by suffocation. The most striking
appearance is the presence of bright red spots; these bright red
spots or patches are confined to the surface of the body, the blood
in the deeper parts being of the ordinary venous hue, unless, indeed,
an enormous dose has been taken; in that case the whole mass of
blood may be bright red; this bright colour is due, according to
Kobert, to the formation of cyanmethe@moglobin. The lungs and
right heart are full of blood, and there is a backward engorgement
produced by the pulmonic block. The veins of the neck and the
vessels of the head generally are full of blood, and, in like manner,
the liver and kidneys are congested. In the mucous membrane of
the bronchial tubes there is a bloody foam, the lungs are gorged, and
often wdematous in portions; ecchymoses are seen in the pleura and
other serous membranes; and everywhere, unless concealed by putre-
faction or some strong-smelling ethereal oil, there is an odour of hydric
cyanide.

Casper has rightly recommended the head to be opened and
examined first, so as to detect the odour, if present, in the brain.
The abdominal and chest cavities usually possess a putrefactive smell,
but the brain is longer conserved, so that, if this course be adopted,
there is a greater probability of detecting the odour.

The stomach in poisoning by hydric cyanide is not inflamed, but
if alcohol has been taken at the same time, or previously, there may be
more or less redness.

In poisoning by potassic cyanide, the appearances are mainly the

* Wiener klin. Woch., 1891."

t+ Hydric cyanide has, according to C. Brame, a remarkable antiseptic action,
and if administered in sufficient quantity to animals, preserves them after death for
a month. He considers that there is some more or less definite combination with
the tissues.
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equivalent to 20'1 HCN. It is a white anhydrous precipitate, soluble
either in ammonia or in a solution of cyaunide of potassium. It is
soluble in hot dilute nitric acid, but separates on cooling. A particle
of silver cyanide, moistened with strong ammonia, develops needles ;
silver chloride treated similarly, octahedral crystals. It is insoluble
in water. Upon ignition it is decomposed into CN and metallic silver,
mixed with a little paracyanide of silver.

A very neat process for the identification of cyanide of silver is the
following :—Place the perfectly dry cyanide in a closed or sealed tube,
containing a few crystals of iodine. On heating slightly, iodide of
oyanogen is sublimed in beautiful needles. These crystals again may
be dissolved in a dilute solution of potash, a little ferrous sulphate
added, and hydrochloric acid, and in this way Prussian blue produced.
If the quantity to be tested is small, the vapour of the acid may be
evolved in a very short test tube, the mouth of which is closed by the
ordinary thin discs of microscopic glass, the under surface of which is
moistened with a solution of nitrate of silver; the resulting crystals
of silver cyanide are very characteristic, and readily identified by the
microscope.

(2) If, instead of silver nitrate, the disc be moistened with a solu-
tion of sulphate of iron (to which has been added a little potash), and
exposed to the vapour a short time, and then some dilute hydrochloric
acid added, the moistened surface first becomes yellow, then green, lastly,
and permanently, blue. No other blue compound of iron (with the
exception of Prussian blue) is insoluble in dilute hydrochloric acid.

(3) A third, and perhaps the most delicate of all, is the so-called
sulphur test. A yellow sulphide of ammonium, containing free sulphur,
is prepared by saturating ammonia by SH,, first suspending in the fluid
a little finely-precipitated sulphur (or an old, ill-preserved solution of
sulphide of ammonium may be used). Two watch-glasses are now taken ;
in the one the fluid containing prussic acid is put, and the second (pre-
viously moistened with the sulphide of ammonium described) is inverted
over it. The glasses are conveniently placed for a few minutes in the
water-oven ; the upper one is then removed, the moist surface evaporated
to dryness in the water-bath, a little water added, and then a small
drop of solution of chloride of iron. If hydrocyanic acid is present,
the sulphocyanide of iron will be formed of a striking blood-red colour.

(4) The reaction usually called Schonbein’s, or Pagenstecher and
Schonbein’s ¥ (but long known,t and used before the publication of their

* Neues Repert. de Pharm., xviii, 856,

+ This reaction (with tincture of guaiacum and copper) has been long known.
‘1 remember a pharmaceutist, who attended my father’s laboratory, showing me
this test in 1828 or 1829.”—Mohr’s Toxicologie, p. 92.
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very necessary, before specially searching for hydric cyanide in the
coutents of the stomach, to be able to say, by careful and methodical
examination, whether there are or are not any fragments of bitter
almonds, of apples, peaches, or other substance likely to produce hydric
cyanide. If potassic cyanide has been taken, simple distillation will
always reveal its presence, because it is found partly decomposed into
hydric cyanide by the action of the gastric acids. Nevertheless, an acid
_should always be added, and if, as in the routine process given at p. 51,
there is reasonable doubt for suspecting that there will be no cyanide
present, it will be best to add tartaric acid (for this organic acid will in
no way interfere with subsequent operations), and distil, as recommended,
in a vacuum. If, however, from the odour and from the history of the
case, it is pretty sure to be a case of poisoning by hydric or potassic
cyanide, then the substances, if fluid, are at once placed in a retort or
flask, and acidified with a suitable quantity of sulphuric acid, or if the
tissues or other solid matters are under examination, they are finely
divided, or pulped, and distilled, after acidifying with sulphuric acid as
before.* It may be well here, as a caution, to remark that the analyst
must not commit the unpardonable error of first producing a cyanide
by reagents acting on animal matters, and then detecting as a poison
the cyanide thus manufactured. If, for example, a healthy liver is
carbonised by nitric acid, saturated with potash, and then burnt up,
cyanide of potassium is always one of the products; and, indeed, the
ashes of a great variety of nitrogenous organic substances may contain
cyanides—cyanides not pre-existing, but manufactured by combination.
By the action of nitric acid even on sugar,t hydric cyanide is produced.

The old method of distillation was to distil by the gentle heat of a
water-bath, receiving the distillate in a little weak potash water, and not
prolonging the process beyoud a few hours. The experiments of Sokoloff,
however, throw a grave doubt on the suitability of this simple method
for quantitative results.

N. Sokoloff { recommends the animal substances to be treated by
water strongly acidified with hydric sulphate, and then to be distilled in
the water-bath for from two to three days; or to be distilled for twenty-
four hours, by the aid of an oil-bath, at a high temperature. He gives
the following example of quantitative analysis by the old process of
merely distilling for a few hours, and by the new :—

Old Process.—(1) Body of a hound—age, 2 years; weight, 5180
grms. ; dose administered, 57 mgrms. HCN; death in fifteen minutes.

* Domenico Ganassini (Bull. de Soc. med. chir. de Pavia, 29) prefers in all
cases tartaric as the acidifying acid.

t Chemical News, Ixviii. p. 75.

3+ Ber. d. deutsch, chem. Gesellsch., Berlin, ix. p. 1023,
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body of hounds at very long periods after death—in one case sixty days.
Dragendorff recognised potassic cyanide in the stomach of a hound after
it had been four weeks in his laboratory,* and in man eight days after
burial. Casper also, in his 211th case, states that more than 18 mgrms.
of anhydrous prussic acid were obtained from a corpse eight days after
death.t Dr. E. Tillner { has recognised potassic cyanide in a corpse four
months after death. Lastly, Struve§ put 300 grms. of flesh, 400 of
common water, and 2:378 of KCy in a flask, and then opened the flask
after 547 days. The detection was easy, and the estimation agreed with
the amount placed there at first. So that, even in very advanced stages
of putrefaction, and at periods after death extending beyond many
months, the detection of prussic acid cannot be pronounced impossible.

§ 268. Estimation of Hydrocyanic Acid -or Potassic Cyanide.—In
all cases, the readiest method of estimating prussic acid (whether it be
in the distillate from organic substances or in aqueous solution) is to
saturate it with soda or potash, and titrate the alkaline cyanide thus
formed with nitrate of silver. The process is based on the fact that
there is first formed a soluble compound (KCy, AgCy), which the
slightest excess of silver breaks up, and the insoluble cyanide is at once
precipitated. If grains are used, 17 grains of nitrate of silver are
dissolved in water, the solution made up to exactly 1000 grain measures,
each grain measure equalling 0054 grain of anhydrous hydrocyanic acid.
If grammes are employed, the strength of the nitrate of silver solution
should be 1-7 grm. to the litre; each c.c. then = ‘0054 hydrocyanic acid,
or *01302 grm. of potassic cyanide.

Essential oil of bitter almonds may also be titrated in this way,
provided it is diluted with sufficient spirit to prevent turbidity from
separation of the essential oil. If hydrocyanic acid is determined gravi-
metrically (which is sometimes convenient, when only a single estimation
is to be made), it is precipitated as cyanide of silver, the characters of
which have been already described.

§ 269. Case of Poisoning by Bitter Almonds.—Instances of poisoning by bitter
almonds are very rare. The following interesting case is recorded by Maschka :—

A maid-servant, 31 years of age, after a quarrel with her lover, ate a quantity of
bitter almonds. In a few minutes she sighed, complained of being unwell and faint ;
she vomited twice, and, after about ten minutes more had elapsed, fell senseless and
was convulsed. An hour afterwards, a physician found her insensible—the eyes rolled
upwards, the thumb clenched within the shut fists, and the breathing rattling, the
pulse very slow. She died within an hour and a half from the first symptoms,

The autopsy showed the organs generally healthy, but all, save the liver, exhaling
a faint smell of bitter almonds. The right side of the heart was full of fluid dark

* Dragendorff, G., Beitr. zur gericht, Chem., p. 59.

t Casper’s Pract. Handbuch der gerichtlichen Medicin, p. 561.
1 Vierteljahr. f. gerichtl. Med., Berlin, 1881, p. 193,

§ Zeitschrift f. anal. Chemie, von Fresenius, xii, p. 4, 1873.
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injected into mice. The nitriles were either dissolved in water or in diluted alcohol.
The results may be seen from the following table : —

s &
4
5 3
& "
= |
. , —
Prussic acid . . . HCN - 27 0005 1 1
Aceto nitrile . . . CH,CN © 41 07 140 922
Formal cyanhydrine . CH,OH)CN ' 57 00156 3 142,
Chloral cyanhydrine . CCI,CH(OH)CN (1885 0023 46 066 |
Benzo nitrile . . . CeH,CN 1108 018 36 9%
Benzyl nitrile . . GHCHON 1117 0033 64 147 |
Mandelic nitrile . . b,H,CH(OH)LN 133 0023 | 46 093 :
. . - CN
Diethylaminoaceto nitrile o |
. CH, 1485 0031 6 1-09
hydrochloride . . '< . |
N(GHLHO |
| -
Diethylaminoaceto nitrile i I, .
tody methylate . CH, ;H, ' 254 025 50 | 531
\NcH), |
AN
CN
Diethylamino-lactic nitrile| CH,CH 126 |0022| 44 | 094
NN(GH,)
CN
Diethylamino-lactic nitrile . .
o mathylate . CHSH  CH, 266 |04 |80 | 81
\N(CHp), | '
N1
CN
Phenylaminoaceto nitrile H, 132 |0°065 | 11 2°25
\NHC,H,
T°('g:t';.';“)‘°‘°°_“’ nitrile | o (CH,)NHCH,CN(o) | 146 [0-091| 182 | 3-38
Tolylaminoaceto nitrile |
(meta-) . . 146 |01 | 200 | 87
/CN i
Diethylamino - phenyl- ) :
e furrasing (,.H,(Qi 188 |0025| 5 | 073
N(C;H,), |
CN !
Piperidoaceto nitrile . C/H, 124 |0-068 | 116 | 262
\NGHyo
Sodium nitro prusside . | Fe(ON)(NO)Na,+2HO, | 208 [0012| 2:4 | 0-217
|
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He ascribes the toxic properties of these nitriles to the splitting off of HCN.
The different stability of the compounds, the ease with which they are absorbed and
excreted, and the variations in distribution in the body, account for the differences in
toxicity that they exhibit.

The same author has made experiments on the antagonistic action of certain
thiosulphates and other sulpho compounds when injected a short time before the
nitrile. The results of a few of these experiments may be seen from the following
table, the figures indicating how many fatal doses of the nitrile have been neutral-
ised by the sulpho compound.

Alcohol 20 per cent. 0°014
c.C. per grm. animal.,

N
-
=]
=]

Aceto nitrile . . . CHiCN e .. 1 o ofec -
! 4
; Formal cyanhydrine CH«(OH)N 19 26 33 26 3 "}eu
. an 2
' Chloral cyanhydrine | CCI.CHOH)CN 27 ..  ca$ Jom 13 18
' Benso nitrile . . . HCN L

Benzyl nitrile . . cﬁ,cn,cn 26 less 17 .. 17 1

than 2
24 22 1] ?

il’lndellc nitrile. . | C;H;CH(OH)CX ' 28

XIII.—Phosphorus.

§ 272. Phosphorus.—Atomic weight 31, specific gravity 182 to
1:840. Phosphorus melts at from 44-4° to 44'5° to a pale yellow oily
fluid. The boiling-point is about 290°.

The phosphorus of commerce is usually preserved under water in
the form of waxy, semi-transparent sticks; if exposed to the air white
fumes are given off, luminous in the dark, with a peculiar onion-like
odour. On heating phosphorus it readily inflames, burning with a very
white flame.

At 0° phosphorus is brittle; the same quality may be imparted to
it by a mere trace of sulphur. Phosphorus may be obtained in dodeca-
hedral crystals by slowly cooling large melted masses. It may also be
obtained crystalline by evaporating a solution in bisulphide of carbon, or
hot naphtha in a current of carbon dioxide. It is but little soluble in
water. Julius Hartmann * found in some experiments that 100 grms. of
water digested with phosphorus for sixty-four hours at 38-5° dissolved
‘000127 grm. He also investigated the solvent action of bile, and

* Zur acuten Phosphor- Vergiftung, Dorpat, 1866,
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our purpose is the action of phosphine on a solution of nitrate of
silver ; there is a separation of metallic silver, and nitric and phosphoric
acids are found in solution, thus—8AgNO, + PH,+40H,=8Ag+
8HNO, +PO,H;. This is, however, rather the end reaction; for, at
first, there is a separation of a black precipitate composed of phosphor-
silver. The excess of silver can be separated by hydric chloride, and
the phosphoric acid made evident by the addition of molybdic acid in
excess.

§ 274. The medicinal preparations of phosphorus are not numerous ;
it is usually prescribed in the form of pills, made by manufacturers of
coated pills on a large scale. The pills are composed of phosphorus,
balsam of Tolu, yellow wax, and curd soap, and 3 graing equal 45 grain
of phosphorus. There is also a phosphorated oil, containing about 1
part of phosphorus in 100; that of the French Pharmacopceia is made
with 1 part of dried phosphorus dissolved in 50 parts of warm almond
oil; that of the German has 1 part in 80 ; the strength of the former
is therefore 2 per cent.,, of the latter 1:25 per cent. The medicinal
dose of phosphorus is from 35 to g5 grain.

§ 275. Matches and Vermin Pastes.—An acquaintance with the
percentage of phosphorus in the different pastes and matches of com-
merce will be found useful. Most of the vermin-destroying pastes
contain from 1 to 2 per cent. of phosphorus.

A phosphorus paste that was fatal to a child,* and gave rise to
serious symptoms in others, was composed as follows :—

Per cent.
Phosphorus, . . . . . . . . . 14
Flowers of sulphur, . . . . . . . . 42°2
Flour, . . . . . . . . . . 422
Sugar, . . . . . . . . . . 142
100°00
Three common receipts give the following proportions :—
Per cent.
Phosphorus, . 15
Lard, 184
Sugar, 18-4
Flour, 617
10000
Per cent.
Phosphorus, . 12
‘Warm water, . 267
Rye flour, 267
Melted butter, 26°7
Sugar, 187
100-00

* Casper’s 204th case.
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' Per cent.
Phosphorus, . . . . e e e 16
Nutooil, . . . . . . . . . . 157
Warm water, . . . . . . . . . 315
Flour, . . . . . . . . . 81%
Sugar, . . .. . . . . . 197

10000

A very common phosphorus paste, to be bought everywhere in
England, is sold in little pots; the whole amount of phosphorus con-
tained in these varies from 324 to *388 grm. (6 to 6 grains), the active
constituent being a little over 4 per cent. Matches differ much in
composition. Six matchheads, which had been placed in an apple for
criminal purposes, and were submitted to Tardieu, were found to con-
tain 20 mgrms. of phosphorus—i.e. ‘33 grm. in 100. Mayet found
in 100 matches 55 mgrms. of phosphorus. Gonning* analysed ten
different kinds of phosphorus matches with the following result:—
Three English samples contained in 100 matches 34, 33, and 32 mgrms.
of phosphorus ; a Belgian sample, 38 mgrms. ; and 5 others of unknown
origin, 12, 17, 28, 32, and 41 mgrms. respectively. Some of the pub-
lished formularies are as follows : —

(1.) Glue, . . . . . 6 parts,
Phosphorus, . . . . 4 ,, or14'4 per cent.
Nitre, . . . . . 10
Red ochre, . . . . 5
Blue smalts, . . . . 2
(2.) Phosphorus, . . . . 9 parts, or 16°3 per cent.
Gum, . . . . . 16 ,,
Nite, . . . . . 14
Smalts, . . . . . 16
(8.) Phosphorus, . R . 4 parts, or 14°4 per cent.
Glue, . . . . . 6
Nitre, . . . . : 10 ,,
Red lead, . . . . . 5 ,,
Smalts, . . . . . 2 ,
(4.) Phosphorus, . . . . 17 parts, or 17 per cent.
Glue, . . . . . 21 ,,
Nitre, . . . . . 8 ,,
Red lead, . . . . . 24

Phosphorus poisoning by matches is, however, becoming rare, for
those containing the ordinary variety of phosphorus are being superseded
by matches of excellent quality, which contain no phosphorus whatever,
or by matches which are manufactured with phosphorus sesquisulphide,
P,S,; for example, the matches made in France in the national factories

* Nederlandsch Tijdschr. voor Geneesk., Afdl. i., 1866.
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contain only the sesquisulphide, which has not the injurious qualities
of the ordinary phosphorus.

§ 276. Btatistics. —The deaths for ten years ending 1903 from
phosphorus poisoning in England and Wales amount to 148 ; of these,
67 (29 males, 38 females) were due to accident, and 81 (21 males and
60 females) were suicidal.

Phosphorus as a cause of death occupies the eleventh place among
poisons ; as a cause of suicide it occupies the seventh.

A far greater number of cases of poisoning by phosphorus occur yearly
in France and Germany than in England. Phosphorus may be considered
as the favourite poison which the common people on the Continent em-
ploy for the purpose of self-destruction. It is an agent which, before the
change of manufacture, was within the reach of anyone who had two sous
in his pocket wherewith to buy a box of matches; but to the educated and
those who know the horrible and prolonged torture ensuing from a toxic
dose of phosphorus, such a means of exit from life will never be favoured.

Otto Schraube * has collected 92 cases from Meischner’s worlst and
added 16 which had come under his own observation, giving in all 108
cases. Seventy-one (or 65 per cent.) of these were suicidal—of the
suicides 24 were males, 47 females (12 of the latter being prostitutes) ;
21 of the cases were those of murder, 11 were accidental, and in 3 the
cause was not ascertained. The number of cases in successive years, and
the kind of poison used, is given as follows :—

Phosphorus in Phosphorus
Number of Cases. In the Years Substance, Matches.
or as Paste.
15 1798-1850 13 2
36 1851-1860 15 21
41 1861-1864 6 86
16 1865-1867 5 11

Of the 108 cases, 18 persons recovered and 90 (or 833 per cent.) died.
Falck also has collected 76 cases of poisoning from various sources
during eleven years; 55 were suicidal, 5 homicidal{ (murders), and
the rest accidental. Of the latter, 2 were caused by the use of phos-
phorus as a medicine, 13 by accidents due to phosphorus being in the
house ; in 1 case phosphorus was taken intentionally to try the effects
of an antidote.§ With regard to the form in which the poison was

* Schmidt’s Jakrbuch der ger. Med., Bd. clxxxvi. 8. 209-248, 1867.

t Die acute Phosphorose und einige Reflexsionen fiber die acute gelbe Leberatrophie,
etc., Inaug. Diss., Leipzig, 1864.

1 Dr. Dannenberg has shown by direct experiment that a poisonous dose of
phosphorus may be introduced into spirits or coffee, and the mixture have but little
odour or taste of phosphorus.—8chuchardt in Maschka’s Handbuch.

§ Géry, * Ueber Terpentinessenz als Gegenmltlzl gegen Phosphor,” in Gas.
Hebd. de Med., 2 ser., x. 2, 1878.
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itself alone, and occupy the whole course of the illness produced by the
poison.” ¥ Premising that the common form is a blending of irritant,
nervous, and hemorrhagic symptoms, we adopt here in part Tardieu’s
division. The name of *“ beemorrhagic form ” may be given to that in
which hzmorrhage is the predominant feature, and the “nervous” to
that in which the brain and spinal cord are from the first affected.
There yet remain, however, a few cases which have an entirely
anomalous course, and do not fall under any of the three classes.

From a study of 121 recorded cases of phosphorus poisoning,
the relative frequency of the different forms appears to be as follows :—
The common form 83 per ceat., h#morrhagic 10 per cent., nervous 6
per cent., anomalous 1 per cent. The “anomalous” are probably
over-estimated, for the reason that cases presenting ordinary features
are not necessarily published, but others are nearly always chronicled
in detail.

§ 280. Common Form.—At the moment of swallowing, a disagree-
able taste and swmell are generally experienced, and there may be
immediate and intense pain in the throat, gullet, and stomach, and
almost immediate retching and vomiting. The throat and tongue also
may become swollen and painful ; but in a considerable number of cases
the symptoms are not at once apparent, but are delayed from one to six
hours—rarely longer. The person’s breath may be phosphorescent
before he feels in any way affected, and he may go about his business
and perform a number of acts requiring both time and mental integrity.
Pain in the stomach (which, in some of the cases, takes the form of
violent cramp and vomiting) succeeds ; the matters vomited may shine
in the dark, and are often tinged with blood. Diarrhceea is sometimes
present, sometimes absent ; sleeplessness for the first night or two is
very common. The pulse is variable, sometimes frequent, sometimes
slow ; the temperature in the morning is usually from 36-0° to 366, in
the evening 37° to 38°.

The next symptom i8 jaundice, as was observed in the following
23 cases:—In 1 within twenty-four hours, in 3 within thirty-six
hours, in 3 within two days, in 11 within three days, in 1 within four
days, in 1 within five days, in 1 within nine days, in 1 within eighteen
days, and in 1 within twenty-seven days; so that in about 78 per
cent. jaundice occurred before the end of the third day. Out of 26
cases, in which the patients lived long enough for the occurrence
of jaundice, in 3 (or 11 per cent.) it was entirely absent. In 132 cases
recorded by Lewin, Meischner, and Heisler, jaundice occurred in 65,
or about 49 per cent., but it must be remembered that in many
of these cases the individual died before it had time to develop. The

* Etude Médico-Legale et Clinigue sur I Empoisonncinent, Paris, 1876, p. 483,
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been no symptoms whatever, save the single vomiting, to which may be
added that in the course of the evening her breath had a phosphorus
odour and was luminous.*

A girl swallowed a quantity of phosphorus paste, but there were no
marked symptoms until the fifth day, on which there was sickness and
purging. She died on the seventh day. A remarkable blueness of the
finger nails was observed a little before death, and was noticeable after-
wards.

§ 283. Sequel®.—In several cases in which the patients have
recovered from phosphorus poisoning, there have been observed para-
lytic affections.} O. Bollinger has recorded a case in which paralysis
of the foot followed ;§ in another, published by Bettelheim,|| there were
peculiar cerebral and spinal symptoms. Most of these cases are to be
explained as disturbance or loss of function from small hemorrhages in
the nervous substance.

§ 284. Period at which the first Symptoms commence.—The time
when the symptoms commence i8 occasionally of importance from a
forensic point of view. Out of 28 cases in which the commencement
of evident symptoms—i.e. pain, or vomiting, or illness—is precisely
recorded, in 8 the symptoms were described as either immediate or
within a few minutes after swallowing the poison; in 6 the symptoms
commenced within the hour ; in 3 within two hours; in other 3 within
four hours; and in 1 within six hours. One was delayed until the lapse
of twelve hours, 1 from sixteen to eighteen hours, 1 two, and another
five days. We may, therefore, expect that in half the cases which may
occur, the symptoms will commence within the hour, and more than 80
per cent. within six hours.

§ 285. Period of Death.—In 129 cases death took place as follows :—
In 17 within twenty-four hours, in 30 within two days, in 103 within
seven days. Three patients lived eight days, 6 nine days, 13 ten days,
1 eleven days, 1 sixteen days, 1 seventeen days, and 1 survived eight
months. It hence follows that 79'8 per cent. of the fatal cases die
within the week.

§ 286. Phosphorus Vapour.—There are one or two cases on record of
acute poisoning by phosphorus in the form of vapour. The symptoms
are somewhat different from the effects produced by the finely-divided
solid, and in general terms it may be said that phosphorus vapour is
more apt to produce the rarer ‘“nervous” form of poisoning than the
solid phosphorus.

* Casper’s 205th case. t Taylor on Poisons, p. 277.
% See Gallavardin, Les Paralyses Phosphoriques, Paris, 1865.

§ Deutsches Archiv f. klin. Med,, Bd. vi. Hft. 1, S, 94, 1869.

|| Wiener Med. Presse, 1868, No. 41.
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attacks the respiration was slowed. Eight weeks afterwards there was
an intense icterus, which disappeared at the end of ten weeks.

§ 287. Chronic phosphorus poisoning has frequently been noticed in
persons engaged either in the manufacture of phosphorus or in its
technical application. Some have held that the symptoms are due to
an oxidation product of phosphorus rather than to phosphorus itself;
but in one of Kulenberg’s experiments, in which a dove was killed by
breathing phosphorus fumes evolved by phosphorus oil, phosphorus was
chemically recognised in the free state in the lungs. The most constant
and peculiar effect of breathing small quantities of phosphorus vapour
is a necrosis of the lower jaw. There is first inflammation of the
periosteum of the jaw, which proceeds to suppuration and necrosis of a
greater or smaller portion. The effects may develop with great sudden-
ness, and end fatally. Thus Fournier and Olliver * relate the case
of a girl, 14 years old, who, after working four years in a phosphorus
manufactory, was suddenly affected with periostitis of the upper jaw,
and with intense an@mia. An eruption of purpuric spots ensued, and
she died comatose. There is now little doubt that minute doses of
phosphorus have a specific action on the bones generally, and more
especially on the bones of the jaw, Wegner t administered small daily
doses to young animals, both in the state of vapour, and as a finely-
divided solid. The condition of the bones was found to be more compact
than normal, the medullary canals being smaller than in healthy bone,
the ossification was quickened. The formation of callus in fractured
limbs was also increased.

§ 288. Changes in the Urinary Secretion.—It has been before stated
that, at a certain period of the illness, the renal secretion is scantier
than in health, the urine diminishing, according to Lebert and Wyss's §
researches, to one-half on the third, fourth, or fifth day. It frequently
contains albumen, blood, aud casts. When jaundice is present, the urine
has then all the characters noticed in icterus ; leucin and tyrosin, always
present in acute yellow atrophy of the liver, have been found in small
quantity in jaundice through phosphorus; lactic acid is also present.
The urea is much diminished, and, according to Schultzen and Riess,§
may be towards death entirely absent. Lastly, it is said that there is
an exhalation of either phosphorus vapour or phosphine from such urine.
In some cases the urine is normal, e.g. in a case recorded by E. H.
Starling, M.D., and F. G. Hopkins, B.Sc. (Guy’s Hospital Report, 1890),
in which a girl, aged 18, died on the fifth day after taking phosphorus

* Gaz. hebd. de Med., xxix. p. 461, 1868,

t Virchow’s 4rck. /. path. Anat., lv. 11.

¥ Archiv Générale de Méd., 6 Sér., Tom. xii., 1868, p. 709.
§ Annalen der Charité, Berlin.
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The membranes of the brain were found strongly iujected, and there
were extravasations. In the mucous membrane of the crop there was
also an extravasation. The lungs externally and throughout were of a
dirty brown-red colour; the entire heart was filled with coagulated
blood, which was weakly acid in reaction.

In a second experiment with another pigeon, there was no striking
symptom save that of increased frequency of respiration and loss of
appetite ; at the end of four days it was found dead. There was much
congestion of the cerebral veins and vessels, the mucous membrane of
the trachea and bronchi were weakly injected, and the first showed a
thin, plastic, diphtheritic-like exudation.

Dr. Henderson’s * researches on rats may also be noticed here. He
found that an atmosphere consisting entirely of phosphine killed rats
within ten minutes, an atmosphere with 1 per cent. in half an hour.
The symptoms observed were almost exactly similar to those noticed in
the first experiment on the pigeon quoted above, and the post-mortem
appearances were not dissimilar. With smaller quantities of the gas, the
first symptom was increased frequency of the respiration; then the
animals showed signs of suffering intense irritation of the skin, scratching
and biting at it incessantly ; afterwards they became drowsy, and assumed
a very peculiar attitude, sitting down on all-fours, with the back bent
forward, and the nose pushed backwards between the forepaws, so as to
bring the forehead against the floor of the cage. When in this positiou,
the rat presented the appearance of a curled-up hedgehog. Phosphine,
when injected into the rectum, is also fatal ; the animals exhale some of
the gas from the lungs, and the breath, therefore, reduces solutions of
silver nitrate.t

Brenner § has recorded the case of a man 28 years old, a phar-
maceutist, who is supposed to have suffered from illness caused by
repeated inbalations of minute quantities of phosphine. He was
engaged for two and a half years in the preparation of hypophosphites ;
his illness commenced with spots before the eyes, and inability to fix the
attention. His teeth became very brittle, and healthy as well as carious
broke off from very slight causes. Finally, a weakness of the arms and
limbs developed in the course of nine months into complete locomotor
ataxy.

§ 292. Blood takes up far more phosphine than water does. Dybs-
kowsky found that putting the coefficient of solubility of phosphine in
pure water at ‘1122 at 15°, the coefficient for venous blood was 13, and

* Journ. Anat. and Physiol. , vol. xiii. p. 19.

t Dybskowsky, Med. Chem. Untersuchungen aus Hoppe-Seyler's Labor. in
Tubingen, p. 67.

$ St. Petersburg Mcd. Zeitschr., 4 Hft., 1865.
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tions necessary for success are—(1) that the apparatus should be in total
darkness ;¥ and (2) that there should be no substance present, such
as alcohol or ammonia,t which, distilling over with the phosphorus
vapour, could destroy its luminosity. A convenient apparatus, and one
certain to be in all laboratories, is an ordinary Florence flask, containing
the liquid to be tested, fitted to a glass Liebig’s condenser, supported on
an iron sand-bath (which may, or may not, have a thin layer of sand), and
heated by a Fletcher’s low temperature burner. The distillate is received
into a flask. This apparatus, if in darkness, works well ; but should the
observer wish to work in daylight, the condenser must be enclosed in
a box perfectly impervious to light, and having a hole through which
the luminosity of the tube may be seen, the head of the operator and the
box being covered with a cloth, If there be a stream of water passing
continuously through the condenser, a beautiful luminous ring of light
appears in the upper part of the tube, where it remains fixed for some
time. Should, however, the refrigeration be imperfect, the luminosity
travels slowly down the tube into the receiver. In any case, the deli-
cacy of the test is extraordinary.] If the organic liquid is alkaline, or
even neutral, there will certainly be some evolution of ammonia, which
will distil over before the phosphorus, and retard (or, if in sufficient
quantity, destroy) the luminosity. In such a case it is well, as a precau-
tion, to add enough sulphuric acid to fix the ammonia, omitting such
addition if the liquid to be operated upon is acid.

2. The Production of Phosphine (PH,).—Any method which pro-
duces phosphine (phosphuretted hydrogen), enabling that gas to be
passed through nitrate of silver solution, may be used for the detection
of phosphorus. Thus, Sonnenschein states that he has found phos-
phorus in extraordinary small amount, mixed with various substances,
by heating with potash in a flask, and passing the phosphine into silver
nitrate, separating the excess of silver, and recognising the phosphoric
acid by the addition of molybdate of ammonia.§

The usual way is, however, to produce phosphine by means of the
action on free phosphorus of nascent hydrogen evolved on dissolving
metallic zinc in dilute sulphuric acid. Phosphine is formed by the

* Any considerable amount of phosphorescence can, however, be observed in
twilight.

t Many volatile substances destroy the luminous appearance of phosphorus
vapour, e.g. chlorine, hydric sulphide, sulphur dioxide, carbon disulphide, ether,
alcohol, petroleum, turpentine, creasote, and most essential oils. On the other hand,
bromine, hydrochloric acid, camphor, and carbonate of ammonia do not seem to inter-
fere much with the phosphorescence.

1 Frosenius states that he and Neubauer, with 1 mgrm. of phosphorus in 200,000,
recognised the light, which lasted for half an hour,—Zcitschr. f. anal. Chem., i.

p. 336.
§ Sonnenschein, Handbuch der gerichtlichen Chemie, Berlin, 1869,
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venience of the operator. A is a vessel containing sulphuric acid ; B is
partly filled with granulated zinc, and hydrogen mav be developed at
pleasure ; ¢ contains a solution of nitrate of silver ; d is a tube at which
the gas can be lit : ¢, a flask containing the fluid to be tested, and pro-
vided with a tube 7, at which also the gas issuing can be ignited. The
orifice should be provided with a platinum nozxle. When the hydrogen
has displaced the air. both tubes are Iit, and the two flames, being side
by side, can be compared. Sheuld any phosphorus come over from the
zinc (a possibility which the interposed silver nitrate ocught to guard
against), it is detected : the last flask is now gently warmed, and if
the flame is green. or, indeed, in anv case, it should be examined by
the spectroscope_*

§ 297. The spectrum, when fully developed, shows one band in the
orange and vellow between C and D, but very close to D, and several
bands in the green. But the bands §, y, a, and 8 are the most
characteristic. The band 8 has its centre about the wave-length 599-4 ;
it is easily distinguished when the slit of the spectruscope is a little
wide, but may be invisible if the slit is too narrow. It is best seen by
M. Salet’s second process, and, when cooled by a brisk current of air, it
broadens, and may extend closer to D. The band y has a somewhat
decided border towards E, while it is nebulous towards D, and it is
therefore, very difficult to say where it begins or where it ends; its
centre may, however, he put at very near 109 of Boisbaudran's scale,
corresponding to W. L. 560-5, if the flame is free. This band is more

* F. S<Imi has proposed the simple dipping of a platinum laop into a liquid con-
taining phosphoric acid, and then inserting it into the tip of a hydrogen flame.
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evaporated to a thin syrup, and decanted from the second deposit that
forms. The two deposits are mixed together and treated with dilute
ammonia, which will dissolve out any tyrosin and leave it in needles, if
the ammonia is spontaneously evaporated on a watch-glass. The urine
is then diluted and treated with neutral and basic acetates of lead, filtered,
and the lead thrown out of the filtrate by hydric sulphide. The filtrate
is evaporated to a syrup, and it then deposits leucin mixed with some
tyrosin. If, however, the syrup refuses to crystallise, it is treated with
cold absolute alcohol, and filtered ; the residue is then boiled up with
spirit of wine, which extracts leucin, and deposits it on cooling in a
crystalline form. To obtain oxymandelic acid, the mother-liquor, from
which leucin and tyrosin have been extracted, is precipitated with
absolute alcohol, filtered, and then the alcoholic solution evaporated to a
syrup. This syrup is acidified by sulphuric acid, and extracted with
ether ; the ether is filtered off and evaporated to dryness; the dry residue
will be in the form of oily drops and crystals. The crystals are collected,
dissolved in water, and the solution precipitated by lead acetate to remove
colouring matters; after filtration it is finally precipitated by basic acetate.
On decomposition of the basic acetate, by suspending in water and
saturating with hydric sulphide, the ultimate filtrate on evaporation
deposits colourless, flexible needles of oxymandelic acid. The nitro-
genised acid which Schultzen and Riess obtained from urine in a case of
phosphorus poisoning, was found in an alcohol and ether extract—warts
of rhombic scales separating out of the syrupy residue. These scales gave
no precipitate with basic acetate, but formed a compound with silver
nitrate. The silver compound was in the form of shining white needles,
and contained 339 per cent. of silver; the acid was decomposed by heat,
and with lime yielded aniline. Its melting-point is given at from 184°
to 185°. The occurrence of some volatile substance in phosphorus
urine, which blackens nitrate of silver, and which is probably phosphine,
was first noticed by Selmi.* Pesci and Stroppa have confirmed Selmi’s
researches. It is even given off in the cold.

§ 299. The quantitative estimation of phosphorus is best carried
out by oxidising it into phosphoric acid, and estimating as ammon.
magnesian phosphate. To effect this, the substances are distilled in an
atmosphere of CO, into a flask with water, to which a tube containing
silver nitrate is attached ; the latter retains all phosphine, the former
solid phosphorus. If necessary, the distillate may be again distilled into
AgNO;; and in any case the contents of the |J-tube and flask are mixed,
oxidised with nitromuriatic acid, filtered from silver chloride, and the
phosphoric acid determined in the usual way. 4

In the case of a child poisoned by lucifer matches, Sonnenschein

* @Qiornale Internaz. della Scienza Med., 1879. Nro. 6, p. 645,






PART VI.—ALKALOIDS AND POISONOUS VEGETABLE PRIN-
CIPLES SEPARATED FOR THE MOST PART BY ALCO-
HOLIC SOLVENTS.

DIVISION I.—VEGETABLE ALKALOIDS.

1.—General Methods of Testing and Extracting Alkaloids.

-§ 301. General Tests for Alkaloids.—In order to ascertain whether
an alkaloid is present or not, a method of extraction must be pursued
which, while disposing of fatty matters, salts, etc., shall dissolve as little
as possible of foreign substances—such a method, e.g., as the original
process of Stas, or one of its modern modifications.

If to the acid aqueous solution finally obtained by this method a
dilute solution of soda be added, drop by drop, unmtil it is rendered
feebly alkaline, and no precipitate appear, whatever other poisonous
plant-constituents may be present, all ordinary alkaloids * are absent.

In addition to this negative test, there are also a number of sub-
stances which give well-marked crystalline or amorphous precipitates
with alkaloids.

§ 302. These may be called “group reagents.” The chief members
of the group reagents are—iodine dissolved in hydriodic acid, iodine
dissolved in potassic iodide solution, bromine dissolved in potassic
bromide solution, hydrargo-potassic iodide, bismuth-potassic iodide,
cadmic potassic iodide ; the chlorides of gold, of platinum, and mercury ;
picric acid, gallic acid, tannin, chromate of potash, bichromate of potash,
phospho-molybdic acid, phospho-tungstic acid, silico-tungstic acid, and
Frohde's reagent. It will be useful to make a few general remarks on
some of these reagents.

Iodine in hydriodic acid gives either crystalline or amorphous pre-
cipitates with nearly all alkaloids ; the compound with morphine, for

* In the case of morphine tartrate, this test will not answer. See the article on
Morphine.
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moistened by nitric acid, and the heating repeated. - The now dry residue
is warmed with water, nitric acid added to strong acid reaction, and the
mixture diluted with water, so that 10 parts of the solution contain 1 of
the dry salt. The precipitates of the alkaloids are as follows :—

Aniline, . . . . . Bright yellow, flocculent.
Morphine, . . ' '
Narcotine, . . . . Brownish-yellow, ,,
Quinine, . . . . . Whitish-yellow, ,,
Cinchonine, ’ "
Codeine, . . . . Brownish-yellow, voluminous,
Strychnine, . . . . White-yellow, .
Brucine, . . . . . Yelk-yellow, tlocculent.
Veratrine, . . . . Bright yellow, »
Jervine, . . . . . s '
Aconitine, . . . . ’ ’s
Emetine, . ’ ',
Theine, . . . . . Bright yellow, voluminous.
Theobromine, . ' »
Solanine, . . . . . Citron-yellow, pulverulent,
Atropine, PR . . Bright yellow, flocculent.
Hyoscyamine, . . . . »» .
Colchicine, . . . . Orange-yellow, ’
Delphinine, . . . . Grey-yellow, voluminous,
Berberine, . . . . Dirty yellow, flocculent.
Coniine, . . . . . Bright yellow, voluminous,
Nicotine, .

Piperine, . Browmsh -yellow, ﬂocculent.

2) thco—'l‘ungstxc Acidasa Reagent for Alkaloids.—Sodium tung-
state is boiled with freshly precipitated gelatinous silica. To the solution
is added mercurous nitrate, which precipitates the yellow mercurous
silico-tungstate. This is filtered, well washed, and decomposed by an
equivalent quantity of hydrochloric acid ; silico-tungstic acid then goes
into solution, and mercurous chloride (calomel) remains behind. The
clear filtrate is evaporated to drive off the excess of hydrochloric acid,
and furnishes, on spontaneous evaporation, large, shining, colourless
octahedra of silico-tungstic acid, which effloresce in the air, melt at 36°,
and are easily soluble in water or alcobol.

This agent produces no insoluble precipitate with any metallic salt.
Casium and rubidium salts, even in dilute solutions, are precipitated by
it ; neutral solutions of ammonium chloride give with it a white precipi-
tate, soluble with difficulty in large quantities of water. It precipitates
solutions of the salts of quinine, cinchonine, morphine, atropine, ete. ; if
in extremely dilute solution, an opalescence only is produced: for in-
stance, it has been observed that cinchonine hydrochlorate in yy5'55s,
quinia hydrochlorate in 55,347, morphia hydrochlorate in y 34 dilution,
all gave a distinct opalescence.—Archiv der Pharm., Nov., Dr. Richard
Godeffroy.
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METHODS OF SEPARATION.

§ 307. General processes for the Separation of Alkaloidal Substances
from Organic Matters.—The processes in use are the Stas-Otto process,
the process of Kippenberger, and that of Dragendorff. The Hilger-
Kuster method, in which gypsum is used, apparently leads to poor
results, and will therefore not be described.

The three processes are seldom used singly, but more or less in com-
bination. The Stas-Otto process consists in exbausting the organic
matters with strong alcohol. With every kilogramme of such sub-
stances as liver or other internal organs, rather more than a litre of
alcohol of 92 to 95 per cent. strength is required. The more finely
divided the organ is the better. For this purpose it is often advisable
to pass the matters throngh a mincing machine. The flask containing
the substances and the alcohol is placed in a water-bath and the cork
connected with a reflux condenser. The water in the bath is kept at a
boiling temperature from one to two hours. In the original Stas-Otto
process an acid, such as tartaric acid, was usually added ; but if the
substance itself, as is usually the case, has an acid reaction, and at the
end of the operation the alcohol is found acid, it is preferable not to add
acid. The alcoholic solution is filtered through a piece of muslin and
the organic matter pressed in a filter press, so as to squeeze the solution
out of the mass. It is best now to distil off the alcohol, and then to
extract the watery fluid in a separating funnel by petroleum ether two
or three times, otherwise there will be much difficulty in filtration.
The petroleum ether extract contains all the fatty matter and, it may
be, some of the alkaloid dissolved in the fat. To recover this the
petroleum is distilled off, a little paraffin wax added to the fatty matter
left behind, and the fatty matters washed in a separating funnel with
hot water made slightly acid by means of hydrochloric acid.

The original liquid, free from fat, is then filtered. The clear liquid
to which the washings of the fat are added is now evaporated to dryuness
and treated with absolute alcohol. The absolute alcoholic extract is
filtered and evaporated to dryness. This contains all the alkaloid in an
impure state. It is, however, important to note that even when no
alkaloidal poison is present, the extract invariably contains residues
which give decided reactions with the group-alkaloidal reagents, such
a8 iodine and potassic iodide, phospho-tungstic acid, and so forth.

Kippenberger’s Process.—In Kippenberger’s process the reaction
of the final product with general alkaloidal reagents in operating
on alkaloidal free substances is much less than in the Stas-Otto
process.

Kippenberger extracts the organic substances with glycerin holding
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solution is then poured into clean vessels, and mixed with about half
its volume of water, through which a current of CO, is passed for twenty
minutes ; this may cause the precipitation of other alkaloids not thrown
down by dry CO,. If the whole of the alkaloids are not obtained by
these means, the solution is dehydrated by agitation with barium oxide,
and a solution of tartaric acid in ether is added (care being taken to
avoid excess) ; this throws down any alkaloid still present. The detec-
tion of any yet remaining in the viscera is effected by mixing with
barium hydrate and a little water, and agitating with purified amylic
alcohol ; from the alcohol the alkaloids may be subsequently extracted
by agitation with very dilute sulphuric acid.

Another ingenious method (also the suggestion of Selmi) is to treat
the organic substance with alcohol, to which a little sulphuric acid has
been added, to filter, digest with alcohol, and refilter. The filtrates are
united, evaporated down to a smaller bulk, filtered, concentrated to a
syrup, alkalised by barium hydrate, and, after the addition of freshly
ignited barium oxide and some powdered glass, exhausted with dry
ether; the ether filtered, the filtrate digested with lead hydrate; the
ethereal solution filtered, evaporated to dryness, and finally again taken
up with ether, which, this time, should leave on evaporation the alkaloid
almost pure.

§ 309. Dragendorff’s Process.—To Dragendorfl we owe an elaborate
general method of separation, since it is applicable not only to alkaloids,
but to glucosides, and other active principles derived from plants. His
process is essentially a combination of those already known, and its dis-
tinctive features are the shaking up—(1) of the acid fluid with the
solvent, thus removing colouring matters and certain non-alkaloidal
principles ; and (2) of the same fluid made alkaline.

1. The substance, in as finely-divided form as possible, is digested for
a few hours in water acidified with sulphuric acid, at a temperature of
40° to 50°, and this operation is repeated two or three times, with
filtering and pressing of the substances; later, the extracts are united.
This treatment (if the temperature mentioned is not exceeded) does not
decompose the majority of alkaloids or other active substances ; but there
are a few (e.g. solanine and colchicine) which would be altered by it;
and, if such are suspected, maceration at the common temperature is
necessary, with substitution of acetic for sulphuric acid.*

II. The extract is next evaporated until it begins to be of a syrupy
consistence ; the residue mixed with three to four times its volume of
alcohol, macerated for twenty-four hours at about 34°, allowed to become

* When blood is to be examined, it is better to dry it, and then powder and
extract with water acidified with dilute sulphuric acid. However, if the so-called
volatile alkaloids are suspected, this modification is to be omitted.
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precipitable from the alkaline solution by sodium bicarbonate or ammonium carbonate,
such as morphine, apomorphine, and cupreine.

4, The rarer opium bases precipitable by sodic carbonate insoluble in caustic
soda solution, such as narcein, narcotine, papaverine, and thebaine.

5. Bases precipitable by sodium carbonate, but not precipitable by sodium
bicarbonate ; strychnine, brucine, veratrine.

6. Quinine bases precipitable by sodium carbonate, also by sodium bicarbonate
if not in too dilute svlution.

7. The rare quinine bases.

The individual members of the group are then identified by their behaviour to
potassic ferrocyanide, cobalt thiocyanide, platin chloride, and other reagents described
in this work under the particular alkaloid.

§ 314. Sublimation of the Alkaloids.—A very beautiful and elegant
aid to the identification of alkaloids, and vegetable principles generally,
is their behaviour towards heat.

Alkaloids, glucosides, the organic acids, etc., when carefully heated,
either—(1) sublime wholly without decomposition (like theine, cytisin,
and others); or (2) partially sublime with decomposition; or (3) are
changed into new bodies (as, for example, gallic acid) ; or (4) melt and
then char ; or (5) simply char and burn away.

Many of these phenomena are striking and charaocteristic, taking place
at different temperatures, subliming in characteristic forms, or leaving
characteristic residues.

One of the first to employ sublimation systematically, as a means of
recognition of the alkaloids, etc., was Helwig.* His method was to place
a small quantity (from 4 to ;gp'sy Of & mgrm.) in a depression on
platinum foil, cover it with a slip of glass, and then carefully heat by a
small flame. After Helwig, Dr. Guy t greatly improved the process by
using porcelain discs, and more especially by the adoption of a convenient
apparatus, which may be termed *the subliming cell.” It is essentially
composed of a ring of glass from } to £ of an inch in thickness, such as
may be obtained by sections of tubing, the cut surfaces being ground
perfectly smooth. This circle was converted into a closed cell by resting
on it one of the ordinary thin discs of glass used as a covering for micro-
scopic purposes, and supporting a similar disc. The cell was placed on
a brass plate, provided with a nipple, which carried a thermometer, and
was heated by a small flame applied midway between the thermometer
and the cell ; the heat was raised very gradually, and the temperature at
which any change took place was noted. In this way Dr. Guy made
determinations of the subliming points of a large number of substances,
and the microscopic appearances of the sublimates were described with
the greatest fidelity and accuracy. On repeating with care Dr. Guy’s

* Das Mikroscop in der Toxicologie.

t Pharm. Journ. Trans, (2), viij. 719 ; ix. 10, 58. Forensic Medicine, London,
1876.












262 POISONS : THEIR EFFECTS AND DETECTION. (8§ 315.

duced rather by decomposition than by true sublimation, condense on
the upper disc at 185° and above.

Saponin neither melts nor sublimes ; it begins to brown about 145°,
is almost black at 185°, and quite so at 190°.

Delphinine begins to brown about 102°; it becomes amber at 119°,
and melts, and bubbles appear. There is no crystalline sublimate ;
residue not characteristic.

Pilocarpine gives a distinct crystalline sublimate at 153° ; but thin
mists, consisting of fine dots, may be observed as low as 140°. Pilo-
carpine melts at 159°; the sublimates at 160° to 170° are in light
yellow drops. If these drops are treated with water, and the water
evaporated, feathery crystals are obtained ; the residue is resinous.

Theine wholly sublimes ; the first sublimate is minute dots, at 79°;
at half a degree above that very small crystals may be obtained; and
at such a temperature as 120°, the crystals are often long and silky.

Theobromine likewise wholly sublimes; nebul® at 134°, crystals
at 170° and above.

Salicin melts at 170° ; it gives no crystalline sublimate. The melted
mass remains up to 180° almost perfectly colourless; above that tem-
perature browning is evident. The residue is not characteristic.

Picrotoxin gives no crystalline sublimate. The lowest temperature
at which it sublimes is 128°; the usual nebul® then make their appear-
ance ; between 165° and 170° there is slight browning ; at 170° it melts.
The residue, slowly cooled, is not characteristic.

Cantharidin sublimes very scantily between 82° and 83°; at 85° the
sublimate is copious.

The active principles of plants may, in regard to their behaviour to
heat, be classed for practical purposes into—

1. Those which give a decided crystalline sublimate :

(a) Below 100% e.g. cocaine, theine, thebaine, cantharidin.
(b) Between 100° and 150°, e.g. quinetum.
(c) Between 150° and 200° e.g. strychnine, morphine,
pilocarpine.
2. Those which melt, but give no crystalline sublimate :

(a) Below 100°, e.g. hyoscyamine, atropine.
(b) Between 100° and 150°, e.g. papaverine.
(c) Between 150° and 200°, e.g. salicin.
(d) Above 200°, e.g. solanine.
3. Those which neither melt nor give a crystalline sublimate, e.g.
saponin.
§ 315. Melting-point.—The method of sublimation just given also
determines the melting-point; such a determination will, however,
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iodide formed, the number of methoxyl groups may be calculated,
one molecule of silver iodide = one methoxyl group. There is one
methoxyl group in quinine and codeine, two in hydrastine and
brucine, three in narcotine, four in papaverine and aconitine, and six
in pseudaconitine.

Nitrogen.—By a modification of Zeisel’s method the methyl groups
attached to nitrogen may be determined, methyl being the only
alcoholic radical which occurs attached to the nitrogen of alkaloids.
Herzig and Meyer have shown that when the hydriodic acid salt
of the base is subjected to dry distillation, the methyl groups are
eliminated as methyl iodide, and may be determined by means of
silver nitrate. Thus it has been found that chrysanthemine and
caffeine contain one methyl group; cusohygrine, narceine, and theo-
bromine contain two; trigonelline, arecoline, methyl coniine, nicotine,
hygrine, pseudopelleturine, atropine, cocaine, morphine, codeine, nar-
cotine, and eserine contain one; and lupinine, lupanine, cinchonine,
and harmaline none.

§ 317. Quantitative Estimation of the Alkaloids.—For medico-
legal purposes the alkaloid obtained is usually weighed directly, but
for technical purposes other processes are used. One of the most
convenient of these is titration with d.n. acid, using a suitable
indicator.

Kippenberger * has shown, in a special research, that the choice of
an indicator is not indifferent, some indicators giving to titration values
for the alkaloids entirely erroneous; he gives the following list of
suitable indicators; those in brackets may be used, but are not as
suitable as the others.

ATROPINE.—Iodeosin (methyl-orange), azolithmin, hematoxylin, lacmoid, cochi-
neal, uranine.

MorpPHINE.—(Iodeosin), cochineal, lacmoid.

AcoNITINE.—Iodeosin, azolithmin, hematoxylin, cochineal.

VERATRINE.— Iodeosin, hematoxylin, cochineal, lacmoid.

THEBAINE.—-Iodeosin, uranine (heematoxylin), cochineal, lacmoid.

CopEINE.—Iodeosin (azolithmin), uranine, hematoxylin, cochineal, lacmoid.

CocalNE.—Lacmoid, uranine, cochineal, heematoxylin.

STRYCHNINE. —Iodeosin, azolithmin (uranine), heematoxylin, cochineal, lacmoid.

BrucIiNg,—Iodeosin, azolithmin (uranine), hematoxylin, cochineal (lacinoid).

NicorINE,—(Iodeosin, uranine, cochineal), lacmoid.

CoN1INE.—Iodeosin (methyl-orange, azolithmin), hematoxylin, alkannin, cochi-

neal, lacmoid, Congo-red.
SPARTEINE. —Azolithmin (uranine), heematoxylin, phenolphthalein, alkannin.
PAPAVERINE, —Lacmoid.

A reagent of general application is found in the so-called Mayer’s
reagent, which consists of 13546 grms. of mercuric chloride, and 49-8
* Zcit. f. anal, Chemie, 1900, 801.
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grms. of iodide of potassium in a litre of water. Each c.c. of such
solution precipitates—

Of Strychnine, . . . . . . 0167 grm.
,, Brucine, . . . . . . . 0283 ,,
,» Quinine, . . . . . . . -0108 ,,
,» Cinchonine, . . . . . . 0102 ,,
,» Quinidine, . . . . . . ‘0128 ,,
,» Atropine, . . . . . . . ‘0145 ,,
»» Aconitine, . . . . . . . 0268 ,,
,» Veratrine, . . . . . . . 0269 ,,
,» Morphine,. . . . . . . 0200 ,,
,» Narcotine, . . . . . . . 0208 ,,
,» Nicotine, . . . . . . . 00405 ,,
,» Coniine, . . . . . . . 00416 ,,

The final reaction is found by filtering, from time to time, a drop on
to a glass plate, resting on a blackened surface, and adding the test
until no precipitate appears. The results are only accurate when the
strength of the solution of the alkaloid is about 1:200, and when the
solutions are pure; so that it is absolutely necessary first to ascertain
approximatively the amount present, and then to dilute or concentrate,
as the case may be, until the proportion mentioned is obtained.

Similarly, the iodine solution described on p. 253 may be used volu-
metrically by precipitating the alkaloid by the solution, filtering, and
then ascertaining by means of thiosulphate solution the amount of free
iodine in the filtrate; if the iodine solution is standardised by approxi-
mately equal weights of the particular alkaloid under investigation, the
process is capable of giving fair results, although more adapted for
technical use than for forensic cases, as the precipitates, both with
iodine and Meyer’s reagent, have not always a definite composition,
being influenced by solubility, concentration, and the presence of other
bodies.

It is useful for quantitative purposes to combine an alkaloid with
gold or platinum, by treating the solution with the chlorides of either
of those metals—the rule as to selection being to give that metal the
preference which yields the most insoluble and the most crystallisable
compound,

The following table gives the percentage of gold or platinum left on
ignition of the double salt :—

Gold. Platinum.
Atropine, . . . . . . 3157
Aconitine, . . . . . . 200
Amanitine, . . . . . . 4423 ee
Berberine, . . . . . . 29°16 1811
Brucine, . . . . . . 1652
Cinchonine, . . . . . .. 27-36

Cinchonidine, . . . . . .- 2787
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Gold. Platinum.

Codeiue, . . . . . e 19°11
Coniine, . . . . . e 29°38
Curarine, . . . . . 32°65
Delphinine, . . . . . 26°7 e
Delphinoidine, . . . . . 29°0 158
Emetine, . . . . . . 297
Hyoscyamine, . . . . . 346
Morphine, . . . . . 1952
Muscarine, . . . . . . 4301 ..
Narcotine, . . . . . . 15°7 159
Narceine, . . . . . . 14°52
Nicotine, . . . . . . 3425
Papaverine, . .« . . . . 17-82
Pilocarpine, . . . . . . 355 23°6 to 252
Piperine, . . . . . . 127
Quinine, . . . . . . 40°0 2626
Strychnine, . . . . . . 29°15 1816
Thebaine, . . . . . . e 18°71
Theine, . . . . . . 3702 24°58
Theobromine, . . . . . e 2555
Veratrine, . . . . . . 2101 .

II.—Liquid Volatile Alkaloids.
THE ALKALOIDS OF HEMLOCK—NICOTINE—PITURIE—SPARTEINE.

1. THE ALKALOIDS OF HEMLOCK (CONIUM).

§ 318. The Conium maculatum, or spotted hemlock, is a rather
common umbelliferous plant, growing in waste places, and flowering
from about the beginning of June to August. The stem is from three
to five feet high, smooth, branched, and spotted with purple; the
leaflets of the partial involucres are unilateral, ovate, lanceolate, with
an attenuate point shorter than the umbels ; the seeds are destitute of
vittz, and have five prominent crenate wavy ridges. The whole plant
is foetid and poisonous. Conium owes its active properties to the
liquid-alkaloids Coniine and y-Coniceine, with a crystalline alkaloid,
Conhydrine. Small quantities of Pseudoconhydrine and Methyleoniine
also occur in the plant. The alkaloids are in the plant combined with
malic and caffeic acid.

§ 319. Coniine (conia, conicine), (CgH,,N)—specific gravity 0-862
at 0°, 0:845 at 20°; melting-point, — 2'5°; boiling-point, 1666°. Pure
coniine has been prepared synthetically by Ladenburg, and found to
be a-propyl-piperidine, C,H,NC;H., but the synthetically-prepared
piperidine has no action on polarised light. By uniting it with dextro-
tartaric acid, and evaporating, it is possible to separate the substance
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Potass. mercuric iodide gives a cheesy precipitate ; limit, 1: 1000 in
neutral, 1:800 in acid, solutions.

Potass. cadmic iodide gives an amorphous precipitate, 1:300. The
precipitate is soluble in excess of the precipitant. (Nicotine, under
similar circumstances, gives a crystalline precipitate.)

Fliickiger recommends the following reaction : *—* Add to 10 drops
of ether in a shallow glass crystallising dish 2 drops of coniine, and cover
with filter - paper. Set upon the paper a common-sized watch-glass
containing bromine water, and invert a beaker over the whole arrange-
ment. Needle-shaped crystals of coniine hydro-bromine soon form in
the dish as well as in the watch-glass.” Hydrochloric acid, used in the
same way, instead of bromine water, forms with coniine microscopic
needles of coniine hydrochlorate; both the hydro-bromide and the
hydrochlorate doubly refract light.  Nicotine does not respond to
this reaction.

Coniine forms with carbon disulphide a thiosulphate and a sulphite.
If carbon disulphide, therefore, be shaken with an aqueous solution of
coniine, the watery solution gives a brown precipitate with copper sul-
phate, colours ferric chloride solution dark brown-red, and gives a milky
opalescence with dilute acids. If coniine itself is added to carbon
disulphide, there is evolution of heat, separation of sulphur, and forma-
tion of thiosulphate. Nicotine does not respond to this reaction.

§ 320. The Constitution of the Coniine Bases.—Coniine is the
dextromodification of a-propylpiperiline,

CH,
H,C '/\' CH,
HC\/ CH-CH, - CH, - CH,

N
H

Coniine.
If the hydrochloride is distilled with zinc dust conyrine or a-propyl-pyri-
dine is formed,

CH,
N
Conyrine.

The coniceines are a-propylpiperidines. Five isomers have been
prepared, of which a-coniceine and y-coniceine are more poisonous
than coniine.

* Reactions, by F. A. Fliickiger, Detroit, 1893.
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a-coniceine is a liquid which boils at 158°. +-coniceine occurs in
Contum maculatum and also in commercial coniine; it is a liquid
boiling at 171°-~172°, optically inactive, and reduced by tin and HCI or
sodium and alcohol to inactive coniine,

CH,

H,C CH

HC\_/ C-CiH,

N
H

v-coniceine,

Conhydrine is found in Contum maculatum. Crystallises from ether
in colourless leaflets. Melts at 118°. Distils at 225°-226°. Soluble in
alcohol and in ether. Polarises to the right. It is an hydroxylated
coniine, and may be provisionally represented thus—

H C, OH
X

HC ¢ CH,

H,C U -CH-GC,H,
N
H
Pseudoconhydrine is isomeric with conhydrine and has similar
properties. It is a crystalline deliquescent powder, soluble in water,
alcohol, and ether. Melts at 101°~102°, boils at 229°-231°. Polarises
to the right. Is probably a stereoisomer of conhydrine.
Methylconiine is a colourless liquid. Sp. gr. 0'8318 at 24°. Boils
at 173°-174°. Polarises to the left.

CH,

H,C r\l CH,

H,C\ ) CH-CH,
X

o,

Methylconiine.

§ 321. Pharmaceutical Preparations.—The percentage of coniine in
the plant itself, and in pharmaceutical preparations, can be approxi-
mately determined by distilling the eoniine over, in a partial vacuum,*

* This is easily effected by uniting a flask containing the alkaloidal fluid, air-
tight, with a Liebig’s condenser and a receiver, the latter being connected with

Bunsen’s water-pump, or one of the numerous exhausting apparatus now in use in
every laboratory.



270 POISONS : THEIR EFFECTS AND DETECTION. [§ 322, 323.

and titrating the distillate with Meyer’s reagent, each c.c. = ‘00416 grm.
of coniine. It appears to be necessary to add powdered potassic chloride
and a small quantity of diluted sulphuric acid before titrating, or the
precipitate does not separate. In any case, the end of the reaction is
difficult to observe.*

The fresh plant is said to contain from about ‘04 to ‘09 per cent.,
and the fruit about 07 per cent. of coniine. .

The officinal preparations are—the leaves, the fruit, a tincture of
the fruit, an extract of the leaves, the juice of the leaves (Succus conii),
a compound hemlock pill (composed of extract of hemlock, ipecacuanha,
and treacle), an inhalation of coniine (Vapor conii), and a poultice
(Cataplasma conit) made with the leaves.

§ 322. Statistics of Coniine Poisoning.—F. A. Falckt has been
able to collect 17 cases of death recorded in medical literature, up to
the year 1880, from either coniine or hemlock. Two of these cases
were criminal (murders), 1 suicidal, 2 cases in which coniine had been
used medicinally (in one instance the extract had been applied to a
cancerous breast ; in the other, death was produced from the injection
of an infusion of hemlock leaves). The remaining 12 were cases in
which the root, leaves, or other portions of the plant had been
ignorantly or accidentally eaten.

§ 323. Effects on Animals.—It destroys all forms of animal life. The
senior author made some years ago an investigation as to its action on
the common blow-fly. Droplets of coniine were applied to various parts
of blow-flies, which were then placed under glass shades. The symptoms
began within a minute by signs of external irritation: there were rapid
motions of the wings, and quick and aimless movements of the legs.
Torpor set in speedily, the buzz soon ceased, and the insects lay on
their sides, motionless, but for occasional twitching of the legs. The
wings, as a rule, became completely paralysed before the legs, and
death occurred at a rather variable time, from ten minutes to two
hours. If placed in a current of air in the sun, a fly completely
under the influence of coniine may recover. Coniine causes in frogs,
similar to curarine, peripheral paralysis of the motor nerves, combined
with a transitory stimulation, and afterwards a paralysis of the motor
centres; in frogs the paralysis is not preceded by convulsions. Dragendorff
experimented on the action of coniine when given to five cats,
the quantities used being ‘06 to 6 grm. The symptoms came on
almost immediately, but with the smaller dose given to a large
cat, no effect was witnessed until twenty-five minutes afterwards;

* Dragendorff, Die chemische Werthbestimmung einiger starkwirkender Droguen,
St. Petersb., 1874.
+ Prakt. Toxieologie, p. 273.
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Eulenberg, its full narcotic effects on a child after subcutaneous in-
jection of 1 mgrm. (‘015 grain).

§ 327. Separation of Coniine from Organic Matters or Tissues.—
The substances are digested with water, acidulated with H,SO,, at a
temperature not exceeding 40°, and then filtered. If the filtrate should
be excessive, it must be concentrated ; alcohol is then added, the liquid
refiltered, and from the filtrate the alcohol separated by distillation,

On cooling, the acid fluid is agitated with benzene, and the latter
separated in the usual way. The fluid is now alkalised with ammonia,
and shaken up once or twice with its own volume of petroleum ether;
the latter is separated and washed with distilled water, and the alkaloid
is obtained almost pure. If the petroleum ether leaves no residue, it is
certain that the alkaloid was not present in the contents of the stomach
or intestine,

The affinity of coniine with ether or chloroform is such, that its solu-
tion in either of these fluids, passed through a dry filter, scarcely
retains a drop of water. In this way it may be conveniently purified,
the impurities dissolved by water remaining behind.

In searching for coniine, the stomach, intestines, blood, urine, liver,
and lungs are the parts which should be examined. According to
Dragendorf, it has been discovered in the body of a cat six weeks after
death.

Great care must be exercised in identifying any volatile alkaloid as
coniine, for the sources of error seem to be numerous. In one case* a
volatile coniine-like ptomaine was separated from a corpse, and thought
to be coniine ; but Otto found that in its behaviour to platinic chloride,
it differed from coniine ; it was very poisonous—'07 was fatal to a frog,
‘44 to a pigeon, in a few minutes. In the seeds of Lupinus luteus there
is a series of coniine-like substances,t but they do not give the character--
istic crystals with hydrochloric acid.

2. TOBACCO—NICOTINE.

§ 328. The different forms of tobacco are furnished by three species
of the tobacco plant, viz., Ntcotianum tabacum, N. rustica, and N.
persica.

Havana, French, Dutch, and the American tobaccos are in the main
derived from N. tabacum ; Turkish, Syrian, and the Latakia tobaccos
are the produce of N. rustica. There seems at present to be little of
N. persica in commerce. The following alkaloids have been isolated
from the aqueous extract from tobacco :—Nicotine, C, H, N, ; Nicotin-
ine, C,,H,,N,; Nicoteine, C,(H,,N,; and Nicotelline, C,,H;N,.

* Otto, Anleitung 2. Ausmittlung d. Gifte, 1875.
t Sievert, Zeitschrift fir Naturwissenschaften, 1869.
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The general composition of the whole plant may be gathered from
the following table :—

TABLE SHOWING THE COMPOSITION OF FRESH LEAVES OF TOBACCO
(POSSELT AND REINMANN)

Nicotine and other alkaloids, . . . . . . 0060
Concrete volatile oil, . . . . . . . . 0-010
Bitter extractive, . . . . . . . . . 2870
Gum with malate of lime, . . . . . . . 1-740
Chlorophyll, - e . .. .. 027
Albumen and gluten, . . . C . . 1-308
Malic acid, . . . . . . . 0510
Lignine md a trace of shrch . 4°969
Salts (sulphite, nitrate, and malate ol’ pohsh chlondo of
potassium, phosphate and malate of hme, and malate } 0734
of ammonia), . .
Silica, . . . . . . . . . . . 0-088
Water, . . . . . . . . . . 88280
100°836

§ 329. Quantitative Estimation of Nicotine in Tobacco.—Kellers
process (J.C.S., Abs., 1899, ii. 193) gives fair results, and is as follows:
—6 grms. of tobacco dried over quick-lime are powdered and treated
with 60 grms. of ether, 60 of petroleum ether, after the addition of 10
c.c. of 20 per cent. KOH solution ; after digesting 3-4 hours, 100 grms.
of the ethereal liquid are placed in a 200 c.c. flask, and a strong current
of air passed over to expel ammonia; 10 e.c. of water, 10 o.c. of alcohol,
and a drop of a 10 per cent. solution of iodeosin are added and the
whole shaken ; this causes the nicotine and iodeosin to pass into the
aqueous liquid. D.n. HCL acid is now added until the liquid is colour-
less ; the slight excess of acid is titrated back with d.n. ammonia. One
c.c. of the acid equals 16°2 mgrms. of nicotine,

M. Popoirci * has proposed a method based on Kissling’s process of
extraction, but the estimation is a polarimetric one; in this way the
difficulty of separating nicotine from ammonia is obviated, KFrom 20
to 40 grms. of dry tobacco are treated with 10 c.c. of alooholic soda
solution (6 per cent. NaOH in 100 c.c. of 57 per cent. alcohol) and
extracted with ether in a Soxhlet apparatus. The ether extract is
treated with 10 c.c. of a tolerably concentrated solution of phospho-
molybdic acid in nitric acid and shaken; the phosphomolybdate of
nicotine (with ammonia) is precipitated, the ether is separated, and the
precipitate treated with water to bring up the volume to 50 c.c. ; lastly,
8 grms. of BaOH are added; the yellow solution after standing for
some hours is filtered and polarised.

* Ztschr. f. physiol. Chem., 1889, 445.
18
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The following table is used :—

Grms. of Nicotine in Rotation in 2 dm. tube ‘ One minute of a degree I
50 c.c. solution. (minutes). corresponds to grm. Nicotine.
2-00 337 ’ 000594
176 298 0°00588
150 258 [ 000582
126 217 0-00576 !
100 175 ! 0-00572
076 133 0°00564
050 89 0+00562
0-25 45 H 0°00556 |

Mr. Cox * has determined the amount of nicotine in a number of
tobaccos as follows :—

Twenty-five grammes (or more or less, according to the amount of the
sample at disposal) of the dried and powdered tobacco were intimately
mixed with slaked lime, and distilled in a current of steam until the con-
densed steam was no longer alkaline ; the distillate was slightly acidu-
lated with dilute H,S0,, and evaporated to a conveniently small bulk.
This was made alkaline with soda, and agitated repeatedly with successive
portions of ether. The separated batches of ethereal solution of nicotine
were then mixed and exposed to the air in a cool place. This exposure
to the air carries away ammonis, if any be present, as well as ether.

Water was added to the ethereal residue, and the amount of nicotine
present determined by decinormal H,SO,, using methyl-orange as an
indicator. One c.c. of decinormal H SO, represents 00162 gramme of
nicotine (C,,H,,N,).

TABLE OF RESULTS, ARRANGED ACCORDING TO PER CENT.

OF NICOTINE.

Variety examined. Nicotine per cent.
1. Syrian leaves (a), . . . . . . . ‘612
2. American chewing, . . . . . . . 986
8. Syrian leaves (b), . . . . . . . 1°093
4. Chinese leaves, . . . . . . . 1-902
6. Turkish (coarse cut), . . . . . 2500
6. Golden Virginia (whole strlps), .. . 2501
7. Gold Flake (Virginia), - . . . . 2501
8. ‘‘Navy-cut” (light coloured), . . . . 2630
9. Light returns (Kentucky), . .. . 2783
10. ‘‘ Navy-cut” (dark ‘¢ all tobacco ”) . . . 3640
11. Best ¢ Bird’s-eye,” . . . . . 3981
12. Cut Cavendish (a), . . . . . . . 4212
18. “Best Shag”(a), . . . . . . . 4907
14. “Cut Cavendish”(d), . . . . . . 4970
16. ““Best Shag” (), . . . . . . . 59000
16. French tobacco, . . . . . . . 8711
17. Algerian tobacco(a), . . . - . . 8813
18. Algerian tobacco (b), . . . . . . 8900

+ I"harm. Journ., Jan, _20, .139:1.
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from the oxalate of ammonia. The best salts are the oxalate and the acid
tartrate of nicotine, from which to regenerate nicotine in a pure state.

Hydrochloride of nicotine is more easily volatilised than the pure
base. Nicotine is precipitated by alkalies, also by many oxyhydrates,
lead, copper, etc. It is also precipitated by tannin and gallic acids ; an
alcoholic solution of tannin completely precipitates an alcoholic solution
of nicotine. By the action of light, it is soon coloured yellow and brown
and becomes thick, in which state it leaves, on evaporation, a brown
resinous substance, only partly soluble in petroleum ether.

A very excellent test for nicotine, as confirmatory of others, is the
beautiful, long, needle-like crystals obtained by adding to an ethereal
solution of nicotine a solution of iodine in ether. The crystals require a
few hours to form. The various iodides, partly intramolecular and partly
additive, and the conditions under which they form, have been studied
by Kippenberger.*

Chlorine gas colours nicotine blood-red or brown; the product is
soluble in alcohol, and separates on evaporation in crystals.

Cyanogen also colours nicotine brown ; the product out of alcohol is
not crystalline. Platin chloride throws down a reddish crystalline pre-
cipitate, soluble on warming. A drop of nicotine poured on dry chromic
acid blazes up, and gives out an odour of tobacco camphor; if the ignition
does not occur in the cold, it is produced by a gentle heat. A solution
of nicotine in chloroform on the addition of iodine forms fine red crystals
(Roussiu’s crystals), C, H,,N,HL,I,+2 CHCly: the best proportions
seem to be the reaction of 2 atoms iodine on 1 molecule of nicotine.

It is scarcely possible to confound nicotine with ammonia, by reason
of its odour; and, moreover, ammonia may always be excluded by
converting the base into the oxalate, and dissolving in absolute alcohol.

On the other hand, a confusion between coniine and nicotine is apt
to occur when small quantities only are dealt with. It may, however,
be guarded against by the following tests :—

(1) If coniine be converted into oxalate, the oxalate dissolved in
alcohol, and coniine regenerated by distillation (best in vacno) with
caustic lye, and then hydrochloric acid added, a crystalline hydrochlorate
of coniine is formed, which doubly refracts light, and is in needle-shaped
or columnar crystals, or dendritic, moss-like forms. The columns after-
wards become torn, and little rows of cubical, octahedral, and tetrahedral
crystals (often cross or dagger-shaped) grow out of yellow amorphous
masses. Crystalline forms of this kind are rare, save in the case of
dilute solutions of chloride of ammonium (the presence of the latter is,
of course, rendered by the treatment impossible); and nicotine does
not give anything similar to this reaction.

*. Zeit, anal. Chemie, 1908, 22,
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muscular irritability is unaffected. The convulsions are not influenced
by artificial respiration, and are therefore to be considered as due to
the direct influence of the alkaloid on the nervous system. Nicotine
has a striking influence on the respiration, first quickening, then slowing,
and lastly arresting the respiratory movements : section of the vagus is
without influence on this action. The cause of death is evidently due
to the rapid benumbing and paralysis of the respiratory centre. Death
never follows from heart-paralysis, although nicotine powerfully influ-
ences the heart’s action, small doses exciting the terminations of the
vagus in the heart, and causing a slowing of the beats. Large doses
paralyse both the controlling and exciting nerve-centres of the heart;
the heart then beats fast, irregularly, and weakly. The blood-vessels
are first narrowed, then dilated, and, as a consequence, thc blood-
pressure first rises, then falls. Nicotine has a special action on the
intestines. As O. Nasse * has shown, there is a strong contraction of
the whole tract, especially of the small intecstine, the lumen of which
may be, through a continuous tetanus, rendered very small. This is
ascribed to the peripheral excitation of the intestinal nerves and the
ganglia. The uterus is also excited to strong contraction by nicotine;
the secretions of the bile and saliva are increased.

§ 335. Fatal Dose.—The fatal dose for dogs is from § to 2 drops;
for rabbits, a quarter of a drop ; for an adult not accustomed to tobacco
the lethal dose is probably 6 mgrms.

§ 336. Post-mortem Appearances.—There seem to be no appearances
so distinctive as to be justly ascribed to nicotine or tobacco poisoning
and no other.

A more or less fluid condition of the blood, and, generally, the signs
of death by the lungs, are those most frequently found. In tobacco-
poisoning, when the leaves themselves have becn swallowed, there may
be some inflammatory redness of the stomach and intestine.

§ 337. Separation of Nicotine from Organic Matters, etc.—The
process for the isolation of nicotine is precisely that used for coniine
(see p. 272). It appears that it is unaltered by putrefaction, and may
be separated and recognised by appropriate means a long time after
death. Orfila detected it in an animal two or three months after death ;
Melscns discovered the alkaloid unmistakably in the tongues of two
dogs, which had been buried in a vessel filled with earth for seven
years; and it has been found, by several experiments, in animals buried
for shorter periods. Nicotine should always be looked for in the
tongue and mucous membrane of the mouth, as well as in the usual
viscera. The case may be much complicated if the person supposed
to be poisoned should have been a smoker; for the defence would

* Beitrige zur Physiologie der Darmbewegung, Leipsic, 1866.
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being that it does not change colour on warming with hydrochloric acid and the
addition to the mixture afterwards of a little nitric acid. The physiological action
seems to be but little different from that of nicotine. It is, of course, poisonous, but
a8 yet has no forensic importance.

4. SPARTEINE.

§ 339. In 1851 Stenhouse * separated a poisonous volatile alkaloid from Spartium
scoparium, the common broom, to which he gave the name of sparteine. At the
same time a crystalline non-poisonous substance, scoparin, was discovered.

Sparteine is separated from the plant by extraction with sulphuric acid holding
water, and then alkalising the acid solution and distilling : it has the formula
(C;5HggNy), and belongs to the class of tertiary diamines. It is a clear, thick, oily
substance, scarcely soluble in water, to which it iparts a strong, alkaline reaction ;
it is soluble in alcohol, in ether, and chloroform ; insoluble in benzene and in petro-
leum ; it boils at 288°, Sparteine neutralises acids fully, but the oxalate is the only
one which can be readily obtained in crystals. It forms crystalline salts with platinic
chloride, with gold chloride, with mercuric chloride, and with zinc chloride. The
picrate is an especially beautiful salt, crystallising in long needles, which, when dried
and heated, explode. On sealing sparteine up in a tube with ethyl iodide and
alcohol, and heating to 100° for an hour, ethyl sparteine iodide separates in long,
neodle-like crystals, which are somewhat insoluble in cold alcohol.

Effect on Animals.—A single drop kills a rabbit ; the symptoms are similar te
those produced by nicotine, but the pupils are dilated.t

5. ANILINE.

§ 340. Properties,— Aniline or amido-benzol (C;H,NH,) is made by the reduction
of nitro-benzol. It is an oily fluid, colourless when quite pure, but gradually
assuming a yellow tinge on exposure to the air. It has a peculiar and distinctive
smell. It boils at 182°5°, and can be congealed by a cold of 8°. It is slightly soluble
in water, 100 parts of water at 16° retaining about 8 of aniline, and easily soluble in
alcohol, ether, and chloroform. It does not blue red litmus-paper, but nevertheless
acts as a weak alkali, for it precipitates iron from its salts. It forms a large number
of crystalline salts. The hydrochloride crystallises in white plates, and has a melting-
point of 192°. The platinum compound has the formula of (CgH,NH,HCI),PtCl,, and
crystallises in yellow needles.

§ 341. Symptoms and Effects.—Aniline, like picric acid, coagulates albumin.
Aniline is a blood poison; it produces, even during life, in some obscure way,
methemoglobin, and it disintegrates the red blood corpuscles; both these effects
lessen the power of the blood corpuscles to convey oxygen to the tissues, hence the
cyanosis observed so frequently in aniline poisoning is explained. Engelhardt} has
found that aniline black is produced ; in every drop of blood there are fine black
granules, the total effect of which produces a pale blue or grey-blue colour of the skin.
Aniline has also an action on the central nervous system, at first stimulating, and
then paralysing. Schmiedeberg finds that para-amido-phenol-ether-sulphuric acid is
produced, and appears in the urine as an alkali salt ; a small quantity of fuchsine is
also produced, and has been found in the urine. Some aniline may be excreted
unchanged.

* Phil, Trans., 1851.

+ To the nicotine group, gelsemine (Cg,HyN;0,) and oxalathylin (CgH,oN,) also
belong, in a physiological sense, but gelsemine, like sparteine, dilates the pupil.

t Britrige zur 1ox. des Anilins, Inaug,-Diss., Dorpat, 1888.
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[§ 344.

The following is a nearly complete list of the constituents which have

been found in opium :—

Alkaloids.—I. The Morphine Group.

Morphine, C,;H,,NO,.
Codeine, C,gHy; NO;.

Very poisonous (except Pseudomorphine).

Pseudomorphine (C,;H ;N Oj;)o.
Thebaine, C;;H; NO;.

II. The Papaverine Group.

Papaverine, CoyHnNO,.
Codamine, CyHy;NO,.
Laudanine, C,)HyNO,.
Laudanidine, CpHyNO,.
Laudanosine, C,H;;NO,.
Tritopine (Cy Hy»zNO;),0.
Meconidine, C,,HxNO,.
Lanthopine, CosHosNO,.
Protopine, CyH,;,NO;.

Cryptopine, CuHyNO;.
Papaveramine, Cy, H,,NO;.
Narcotine, CxHyNO,.
Gnoscopine, Cy,Hy,NO,.
Oxynarcotine, CpoHyNO;.
Narceine, Co;H,;, NOg.
Hydrocotarnine, C,,H;;NO,.
Xanthaline, C5H33N,0,.

Other Constituents,
Lactic Acid. Opianine.
Acetic Acid. Fat.
Meconidine, C;;HxNO,. Resin.
Meconine, C;H,,0,. . Caoutchoue.

Meconic acid, C,H,0;.
Thebolactic acid.

Gummy matters— Vegetable mucus.
Ash, containing the usual constituents.

The various opiums differ, the one from the other, in the percentages
of alkaloids, so that only a very general statement of the mean composi-
tion of opium can be made. The following statement may, however, be

accepted as fairly representative of these differences: —

Morphine, .

Narcotine,

Other alkaloids,

Meconin, . . .
Meconic acid, . . .
Peculiar resin and caoutchoue,
Fat, . .

Gum and soluble humoid acid matters,

Insoluble matters and mucus,
Ash, .
Water,

Per cent.
6 to 23
4to 8
bto 2
under 1
3to 8
5to 10
1to 4
40 to 50
18 to 20
4to 8
8 to 30

The general results of the analysis of 12 samples of Turkey opium,
purchased by Mr. Bott,* from leading druggists in London, Dublin, and

Edinburgh, are as follows :—

Water.—Highest, 31°2 ; lowest, 18-4 ; mean, 224 per cent.
Insoluble Residue.—Highest, 479 ; lowest, 2645 ; mean, 32'48 per

cent.

Aqueous Extract.—Highest, 56:15 ; lowest, 2090 ; mean, 4590 per

cent.

* Yeur Book of Pharmacy, 1876.
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of water and 3 c.c. of 90 per cent. alcohol; next 2 c.c. solution of
ammonia (sp. gr. 0°960) and 25 c.c. of dry ether are added. The flask
is corked, shaken, and then allowed to rest over-night.

The ether is decanted, or drawn off, as completely as possible. Two
filter-papers are taken and counterpoised—that is to say, they are made
precisely the same weight. The filters are placed one inside the other,
and the precipitate collected on the inner one; the precipitate is washed
with morphinated water—that is to say, water in which morphine has been
digested for some days. The filter-papers with their contents are washed
with benzene and dried, the outer paper put on the pan of the balance
carrying the weights, and the inuer filter with the precipitate weighed.
The precipitate is now digested with a known volume of decinormal acid,
and then the excess of acid ascertained by titration with decinormal
alkali, using either lacmoid or cochineal; each c.c. of decinormal acid
is equal to 30'3 mgrms. of morphine.*

Dott’s Process.—Dott has proposed a new process, which he
states has given good results. The process is as follows :—10 grammes
of powdered opium are digested with 25 c.c. water; 1'8 grammes
barium chloride dissolved in about 12 c.c. water are then added, the solu-
tion made up to 50 c.c,, well mixed, and after a short time filtered ;
22 c.c. (representing 5 grammes opium) are mixed with dilute sulphuric
acid in quantity just sufficient to precipitate the barium. About 1 c.c.
is required, and the solution should be warmed to cause the precipitate
to subside, and the solution to filter clear. To this filtered solution a
little dilute ammonia, about 05 c.c., is added to neutralise the free acid,
and the solution concentrated to 6 or 7 c.c., and allowed to cool. 1 c.c.
spirit and 1 c.c. ether are then added, and next ammonia in slight excess.
The ammonia should be added gradually until there is no further pre-
cipitation, and a perceptible odour of ammonia remains after well stirring
and breaking down any lumps with the stirring rod. After three hours
the precipitate is collected on counterpoised filters and washed. Before
filtering, it should be noted that the solution has a faint odour of

" ammonia: if not, one or two drops of ammonia solution should be added.
The dried precipitate is washed with benzene or chloroform, dried, and
weighed. It is then titrated with /10 acid, until the morphine is
neutralised, as indicated by the solution reddening litinus-paper.t

* Pharm. Journal, xix. 45, 82; xxii. 746, Wright and Farr, Chemist and
Druggist, 1893, i. 78.

+ Other methods of opium assay have been published : see A. B. Prescott’s
method (Proceedings of Amer. Pharm. Assoc., 1878); Allen (Commercial Org.
Amnalysis, vol. ii. p. 473); E. R. Squibb’s modification of Fliickiger’s method
(Pharm. Journ. (3), xii. p. 724); a rapid mode of opium assay, MM. Portes and
Lanjlois (Journ. de Pharm. et de Chim., Nov. 1881) ; Year Book of Pharmacy, 1882.

To theabove may be added—(1) Schacht’s Method.—5 to 10 grms. of dry, finely-
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§ 347. Medicinal and other Preparations of Opium.—The chief
mixtures, pills, and other forms, officinal and non-officinal, in which
opium may be met with, are as follows :—

(1) OFFICINAL.

Compound Tincture of Camphor, P. B. (Paregoric).—Opium, cam-
phor, benzoic acid, oil of anise, and proof spirit: the opium is in the
proportion of about 04 per cent., or 1 grain of opium in 240 minims.

Ammoniated Tincture of Opium (Scotch paregoric).—Strong solution
of ammonia, rectified spirit, opium, oil of anise, saffron, and benzoic
acid. Nearly 1 per cent. or 1 grain of opium in every 96 minims.

The Compound Powder of Kino, P. B.

Opium, . . . . . . . 5 per cent.
Cinnamon, . . . . . . 20 ,,
Kino, . . . . . . . 7%
The Compound Powder of Opium, P. B.
Opium, . . . . . . . 1000 per cent.
Black Pepper, . . . . . . 1333,
Ginger, . . . . . . . 3333
Caraway Fruit, . . . . . . 4000 ,,
Tragacanth, . . . . . 333
Pill of Lead and Opium, P. B.
Acetate of Lead, e .. 750 percent.
Opium, . . . . . . . 125 .
Confection of Roses, . . . . . 126 »

Tincture of Opium (Laudanum).—Opium and proof spirit. One
grain of opium in 14'8 minims—that is, about 6-7 parts by weight in
100 by measure.

The amount of opium actually contained in laudanum has been
investigated by Mr. Woodland,* from fourteen samples purchased from
London and provincial chemists. The highest percentage of extract was
501, the lowest 3:21, the mean being 4:24 ; the highest percentage of
morphine was ‘70 per cent., the lowest ‘32, the mean being -51 per cent.
It is, therefore, olear that laudanum is a liquid of very uncertain
strength.

Aromatic Powder of Chalk and Opium.—Opium 2°5 per cent., the
rest of the constituents being cinnamon, nutmeg, saffron, cloves, carda-
moms, and sugar.

* Year Book of Pharmacy, 1882.
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lozenges, substituting morphine for opium ; each lozenge contains
grain of hydrochlorate of morphia (1'8 mgrm.).

Syrup of Poppies.—The ordinary syrup of poppies is sweetened
laudanum. It should, however, be what it is described—viz., a syrup
of poppy-heads. As such, it is said to contain one grain of extract of
opium to the ounce.

(2, PATENT AND OTHER NOK-OFFICINAL PREPARATIONS OF OPITM.

Godfrey’s Cordial is made on rather a large scale, and is variable in strength and
enmposition. It usually contains about 1} grains of opium in each fluid ounce,® and,
as other constituents: sassafras, molasses or treacle, rectified spirit, and various
flavouring ingredients, especially ginger, cloves, and coriander ; aniseed and caraways
may also be detected.

Grinrod’s Remedy for Spasms consists of hydrochlorate of morphine, spirit of
sal-volatile, ether, and camphor julep; strength, 1 grain of the hydrochlorate in
every 6 ounces.

Lemaurier’s Odontalgic Essence is acetate of morphine dissolved in cherry-
laurel water ; strength, 1 grain to the ounce.

Nepenthe is a preparation very similar to Lig. Opii sedatir., and is of about the
same strength as laudanum.

Black Drop (known slso by various names, such as Armstrong’s Black Drop)
is essentially an acetic acid solution of the constituents of opium. It is usually
considered to be of four times the strength of lsudanum. The wholesale receipt
for it is: Laudanum, 1 oz., and distilled vinegar 1 quart, digested for a
fortnight. The original formula proposed by the Quaker doctor of Durham,
Edward Tunstall, is—Opium, sliced, } 1b. ; good verjuice,: 3 pints; and nutmeg,
1} oz. ; boiled down to a syrup thickness; } lb. of sugar and 2 teaspoonfuls of
yeast are then added. The whole is set in a warm place for six or eight weeks,
after which it is evaporated in the open air until it becomes of the consistence of
a syrup. It is lastly decanted and filtered, a little sugar is added, and the liquid
made up to 2 pints.

¢ Nurses’ Drops *’ seem to be composed of oil of caraway and lsudanum.

Powell’s Balsam of Aniseed, according to evidencein the case of Pharmaccutical
Society v. Armson (Pharm. Journ., 1894), contains in every oz. y; grain of morphine.

Dalby’s Carminative—

Carbonate of magnesis, . . . . 40 grains.
Tincture of castor, and compound tmcture of

cardamoms, of each - .o . 15 drops.
Laudanum, . . . . . . . . 5
Oil of aniseed, . . . . . . . 8
Oil of nutmeg, . . . . . - . 2drops
0il of peppermint, . . . . . R
Peppermint water, . . 2 fl. ounces.

Dose, from a half to one teaspoonful. Another roclpe has no laudanum, but instead
syrup of poppies.

* If made according to Dr. Paris’ formula, 1§ grains in an ounce.

t 1t may be regarded as a purified alcoholic solution of meconate of morphia, with
a little excess of acid, and of about the same strength as laudanum. — Taylor.

% Verjuice is the juice of the wild crab.
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Chlorodyne—Brown’s Chlorodyne is composed of—

Chloroform, . . . . . . . . 6 drachms.
Chloric ether, . . . . . . S | '
Tincture of capsicum, . . . . . .k vy
Hydrochlorate of morphine, . . . 8 grains,
Scheele’s prussic acid, . . . . .12 drops.
Tincture of Indian hemp, . . . . .1 drachm.
Treacle, . . . . 1 "
Atkinson’s Infant Preserver—
Carbonate of magnesia, . . . . . 6 drachms,
White sugar, . . . . . . .2 ounces.
0il of aniseed, . . . . . . . 20 drops.
8pirit of sal-volatile, . . . . . . 24 drachms.
Laudanum, . . . . o1 '
Syrup of saffron, . . . . . .1 ounce.
Caraway water, to make up, 1 pint
Boerhaave’s Odontalgic Essence—
Opium, . . . . . . . . 4 drachm.
0il of cloves, . . . . . . .2,
Powdered camphor, . . . . . . 5 .
Rectified spirit, . . . . . . . 1} fl. ounces.

§ 348. Statistics.—During the ten years 1894-1903, 1505 deaths
in England and Wales were attributed to some form or other of opium
or its active constituents ; 882 were due to accident or negligence ; 621
were suicidal and 2 were homicidal deaths. To these may be added
the deaths of 66 males and 36 females (102 total) from the accidental
taking of chlorodyne, the suicidal deaths of 36 males and 3 females
from the same drug, and 9 children dying from soothing syrup, making
a grand total of 1655 deaths from some form or other of opium or its
active constituents in ten years. The sex distribution of the deaths
ascribed to accident and those ascribed to suicide are detailed in the
following tabular statement :—

DEATHS IN ENGLAND AND WALES DURING THE TEN YEARS 1894-1903
FROM OPIUM, LAUDANUM, MORPHINE, Erc.

ACCIDENT. | SuIiCIDE.
Males, . . . . . 53  Males, . . . . . 432
‘emales, . . . . . 346 ! Females, . . . . . 189
Total, . 882 ’ Total, . 621

Of European countries, England has the greatest proportional number
of opium poisonings. In France, opium or morphine poisoning accounts
for about 1 per cent. of the whole ; and Denmark, Sweden, Switzerland,
Germany, all give very small proportional numbers ; arsenic, phosphorus,
and the acids taking the place of opiates. The more considerable mor-
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tality arises, in great measure, from the pernicious practice—both of the
hard-working English mother and of the baby-farmer—of giving infants
various forms of opium sold under the name of “soothing syrups,”
“infants’ friends,” ““infants’ preservatives,” * nurses’ drops,” and the like,
to allay restlessness, and to keep them during the greater part of their
existence asleep. Another fertile cause of accidental poisoning is mistakes
in dispensing ; but these mistakes seem to happen more frequently on
the Continent than in England. This is in some degree due to the
decimal system, which has its dangers as well as its advantages, e.g. :—A
physician ordered ‘5 decigrm. of morphine acetate in a mixture for a child,
but omitted the decimal point, and the apothecary, therefore, gave ten
times the dose desired, with fatal effect. Again, morphine hydrochlorate,
acetate, and similar soluble salts are liable to be mistaken for other white
powders, and in this way unfortunate accidents have occurred—accidents
that, with proper dispensing arrangements, should be impossible.

§ 349. Poisoning of Children by Opium.—The drugging of children
by opium—sometimes with a view to destroy life, sometimes merely for
the sake of the continual narcotism of the infant—is especially rife in
India.* A little solid opium is applied to the roof of the mouth, or
smeared on the tongue, and some Indian mothers have been known to
plaster the nipples with opium, so that the child imbibes it with the
milk. Europeans, again and again, have discovered the native nurses
administering opiates to the infants under their care, and it is feared
that in many cases detection is avoided.

The ignorant use of poppy-tea has frequently caused the death of
young children ; thus in'1875 an inquest was held at Chelsea on the
body of a little boy two years and a half old. He had been suffering
from whooping-cough and enlargement of the bowels, and poppy-tea
was by the advice of a neighbour given to him. Two poppy-heads were
used in making a quart of tea, and the boy, after drinking a great
portion of it, fell into a deep sleep, and died with all the symptoms of
narcotic poisoning.

§ 350. Doses of Opium and Morphia.—Opium in the solid state is
prescribed for adults in quantities not exceeding 3 grains, the usual dose
being from 16'2 mgrms, to 64'8 mgrms. (} to 1 grain). The extract of
opium is given in exactly the same proportions (special circumstances,
such as the habitual use of opium, excepted); the dose of all the com-
pounds of opium is mainly regulated by the proportion of opium contained
in them.

The dose for children (who bear opium ill) is usually very small ;
single drops of landanum are given to infants at the breast, and the dose
cautiously increased according to age. Most practitioners would consider

* Sce Dr. Chever’s Jurisprudence, 8rd ed., 232 et seg.
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Morphine Acetate.

11:70 parts of water by weight at 15°0° dissolve 1 part of morphine
acetate.

615 parts of water by weight at 100° dissolve 1 part of morphine
acetate. )

68:30 parts of alcohol by weight (‘820 specific gravity) at 15°0° dissolve
1 part of morphine acetate.

13:30 parts of alcohol by weight (-820 specific gravity) at 100° dissolve
1 part of morphine acetate.

Morphine Hydrochlorate.
2340 parts of water dissolve at 15° 1 morphine hydrochlorate.
‘51 part of water dissolves at 100° 1 morphine hydrochlorate.
6270 parts of alcohol (‘820 specific gravity) dissolve at 15° 1 morphine
hydrochlorate.
3080 parts of alcohol (‘820 specific gravity) dissolve at 100° 1 morphine
hydrochlorate.

Morphine Sulphate.
21'60 parts of water at 15° dissolve 1 morphine sulphate.
‘75 part of water at 100° dissolves 1 morphine sulphate.
701'5 parts of alcohol (*820) at 15° dissolve 1 morphine sulphate.
14400 parts of alcohol (-820) at 100° dissolve 1 morphine sulphate.

§ 354. Constitution of Morphine and Codeine.—Morphine is a
tertiary base. It forms diacetyl and dibenzoyl derivatives, hence it
contains two hydroxyl derivatives, one a phenol, the other an alcohol.
Morphine when mildly oxidised forms pseudomorphine identical with
natural pseudomorphine.

2C;H,(NO;+0 = (C,;H;;NO,),+H,0
Pseudomorphine.

Sulphuric, hydrochloric, phosphoric and oxalic acids, the alkalies,
and zinc chloride have a twofold action on morphine, giving conden-
sation products and a dehydration product, apomorphine C,;H;NO,,
which has a powerful emetic action. Apomorphine is an amorphous base
soluble in alcohol, ether, and chloroform. Codeine is the monomethyl
ester of morphine,

C,,H,.NO(OH)(OH) C,;H,;NO(OH)(OCH,)
Morphine. Codeine.

Codeine by loss of water yields apocodeine C,jH,,)NO,. By treating
codeine with concentrated hydrochloric acid at 100°, chlorcodide,
C;sH2CINO,, is obtained; on heating this with hydrochloric acid at
150°, methyl chloride and apomorphine result, Morphine has been
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converted into codeine by heating with methyl iodide and caustic
potash when the phenol hydroxyl of the morphine is alkylated,
C;;H,;NO(OH), + CHyl + KOH —> C;H;;NO(OH)(OCH,) + KI + H,0
Morphine, Codeine.
When codeine methyl hydroxide is distilled it yields methyl-
morphimethine (OH)(CH;0)C,;H,;0 = N — CH; + H,0 ; this heated with

OH
HCI gives methyldioxyphenanthrene "7,_,\)0“1{8 and dimethyloxethyl-
CH,0
amine OH - C,H, - N(CH,),. The first of these has been shown to be
the monomethyl ether of dioxyphenanthrene or methyl morphol; the free
base from this is known as morplol, and has been proved to be 3, 4 dioxy-
phenanthrene, and methyl morphol is 3-methoxy-4-oxyphenanthrene,
. OH OH 02 OCH,
— N
Morphol. Methylmorphol,
The nitrogenous base formed on heating methylmorphimethine
CH,0H
with HCl may be represented thus, | dimethyl ethyl
CH,N(CHy),
oxethylamine, and from the formation of this compound morphine is
considered to contain an oxazine ring of the form
(o)

HC ¢\ CH,

He\ /) CH,
NH
this is called morpholine.

Morphine and codeine thus appear to be ring systems containing the
phenanthrene complex in connection with a morpholine ring, and the
following formula has been proposed for morphine,
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§ 355. Tests for Morphine.—(1) One hundredth of a milligrm. of
pure morphine gives a blue colour to a paste of ammonium molybdate
in sulphuric acid ; 20 mgrms. of ammonium molybdate are rubbed with
a glass rod in a porcelain dish, and well mixed with 5 drops of pure
strong sulphuric acid and the morphine in a solid form applied ; titanic
acid and tungstates give similar reactions.

(2) Morphine possesses strong reducing properties; a little solid
morphine dissolved in a solution of ferric chloride gives a Prussian
blue precipitate when ferridcyanide solution is added. A number of
ptomainesand other substances also respond to this test, so that in itself
it is not conclusive.

(3) Kobert’s Test.—2-3 drops of formalin are mixed with 3 c.c. of
strong H,SO,; this reagent is mixed in a watch-glass with the dry
substance. Morphine becomes purple-red, then violet, then clear blue.
The solution examined spectroscopically shows a band in the yellow and
orange ; dionin, codeine, and heroine give similar reactions ; methylphen-
morpholin gives an intense red colour.

(4) Iodic Acid Test.—The substance supposed to be morphine is
converted into a soluble salt by adding to acid reaction a few drops of
hydrochloric acid, and then evaporating to dryness. The salt thus
obtained is dissolved in as little water as possible—this, as in toxi-
cological researches only small quantities are recovered, will probably
be but a few drops. A little of the solution is now mixed with a very
small quantity of starch paste, and evaporated to dryness at a gentle
heat in a porcelain dish. After cooling, a drop of a solution of 1 part
of iodic acid in 15 of water is added to the dry residue ; and if even the
70500 of 8 grain of morphine be present, a blue colour will be developed.

Another way of working the iodic acid test is to add the iodic acid
solution to the liquid in which morphine is supposed to be dissolved
and then shake the liquid up with a few drops of carbon disulphide. If
morphine be present, the carbon disulphide floats to the top distinctly
coloured pink. Other substances, however, also set free iodine from
iodic acid, and it has, therefore, been proposed to distinguish morphine
from these by the after-addition of ammonia. If ammonia is added to
the solution, which has been shaken up with carbon disulphide, the pink
or red colour of the carbon disulphide is deepened, if morphine was
present ; on the contrary, if morphine was mof present, it is either
discharged or much weakened.

(5) Lloyd’s Test.—A mixture of hydrastin and morphine mixed
with a few drops of sulphuric acid develops after about five minutes a
blue-violet colour. This reaction has been investigated by J. L. Mayer *
and shown to be almost distinctive.

* Zeit. f. analyt. Chemie, 1902, 576
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ing altogether 4 grms. of chandoo. After the fourth pipe there was
some headache, at the tenth pipe and onwards giddiness. Half an hour
after the last pipe the giddiness and headache rapidly went off. In any
case, opium-smoking seems to injure the health of Asiatics but little.
Mr. Vice-Consul King, of Kew-Kiang, in a tour through Upper Yangtse
and Szechuan, was thrown much into the company of junk sailors and
others, ‘“almost every adult of whom smoked more or less.” He says:
—*“Their work was of the hardest and rudest, rising at 4 and working
with hardly any intermission till dark, having constantly to strip and
plunge into the stream in all seasons, and this often in the most
dangerous parts. The quantity of food they eat was simply prodigious,
and from this and their work it seems fairly to be inferred that their
constitution was robust. The two most addicted to the habit were the
pilot and the ship’s cook. On the incessant watohfulness and steady
nerve of the former the safety of the junk and all on board depended ;
while the second worked so hard from 3 aA.M. to 10 p.M, and often
longer, and seemed so independent of sleep or rest, that to catch him
seated or idle was sufficient cause for good-humoured banter. This
latter had a conserve of opium and sugar which he chewed during the
day, as he was only able to smoke at night.”

§ 362. Treatment of Opium or Morphine Poisoning.—The first
thing to be done is doubtless to empty the stomach by means of the
flexible stomach-tube ; the end of a sufficiently long piece of indiarubber
tubing is passed down into the pharynx and allowed to be carried into
the stomach by means of the natural involuntary movements of the
muscles of the pharynx and gullet ; suction is then applied to the free
end and the contents syphoned out; the stomach is, by means of a
funnel attached to the tube, washed out with warm water, and then
some coffee administered in the same way.

Should morphine have been taken, and permanganate of potash be
at hand, it has been shown that under such circumstances potassic per-
manganate is a perfect antidote, decomposing at once any morphine
remaining in the stomach ; but it, of course, will have no effect upon any
morphine which has already been absorbed. In a case of opium poison-
ing, reported in the Lancet of June 2, 1894, by W. J. C. Merry, M.B,,
inhalations of oxygen, preceded by emptying the stomach and other
means, appeared to save a man, who, three hours before the treatment,
had drunk 2 ozs. of chlorodyne. It is also the received treatment
to ward off the fatal sleep by stimulation ; the patient is walked about,
flicked with a towel, made to smell strong ammonia, and so forth. This
stimulation must, however, be an addition, but must never replace the
measures first detailed.

§ 363. Post-mortem Appearances.—There are no characteristic
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Dragendorff * found it in the blood of a cat twenty-five minutes after a
subcutaneous dose, and he also separated it from the blood of a man
who died of morphine poisoning in six hours. Haidlen t recognised
morphine in the blood of a suicide who had taken opium extract.

On the other hand, in a case where a woman died in six hours from
a moderate dose, probably of landanum, although the quantity of blood
operated upon was over a pound in weight, and every care was taken,
the results were entirely negative. In poisoning by laudanum there
may be some remaining in the stomach, and also if large doses of
morphine have been taken l;y the mouth; but when morphine has
been administered hypodermically, and in all cases in which several
hours have elapsed, one may almost say that the organ in which there
is the least probability of finding the poison is the stomach. It may,
in some cases, be necessary to operate on a very large scale;—to
examine the faces, mince up the whole liver, the kidney, spleen, and
lungs, and treat them with acid alcohol. The urine will also have to be
examined, and as much blood as can be obtained. In cases where all
the evidence points to a minute quantity (under a grain) of morphine,
it is decidedly best to add these various extracts together, to distil off
the alcohol at a very gentle heat, to dry the residue in a vacuum,
to dissolve again in absolute alcohol, filter, evaporate again to dryness,
dissolve in water, and then use the following process :—

§ 365. Extraction of Morphine.—To specially search for morphine in
such a fluid as the uring, it is, according to the authors’ experience, best
to proceed strictly as follows :—The urine is precipitated with acetate of
lead, the powdered lead salt being added to the warm urine contained in
a beaker on the water-bath, until a further addition no longer produces
a precipitate ; the urine i8 then filtered, the lead precipitate washed, and
the excess of lead thrown down by SH,; the lead having been filtered
off, and the precipitate washed, the urine is concentrated down to a syrup
in a vacuum. The syrup is now placed in a separating tube (if not acid,
it is aciditied with hydrochloric acid), and shaken up successively with
petroleum ether, chloroform, ether, and, lastly, with amylic alcohol (the
latter should be warm) ; finally, the small amount of amylic alcohol left
dissolved in the liquid is got rid of by shaking it up with petroleum
ether. To get rid of the last traces of petroleum ether, it may be neces-
sary to turn the liquid into an evaporating dish, and gently heat for a
little time over the water-bath. The acid liquid is now again transferred
to the separating tube, and shaken up with ether, after being made

* Kauzmann, Beitrdge fiir den gerichtlich-chemischen Nachweis des Morphia u.
Nurcotins, Dissert., Dorpat, 1868. Dragendorff, PAarm. Zeitschr. f. Russland, 1868,
Hft. 4.

t Wiirtbg. Correspondenzbl., xxxiv. 16, 1896.
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ing cell is described at p. 261. Its melting-point, taken in a tube, is
about 176°.

Behaviour of Narcotine with Reagents.—Narcotine, dissolved in
dilute hydrochloric acid, and then treated with a little bromine, gives a
yellow precipitate, which on boiling is dissolved ; by gradually adding
solution of bromine and boiling, a fine rose colour is produced, readily
destroyed by excess of bromine. This is perhaps the best test for the
presence of narcotine. Concentrated sulphuric acid dissolves narcotine ;
the solution in the cold is at first colourless, after a few minutes yellow,
and in the course of a day or longer the tints gradually deepen. If the
solution is warmed, it first becomes orangered, then at the margin
violet-blue ; and if heated until hydric sulphate begins to volatilise, the
colour is an intense red-violet. If the heating is not carried so far, but
the solution allowed to cool, a delicate cherry-red hue slowly develops.
If the sulphuric acid solution contains 1 : 2000 of the alkaloid, this
test is very evident; with 1 : 40,000, the colour is only a faint carmine.
—A. Husemann,

A solution of narcotine in pure sulphuric acid, to which a drop of
nitric acid has been added, becomes of a red colour; if the solution is
warmed to 150°, hypochlorite of soda develops a carminered; and
chloride of irom, first a violet, then.a cherry-red. The precipitants
of narcotine are—phosphomolybdic acid, picric acid, sulphocyanide of
potash, potassio cadmic iodide, mercuric chloride, platinic chloride, auric
chloride, and several other reagents.

Constitution of Narcotine.—Narcotine contains three methoxyl
groups, and also an N-CH; group, for when heated with alkalies
to 220° it yields methylamine, dimethylamine, and trimethylamine.
Heated with water or H,80, at 140° it yields C,,H,,0, opianic acid
and CH,,NO; hydrocotarnine. Hydrocotarnine is the reduction pro-
duct of cotarnineand is a derivative of methyl tetrahydroisoquinoline,

CH,
CH,0, /"N CH,

CH,0

VAV
CH,
Hydrocolarnine.
Opianic acid when oxidised forms hemipinic acid ; and, when reduced,
meconine; and may be represented as

CHO OlH
-COOH HC——O0
—OCH, or in its tautomeric form as /W - 06
CH, - OCH;
Opianic Acid. Hy
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Narcotine is a tertiary base and contains no carboxyl or aldehyde
group, so that its formula is probably

CH,
CH,0, l/\l/\ CH,
CH,0 \/\) N -CH,
CH
|
CH—oO0

O-cc')

oo,
Narcotine.

§ 367. Effects.—Narcotine in itself has toxic action only in rather
large doses; from 1 to 2 grms. have been given to man, and slight
hypnotic effects have followed. It is poisonous in very large doses;
an ordinary-sized cat is killed by 3 grms. The symptoms are mainly
convulsions.

§ 368. Codeine (Codomethylene), C,;H,;,OCH4(OH)NO + H,0, is the
monomethyl ester of morphine; it is an alkaloid contained in opium
in small quantity only. Mulder, indeed, quotes ‘66 to ‘77 per cent. as
present in Smyrna opium, but Merck and Schindler give 25 per cent.
Schindler found in Cunstantinople, ‘5 per cent. ; and Merck, in Bengal,
‘b per cent. also.

Codeine crystallises out of dry ether in small, colourless, anhydrous
crystals ; but crystallised slowly from an aqueous solution, the crystals
are either in well-defined octahedra, or in prisms, containing one atom of
water, and melting in boiling water to an oily fluid. The anhydrous
crystals have a melting-point of 155°, and solidify again on cooling. Its
watery solution is alkaline to litmus-paper.

It requires 80 parts of cold, 17 of boiling water, 76 of carbon tetra-
chloride, 10 parts of benzole, and 7 parts of amyl alcohol respectively,
for solution. Alcohol, benzene, ether, carbon disulphide, and chloroform
freely dissolve it, but in petroleum ether it is almost insoluble. Further,
it is also soluble in aqueous ammonia and in dilute acids, but insoluble
in excess of caustic potash or soda, and may thus be thrown out of an
aqueous solution. A solution of codeine turns the plane of polarisation
to the left, [a]r=1182°,

Concentrated sulphuric acid dissolves codeine without colour, but after
eight days the solution becomes blue ; this reaction is quicker if the acid
contains a trace of nitric acid. If the sulphuric acid solution be warmed
to 150°, and a drop of nitric acid be added after cooling, a blood-red
colour is produced. Frohde's reagent produces a dirty green colour,
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soon becoming Prussian blue, and terminating after twenty-four hours
in a pale yellow. :

Cyanogen gas, led into an alcoholic solution of codeine, gives first a
yellow and then a brown colour; lastly, a crystalline precipitate falls.
On warming with a little sulphuric acid and ferric chloride, a blue colour
is produced. This blue colour is apparently common to all ethers of the
codeine class.

Of the group reagents, the following precipitate solutions of codeine :
—Mercuric potassium iodide, mercuric chloride, mercuric bromide, picric
acid, and tannin solutions. The following do not precipitate :—Mercuric
cyanide and potassium ferrocyanide solutions. Potassium dichromate
gives no immediate precipitate, but crystals form on long standing. It
does not give the reaction with iodic acid like morphine; it is dis-
tinguished from narceine by dropping a small particle of iodine into the
aqueous solution—the iodine particle does not become surrounded with
fine crystals.

§ 369. Effects.—The physiological action of codeine on animals has
been investigated by Claude Bernard, Magendie, Crum Brown and
Fraser, Falck, and a large number of others.* It has also been ad-
ministered to man, and has taken in some degree the place of morphine.
Claude Bernard showed that, when given to dogs in sufficient quantity
to produce sleep, the sleep was different in some respects to that of
morphine sleep, especially in its after-effects. Thus, in his usual graphic
way, he describes the following experiment :—*“Two young dogs, ac-
customed to play together, and both a little beyond the average size,
received in the cellular tissue of the axill®e, by the aid of a subcutaneons
syringe, the one 5 centigrammes of morphine hydrochloride, the other
5 centigrammes of codeine hydrochloride. At the end of a quarter of
an hour both dogs showed signs of narcosis. They were placed on their
backs in the experimental trough, and slept tranquilly for three or four
hours. When the animals woke, they represented a striking contrast.
The morphine dog ran with a hyena-like gait (démarche hyénoid), the
eyes wild, recognising no one, not even his codeine comrade, who vainly
bit him playfully, and jumped sportively on his back. It was not until
the next day that the morphine dog regained his spirits and usual
humour. A couple of days after, the two dogs being in good health, I
repeated the same 2xperiment, but in a reverse order—that is to say, I
gave the codeine to that which previously had the morphine, and wvice
versd. Both dogs slept about as long as the first time; but on waking
the attitudes were completely reversed, just as the administration of the
two substances had been. The dog which, two days before, after having

* Ann. Chem. Phys. [0}, xxvii. pp. 278-288; also, Journ. Chem. Soc., No,
coxliv., 1888, p. 858.
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Narceine also forms crystalline salts with potassium and sodium; these may be
obtained by heating he base at 60°-70° with a 33 per cent. of NaHO or
KHO.

The potassium compound melts at 90°, the sodium at 159°-160°. The alkaloid is
regenerated when the alkali salts are treated with acids or with CO,;. Crude narceine
may be purified by means of the sodium salt; the latter is dissolved in alcohol and
precipitated with ether.

It is soluble in alcohol, but almost insoluble in alcohol and ether, or benzene and
ether, as well as in carbon tetrachloride ; it is slightly soluble in ether, carbon
disulphide, and chloroform. It has no reaction on moist litmus-paper.

Benzole and petroleum ether extract narceine neither from acid nor alkaline
solutions ; chloroform extracts narceine both from acid and from alkaline solutions,
the latter in small proportion only. Narceine turns the plane of polarisation to the
left, a[r]=66-7°. Narceine may be separated from narcotine by the addition of
ammonia to the acid aqueous solution ; narcotine is fully precipitated by ammonia,
but narceine is left in solution.

In the subliming cell it melts at 134°, but gives no crystalline sublimate. The
tube melting-point of the trihydrate is 170°. The melted substance is at first colour-
less ; but on raising the temperature, the usual transitions of colour through different
shades of brown to black are observed. If melted, and kept a few degrees above its
melting-point, and then cooled slowly, the residue is straw-coloured, divided into
lobes, most of which contain feathery crystals.

At high temperatures narceine develops a herring-like odour; the residue
becomes darkish blue with iron chloride. Concentrated nitric acid dissolves it with
a yellow colour ; on heating, red vapoursare produced ; the fluid contains crystals of
oxalic acid, and develops with potash a volatile base. Concentrated sulphuric acid
colours pure narceine brown ; but if impure, a blood-red or blue colour may be pro-
duced. It does not reduce iron salts.

Frohde’s reagent colours it first brown-green, then red, passing into blue.
Narceine forms precipitates with bichromate of potash, chloride of gold, bichloride of
platinum, and several other reagents. The one formed by the addition of potassio
zinc iodide is in hair-like crystals, which after twenty-four hours become blue.

Weak iodine solution colours narceine crystals a black-blue ; they dissolve in
water at 100° without colour, but on cooling again separate with a violet or blue
colour. If on a saturated solution of narceine a particle of iodine is strewn, fine
needle-like grey crystals form around the iodine. A drop of *‘ Nessler” solution,
added to solid narceine, at once strikes a brown colour ; on diluting the drop with a
little water, beautiful little bundles of crystals appear.—Fliickiger.

The following group reagents precipitate narceine :— picric acid, tannin solution,
and potassiur dichromate on long standing. The following give no precipitate :—
mercuric cyanide, mercuric potass. iodide, mercuric chloride, mercuric bromide, and
potass, ferrocyanide solutions.

§ 371. Effects.—The physiological action of narceine has been variously inter-
preted by different observers. Claude Bernard * thought it the most somniferous
of the opium alkaloids. He said that ‘the narceine sleep was characterised
by a profound calm and absence of the excitability of morphine, the animals
narcotised by narceine on awaking returning to their natural state without
enfeeblement of the hind limbs or other sequelee.” It has been amply confirmed
that narceine possesses somniferous properties, but certainly not to the extent that
Bernard’s observations led physiologists to expect. In large doses there is some
irritation of the stomach and intestines, and vomiting occurs, and even diarrhoea ;
moderate doses induce constipation. The maximum medicinal dose may be put

* Compt. Rend., lix. p. 406, 1864,
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more precipitated by sodic bicarbonate, and is lastly obtained as a snow-white sub-
stance, rapidly becoming green on exposure to the air. The mass dissolves with a
beautiful green colour in water, and also in alcohol, whilst it colours ether purple-’
red, and chloroform violet.

A test for apomorphine is the following :—The chloride is dissolved in a little
acetic acid and shaken with a crystal of potassic iodate (KIO,); this immediately
turns red from liberated iodine on shaking it up with a little chloroform ; on stand-
ing, the chloroform sinks to the bottom, and is coloured by the alkaloid a beautiful
blue colour ; on now carefully pouring a little CS, on the surface of the liquid at the
point of junction it is coloured amethyst owing to dissolved iodine, and apocodeine
gives a similar reaction.

Apomorphine is the purest and most active emetic known : whether injected
beneath the skin or taken by the mouth, the effect is the same—there is considerable
depression, faintness, and then vomiting. The dose for an adult is about 6 mgrms.
(-092 grain) subcutaneously administered.

§ 879. Laudanine, C,;H,;;N(OHYOCH,),, crystallises from alcohol or chloroform
in colourless prisms soluble in benzol, chloroform, and alkalies, not very soluble in
alcohol and ether. Melts at 106°. It is a strong tetanic poison. Laudanidine is
probably the leve modification of laudanine; it melts at 177°. Laudanosine,
Cy;H;;N(OCHj),, another tetanic poison, has been shown to be dextro-n-methyl-
tetrahydropapaverine ; its inactive form, which may be separated into active levo-
and dextro-forms, appears to be the monomethy! ester of laudanine. It crystallises in
needles, melting at 89°, and is soluble in alcohol, ether, and chloroform, but not in
water or alkali.

§ 380, Tritopine (C;Hy;NO;).—This is a rare alkaloid that hastbeen found in
small quantities in opium. It is crystalline, separating in transparent prisms,
Melting-point 182°. It is soluble in alcohol and chloroform, and slightly soluble in
ether.*

§ 881. Meconine (Opianyl) (C,,H,,0,) is in the form of white glittering needles,
which melt at 102°5°. It may be sublimed in beautiful crystals, It is soluble in

‘22 parts of boiling, and 700 of cold water; dissolves easily in alcohol, ether, acetic
acid, and ethereal oil, and is not precipitated by acetate of lead. It is optically
inactive. Meconine is the reduction product of opianic acid, and may be formed by
treating narcotine with zinc dust and hydrochloric acid. Its solution in concentrated
sulphuric acid becomes, on warming, purple, and gives, on the addition of water, a
brown precipitate. Meconine, in large doses, is a feeble narcotic; 125 grm. (20
grains) has been given to man without result.

§ 382. Meconic acid (C,H,0;), or

0
HC/ \COH

HOOC - Cll “C -COOH

crystallises in white shining scales or small rhombic prisms, with three molecules of
water (C;H,0; + 8H,;0), but at 100° this is lost, and it becomes an opaque white mass.
It reddens litmus, and has a sourish taste. It is soluble in 115 parts of cold, but
dissolves in 4 parts of boiling water ; it dissolves easily in alcohol, less so in ether.
It forms well-marked salts ; the barium and calcium salts crystallise with one molecule
of water, the former having the composition BaH(C,HO,), ; the latter, if ammonium
meconate is precipitated by calcium thloride, CaH(C,HO,), ; but if calcium chloride
is added to the acid itself, the salt has the composition C;H,Ca0, + H,0. If meconic

* E. Kander, Arch. Pharm., cexxviii., pp. 419-431.
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IV.—The Strychnine or Tetanus-Producing * Group of
Alkaloids.

1. NUX VOMICA GROUP—STRYCHNINE—BRUCINE—IGASURINE.

§ 383. Nux vomica is found in commerce both in the entire state and
as a powder. It is the seed of the Strychnos nux vomica, or Koochla
tree. The seed is about the size of a shilling, round, flattened, concavo-
couvex, of a yellowish-grey or light brown colour, covered with a velvety
down of fine, radiating, silky hairs, which are coloured by a solution of
iodine beautiful gold-yellow; the texture is tough, leathery, and not
easily pulverised; the taste is intensely bitter. The powder is not
unlike that of liquorice, and, if met with in the pure state, gives a dark
orange-red colour with nitric acid, which is destroyed by chloride of tin ;
the aqueous infusion gives a precipitate with tincture of galls, is
reddened by nitric acid, and gives an olive-green tint with persulphate
of iron. The best method, however, of recognising quickly and with
certainty that the substance under examination is nux vomica powder,
is to extract strychnine from it by the following simple process :—The
powder is completely exhausted by boiling alcohol (90 per cent.), the
alcoholic extract evaporated to dryness, and then treated with water;
the aqueous solution is passed through a wet filter, and concentrated by
evaporation to a small bulk. To this liquid a drop or so of a concen-
trated solution of picric acid is added, and the yellow precipitate
of picrates thus obtained is separated, treated with nitric acid, the
picric acid removed by ether, and the pure alkaloid precipitated by
soda, and shaken out by chloroform.

§ 384. Chemical Composition.—Nux vomica contains two important
alkaloids :—

(1) Strychnine.

(2) Bruciue.

§ 385. Strychnine (C, H,,N,0,) is contained in the bean of .
Ignatius, in the bark (false anyustura bark) and seeds of the Strychnos
nuz vomica, in the Strychnos colubrina, L., in the Strychnos tieuté, Lesch,
and probably in various other plants of the same genus.

Commercial strychnine is met with either in colourless crystals
or as a white powder, the most usual form being that of the alkaloid
iteelf ; but the nitrate, sulphate, and acetate are also sold to a
small extent.

The microscopical appearance of strychnine, as thrown down by the
solution of vapour of ammonia, may be referred to three leading forms—

* To this group also belong some of the opium alkaloids. See *‘ Thebaine ”
‘¢ Laudanine,” ‘‘ Codeine,” ‘‘ Hydrocotarnine.”
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of water is distinctly perceptible; it is a strong base, with a marked
alkaline reaction, neutralising the strongest acids fully, and precipitat-
ing many metallic oxides from their combinations, often with the
formation of double salts. Most of the salts of strychnine are crystal-
line, and all extremely bitter. Strychnine, in the presence of oxygen,
combines with SH, to form a beautiful crystalline compound :—

2C,, H,,N,0, + 6H,S + Oy = 2C,, H,,N,0,3H,8, + 3H,0.

On treatment with an acid this compound yields H,S,,—Schmidt, Ber
deutsch. chem. Ges., viii. 1267.

In solution in alcohol of density of 0-8543 strychnine polarises light
to the left at 20° [a]p= - 114'7° in & concentration of 0°25 per cent. ;
when in a concentration of 01 per cent. the specific rotation is — 119-3°
[Tykociner, Rec. Trav. Chim., i. 148]. Oudemans (Liebig’s Annalen der
Chemie, clxvi. 76) gives for a solution in alcohol of density 0'865, and a
concentration of 0°91 per cent., a rotation of —128°. The same author
gives the following :—4 per cent. solution in chloroform, — 130° ; 225 per
cent., - 137°7°; 15 per cent., —140°7°; and in 053 per cent., — 235°.

§ 386. Strychnine Salts.—The salts used in medicine are—the
sulphate, officinal only in the French pharmacopeeia; the nitrate, officinal
in the German, Austrian, Swiss, Norse, and Dutch pharmacopeeias ; and
the acetate, well known in commerce, but not officinal.

The commercial Sulphate (C,;,H,,N,0,,H,SO, + 2H,0) is an acid salt
crystallising in needles which lose water at 150°, the neutral sulphate
(2Cq, HyyN,0,H,SO, + TH,0) crystallises in foursided, orthorhombic
prisms, and is soluble in about 50 parts of cold water.

The Nitrate (C,,H,,N,0,,HNO,) crystallises on evaporation from a
warm solution of the alkaloid in dilute nitric acid, in silky neecdles,
mostly collected in groups. The solubility of this salt is considerable,
one part dissolving in 50 of cold, in 2 of boiling water ; its solubility in
boiling and cold alcohol is almost the same, taking 60 of the former and
2 of the latter.

The Acetate crystallises in tufts of needles; as stated, it is not
officinal in any of the European pharmacopeias.

The chief precipitates or sparingly soluble crystalline compounds of
strychnine are—

(1) The Chromate of Strychnine (C, H,,N,0,CrHO,), formed by
adding a neutral solution of chromate of potash to a solution of a strych-
nine salt, crystallises out of hot water in beautiful, very slightly soluble,
orange-yellow needles, mixed with plates of various size and thickness.
The salt is of great practical use to the analyst ; for by its aid strychnine
may be separated from a variety of substances, and in part from brucine
—the colour tests being either applied direct to the strychnine chromate,
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The tincture of nux vomica, made according to the British Pharma-
copeeia, contains in 1 fl. oz. 1 grain of alkaloids, or 0-21 part by weight
in 100 by volume, but the strength of commercial samples often varies.
Lieth found in one sample 0122 per cent. of strychnine and 0-09 per
cent. brucine ; and two samples examined by Wissel consisted respectively
of 0:353 per cent. and 0:346 per cent. of total alkaloids. Dragendorff
found in two samples ‘2624 per cent. and ‘244 per cent. of total
alkaloids, about half of which was strychnine.

Analysis.—Either of the extracts may be treated for a few hours on
the water-bath, with water acidulated by sulphuric acid, filtered, the
residue well washed, the acid liquid shaken up with benzene to separate
impurities, and, on removal of the benzene, alkalised with ammonia,
and shaken up two or three times with chloroform ; the chloroform is
then evaporated in a tared vessel, and the total alkaloids weighed.
The alkaloids can then be either (a) treated with 11 per cent. of nitric
acid on the water-bath until all the brucine is destroyed, and then
(the liquid being neutralised) precipitated by potassic chromate ; or (b)
the alkaloids may be converted into picrates. Picrate of strychnine is
very slightly soluble in water, 1 part requiring no less than 10,000 of
water.* The tincture is analysed on precisely similar principles, the
spirit being got rid of by distillation, and the residue treated by acidified
water, etc.

The nux vomica powder itself may be valued as follows :—15 to 20
grms., pulverised as finely as possible, are treated three times with 150
to 300 c.c. of water, acidified with sulphuric acid, well boiled, and, after
each boiling, filtered and thoroughly pressed. The last exhaustion
must be destitute of all bitter taste. The united filtrates are then
evaporated to the consistence of a thick syrup, which is treated with
sufficient burnt magnesia to neutralise the acid. The extract is now
thoroughly exhausted with boiling alcohol of 90 per cent. ; the alcoholic
extract, in its turn, is evaporated nearly to dryness, and treated with
acidulated water ; this acid solution is freed from impurities by shaking
up with benzene, and lastly alkalised with ammonia, and the alkaloids
extracted by shaking up with successive portions of chloroform.
The chloroformic extract equals the total alkaloids, which may be
separated in the usual way.

Keller t estimated the alkaloids in nux vomica as follows :—Place
12 grms. ‘of the powder in a flask with 80 grms. of ether and 40 grms. of
chloroform. After half an hour add 10 c.c. of a 10 per cent. solution of
ammonia. Shake at intervals for half an hour, then add 15 to 22 c.c. of
water and again shake. Now pour off 100 c.c. of the ether mixture into

* Dolzler, Arch. Pharm. (3], xxiv. 105-109.
t Chem. Centr., i. 228, 1896.
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A striking and very sensitive test is also the double thiocyanate of
brucine and cobalt. :

This is obtained by adding to a solution of the alkaloid a
little cobalt chloride solution, and then an excess of ammonium
sulpho-cyanide ; strychnine, veratridine, and the quinine alkaloids give
under these circumstances immediate amorphous blue precipitates,
but brucine crystallises after a minute or two in blue pyramids and
tufts ; after a time colourless rods of strychnine thiocyanate make
their appearance.

The vermin-killers in use in this country are those of Miller, Battle
Butler, Clift, Craven, Floyd, Gibson, Hunter, Stenier, and Thurston.
Ten samples from these various makers examined by Mr. Allen (Pharn.
Journal, vol. xii., 1889), gave the following results :—

! ' Strychnine. [
: Name Weight of _ Nature
or Powder Price. R of Colouring Matter.
| Mark. in Grains. Weight in.  Per- | Starch.
i _ Grains. | centage.
|
- e — -
: 1 56 8d. . 0461 10°9 Wheat ¢
.2 118 3d. 080 67 | Wheat Ultramarine.
i 3 131 8d. | 1412 8:7 | Rice Ultramarine.
4 116 8d. | 1-28 111 Rice Ultramarine.
5 131 8. . 170 130 ! Rice Ultramarine.
6 215 6d. | 242 112 | Whest Prussian blue. |
7 492 3d, 285 58 | Wheat Soot. H
8 306 3d. 345 11'8 | Wheat Prussian blue.
9 166 8d. 381 194 ! Rice l Carmine.
10 10°0 8d. 4°18 418 ; Rice ; Ultramarine.
1

|
'

§ 388. Statistics. —In England, during the ten years 1884-1903,
strychnine, nux vomica, and vermin-killer account for 308 deaths. Of
these, 64 were ascribed to * vermin-killer.” ‘ Vermin-killer” may be
presumed to include not only strychnine mixtures, but also phosphorus
and arsenic pastes and powders, so that there are no means of ascertain-
ing the number of strychnine cases comprised under this heading.
Taking the deaths actually registered as due to strychnine or nux
vomica, they are about 2'0 per cent. of the deaths from all sorts of
poison. Of these deaths 171 were suicidal, 6 were homicidal, and 67
were accidental.

Schauenstein has collected from literature 130 cases of poisoning by
strychnine, and most of these occurred comparatively speaking during
recent years; 62 of the 130, or about one half, were fatal, and 15 were
homicidal. It has been stated that strychnine is so very unsuitable for
the purpose of criminal poisoning as to render it unlikely to be often
used. Facts, however, do not bear out this view; for, allowing its
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intensely bitter taste, vet it must be remembered that bitter liquids,
such as bitter ale, are in daily use, and a person accustomed to drink
any liquid rapidly might readily imbibe sufticient of a toxic liquid to
produce death before he was warned by its bitterness. It is, indeed,
capable of demonstration, that taste is more vivid affer a substance
has been taken than just in the act of swallowing, for the function
of taste is not a rapid process, and requires a very appreciable interval
of time. .

The series of murders by Thomas Neill, or, more correctly, Thomas
Neill Cream, is an example of the use of strychnine for the purposes
of murder. Thomas Neill Cream was convicted, October 21, 1892,
for the murder of Matilda Clover on October 20, 1891 ; there was
also good evidence that the same criminal had murdered Ellen
Dunworth, October 13, 1891; Alice Marsh, April 12, 1892; Emma
Shrivell, April 12, 1892, and had attempted the life of Louie
Harvey. The agent in all these cases was strychnine. There was
no evidence as to what form of the poison was administered in
the case of Clover, but Ellea Dunworth, who was found dying
in the streets at 7.45 p.M., and died less than two hours after-
wards, stated that a gentleman gave her “two drops” of white stuff
to drink.

In the cases of Marsh and Shrivell, Neill Cream had tea with them
on the night of April 11, and gave them both “three long pills” ; balf
an hour after Neill Cream left them they were found to be dying, and
died within six hours. From Marsh 7 grains, from Shrivell nearly 2
grains of strychnine were separated; the probability is that each pill
contained at least 3 grains of strychnine. The crimihal met Louie
Harvey on the Embankment, and gave her ‘“some pills” to take; she
pretended to do so, but threw them away. Hence it seems probable that
Neill Cream took advantage of the weakness that a large number of the
population have for taking pills, and mostly poisoned his victims in this
manner. Clover’s case was not diagnosed during life, but strychnine was
found six or seven months after burial in the body. It may be men-
tioned incidentally that the accused himself furnished the clue which
led to his arrest, by writing letters charging certain members of the
medical profession with poisoning these poor young prostitutes with
strychnine,

One of the most famous strychnine poisoning cases was that of
William Palmer. Baron Brampton, in his reminiscences, speaks of this
cage as follows :—* William Palmer was a surgeon practising at Rugeley
in Staffordshire. He was a great racing man, and owned one or two
racers. A young gentleman of considerable fortune had taken to the
turf and owned horses. Palmer and he became intimate as companions
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—in short, they were at Shrewsbury races, where Palmer lost and Cook
won. The latter had considerable sums of money to receive on bets,
and Palmer, desirous of getting hold of it, poisoned the poor man with
strychnine,* took possession of his betting-book and papers, received all
money due, and then had him hastily buried. Ultimately suspicion fell
on Palmer, he was tried for the murder and hanged. There was little
doubt he had murdered several others for the sake of the money for
which he had insured their lives, notably his wife and mother, whose
name he had forged to several bills. . . . I may also add that at
that time there was no known test for the discovery of strychnine
in the body, and Palmer was convicted entirely upon the symptoms
preceding death, and especially the peculiar arching of the body
after.”

§ 389. Fatal Dose.—In a research, which may, from its painstaking
acouracy, be called classical, F. A. Falck has thrown much light upon
the minimum lethal dose of strychnine for various animals. It would
seem that, in relation to its size, the frog is by no means so sensitive to
strychnine as was believed, and that animals such as cats and rabbits
.take a smaller dose in proportion to their body weight. The method
used by Falck was to inject subcutaneously a solution of known strength
of strychnine nitrate, and, beginning at first with a known lethal dose, a
second experiment was then made with a smaller dose, and if that
proved fatal, with a still smaller, and 8o on, until such a quantity was
arrived at, that the chances as determined by direct observation were
as great of recovery as of death. Operating in this way, and making
no less than 20 experiments on the rabbit, he found that the least fatal
dose for that animal was ‘6 mgrm. of strychnine nitrate per kilogramme.
Cats were a little less susceptible, taking ‘756 mgrm. Operating on
fowls, he found that strychnine taken into the crop in the usual way
was very uncertain; 50 mgrmsa per kilo. taken with the food had no
effect, but results always followed if the poison was introduced into
the circulation by the subcutaneous needle—the lethal dose for fowls
being, under those circumstances, 1 to 2 mgrms. per kilo. He made
35 experiments on frogs, and found that to kill a frog by strychnine
nitrate, at least 2 mgrms. per kilo. must be injected. Mice take a
little more, from 23 to 2'4 mgrms. per kilo. In two experiments on
the ring adder, in one 625 mgrms. per kilo. of strychnine nitrate,
injected subcutaneously, caused death in seven hours; in the second,
231 mgrms. per kilo. caused death in five days; hence the last
quantity is probably about the least fatal dose for this particular
snake.

* Dr. Taylor analysed the stomach and other organs,—he found antimony, but
ot successful in tracing strychnine.
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These observations may be conveniently thrown into the following
table, placing the animals in order according to their relative
sensitiveness.*

TABLE SHOWING THE ACTION OF STRYCHNINE ON ANIMALS.

! Reckoned on 1 Kilo. of
‘ Body Weight.
i Lowest Highest
Animal. . Manner of Application. Experimental | Experimental
. Lethal Dose. !.e',hll Dose.
‘ Dose of Strg'chnine Nitrate in
\ grins.
Rabbit, . . i Subcutaneous, . 0°60 0-60
Cat, . . . . . : . 0756
Dog, . ‘] . 0-76
" Taken by the Stomach, 20 390
' ‘ . Rectum, | 2°00
’ . | v Bladder, 550 e
Fox, . . . . | Subcutaneous, 1-00
Hedgehog, . . . v ' 1-00 2-00
I“owF:x . . . . ' \ 2:00
Frog, . . . . v ' 2-00 210
Mouse, . . . . » 236 236
Ring Adder, . . . v I 2310

Now, the important question arises as to the place in this series
occupied by man—a question difficult to solve, because so few cases are
recorded in which strychnine has been administered by subcutaneous
injection with fatal result. Eulenberg has observed poisonous
symptoms, but not death, produced by 6 mgrms. (y grain) and by 10
mgrms. (about } grain). Bois observed poisonous symptoms from the
similar subcutaneous administrations of 8 mgrms. to a child 6 years
old, and 4 mgrms. to another child 4 years old—the latter dose, in a
case recorded by Christison, actually killing a child of 3 years of
age. On the other hand, the smallest lethal doss taken by an adult
was swallowed in solution. Dr. Warner took 32 mgrms. (3 grain) of
strychnine sulphate, mistaking it for morphine sulphate, and died in
twenty minutes. In other cases 48 mgrms. (y;; grain) have been fatal.
It will be safe to conclude that these doses by the stomach would have
acted still more surely and energetically if injected subcutaneously.

* According to Christison’s researches, 0'2 grm. (about 3 grain) is fatal to swine ;
‘03 grm. (4 grain) to bears, if injected into the pleura. 1 to 3 graius (‘0648 to
‘1944 grm.) is given to horses in cases of paralysis, although 3 grains cannot but be
considered a dangerous dose, unless smaller doses have been previously administered
without effect ; 10 grains would probably kill a horse, and 15 grains (*872 grm. ) have
certainly done so.
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acid may be extracted with acid water, and identified. On extracting with water
acidified with sulphuric acid, and shaking up the acid liquid with chloroform, the
gelsemic acid (msculin?) is dissolved, and the gelsemine left in the liquid. The
chloroform on evaporation leaves gelsemic acid in little micro-crystals; it may be
identified by (1) its crystallising in little tufts of crystals; (2) its strong fluorescent
properties, 1 part dissolved in 15,000,000 parts of water showing a marked fluores-
cence, which is increased by the addition of an alkali ; and (3) by splitting up into
sugar and another body on boiling with a mineral acid. After separation of gelsemic
acid, the gelsemine is obtained by alkalising the liquid, and shaking up with fresh
chloroform ; on separation of the chloroform, gelsemine may be identified by means
of the reaction with nitric acid, and also the reaction with potassic bichromate and
sulphuric acid.
6. COCA ALKALOIDS—COCAINE.

§ 418, The leaves of Erythroxylon coca contain a number of alkaloids, of which
the following have been investigated :—

Cocaine, C;;H,NO,.
Cinnamy! cocaine, C,gH,4NO,.
a-Truxilline (C,gHgNO,),.
B-Truxilline (C,)HxNO,),.
Benzoyl ecgonine, C,gH,,NO,.
Tropa-cocaine, C;;H,(NO,.
Hygrine, C,H,;NO.
Cuscohygrine, C;3HgNO,.

All these alkaloids are esters of ecgonine, and on saponification they yield ecgonine,
methyl alcohol, and an aromatic acid.

Cocaine, CiyHy NOy, is the only coca alkaloid of any great present importance, and
the other alkaloids are commercially converted into cocaine by first obtaining ecgonine
from them, treating this with benzoic anhydride which converts it into benzoyl ecgo-
nine, benzoyl ecgonine being converted into cocaine by treating its methyl alcohol
solution with HCl. Thus—

Hg NO, + 2H,0 > NO + 0,+ CH,
Cr *Cocalue. Hy iost CrH0s t?hyl
acid. nleo 0l
5NOa + (C,H,OO),O -> 2CQE ,‘NO,,(COC,H,) +H,0
nzoyl ecgonine.
mhydrido

H,NO,+CH,0H - C,;H,,NO, + H,0
Cretsont* " htdiagt 7 et
ecgonine. alcohol.

Cocaine crystallises from alcohol in prisms melting at 98°. Not very soluble in
water, soluble in ether, alcohol, benzene, chloroform, and CS,. Natural cocaine is
bitter, alkaline to methylorange, and levorotatory ; the specific rotatory power of its
hydrochloride in water = —71-95°, and it yields l-ccgonine. From d-ccgonine may
be prepared d-cocaine which melts at 46-47° C., and from inactive ecgonine may be
prepared inactive cocaine, melting at 80° C, ; this variety is soluble in alcohol and
ether, and is probably a racemic variety of natural cocaine. Also from a-ecgonine
may be obtained a-cocaine, melting at 806° C., insoluble in ether, not very soluble in
alcohol, and a little more soluble in water. Fucaine, which is n-methyl beneoyl
triacetons alcamine carboxylic acid methyl ester, is used as an artificial sabstitute for
cocaine ; it crystallises in prisms melting at 104° C., and has similar properties to
natural cocaine, as also have d-cocaine and ¢-cocaine. On the other hand, a-cocaine
has no anwmsthetic properties, If in the reaction forming cocaine from ecgonine
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ferric chloride, but to which the substance to be tested has not been
added, is boiled at the same time for comparison, because all solutions of
ferric chloride deepen in colour on heating.

A solution of the alkaloid evaporated to dryness on the water-
bath, after being acidulated with nitric acid, and then a few drops
of alcoholic solution of potash or soda added, develops an odour of
benzoic ethyl ester. Cocaine hydrochlorate, when triturated with
calomel, blackens by the slightest humidity or by moistening it with
alcohol. Cocaine in solution is precipitated by most of the group
reagents, but is not affected by mercuric chloride, picric acid, nor
potassic bichromate.

Added to the tests above mentioned, there is the physiological
action ; cocaine dilates the pupil, tastes bitter, and, for the time,
arrests sensation ; hence the after-effect on the tongue is a sensation
of numbness.

Cocaine may be estimated in fairly strong pure solutions (1 per cent.)
by adding a N/10 iodine until the iodine is in excess; the hydriodide
periodide is filtered off and the excess of iodine in the filtrate determined
by N/10 sodium thiosulphate. The iodine compound formed is
C,,H,,0,NHIL,*

§ 417. Symptoms.—A large number of accidents occur each year
from the external application of cocaine; few, however, end fatally.
Cocaine has thus produced poisonous symptoms when applied to the eye,
to the rectum, to the gums, to the urethra, and to various other parts.
There have been a few fatal cases, both from its external and internal
administration ; Mannheim, for example, has collected eleven of such
instances.

The action of cocaine is twofold ; there is an action on the central
and the peripheral nervous system. In small doses cocaine excites the
spinal cord and the brain ; in large it may produce convulsions and then
paralysis. The peripheral action is seen in the numbing of sensation.
There is always interference with the accommodation of vision, and
dilatation of the pupil. The eyelids are wider apart than normal, and
there may be sorae protrusion of the eyeball.

The usual course of an acute case of poisoning is a feeling of dryness
in the nose and throat, difficulty of swallowing, faintness, and there is
often vomiting ; the pulse is quickened; there is first cerebral excitement,
followed usually by great mental depression. Occasionally there is an
eruption on the skin. Hypersmsthesia of the skin is followed by great
diminution of sensation, the pupils, as before stated, are dilated, the eyes
protruding, the eyelids wide open, the face is pale, and the perspiration
profuse. Convulsions and paralysis may terminate the scene. Death

* W. Garsed and J. N, Collie, Jowr. Chem. Soc., Ixxix., 1901.
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Dobbie and Lauder, as the result of a number of researches, have provisionally
adopted the following formula for corydaline,*

CH ,
HC 7\ Cc—0CH,

c C—0 CH,
e (7 YC :
oH HC
CHCH
CH,0—C 7 N :
CH,0—C | CH,

O,

V.—The Aconite Group of Alkaloids.

§ 421. The officinal aconite is the Aconitum napellus—monkshood or
wolfsbane—a very common garden plant in this country, and one
cultivated for medicinal purposes. The root of 4. napellus is from 2 to
4 inches long, conical in shape, brown externally, and white internally.
The leaves are completely divided at the base into five wedge-shaped
lobes, each of the five lobes being again divided into three linear
segments. The numerous seeds are three-sided, irregularly twisted,
wrinkled, of a dark-brown colour, in length one-sixth of an inch, and
weighing 25 to the grain (Guy). The whole plant is one of great beauty,
from 2 to 6 feet high, and having a terminal spike of conspicuous
blue flowers. The root has been fatally mistaken for horseradish, an
error not easily accounted for, since no similarity exists between them.

§ 422. Pharmaceutical Preparations of Aconite—The preparations
of aconite used in medicine are—

Aconitine, officinal in all the pharmacopwias.

Aconite liniment (linimentum aconiti), made from the root with
spirit, and flavoured with camphor ; officinal in the British Pbarma-
copeeia. It may contain about 20 per cent. of aconitine.

Aconite tincture, officinal in all the pharmacopeeias.

Aconite ointment, 8 grains of aconitine to the oz. (i.e., 166 per
cent.) ; officinal in the British Pharmacopeia.

Aconite extract, the juice of the leaves evaporated; officinal in
most of the pharmacopeias. The strength in alkaloid of the extract
varies; in six samples examined by F. Casson, the least quantity was
0°16 per cent., the maximum 0°28 per cent.t

* Journ, Chem. Soc. T., 1892, 244 ; 1895, 67 ; 1897, 71 ; 1901, 79 ; 1902, 145.
t Pharm. Journ., 1894, 901.
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2. PSEUDACONITINES.
Pseudaconitine (acetyl-veratroyl-pseudaconine),
oco CH,
500, &h,(o CH,),
Bikhaconitine (acetyl-veratroyl-bikhaconine),

CyeH5101,N = Cy HpyON

CCO CH,
C”H"O"N‘G"H”ON<((§)&¥8:H,(00H,)2
Each of the aconitines contains four methoxyl groups, and on
hydrolysis furnish one molecular proportion of acetic and one of benzoic
acid ; thus aconitine should yield 189 benzoic, 9°3 per cent. acetic acids,
and 798 per cent. aconine ; similarly japaconitine breaks up into acetic,
benzoic acids and japaconine (CyH,,0,)N). Indaconitine into acetic
and benzoic acids and pseudaconine, C,;H,;O;N. The pseudaconitines
yield on hydrolysis acetic and veratric acids and a base ; pseudaconitine
giving the base pseudaconine (C,H,,O;N), and bikhaconitine breaking
up into the organic acids already mentioned and the base bikhaconine
thus ;—

Bikhaconine. Aocetic Veratric
Acid. Acid.

CgH;,0,,N=C,,H,,0,N + C;H,0,+ C,H, ,0,.

The saponification of the various aconite alkaloids is apparently best
effected by dissolving in alcohol, making the solution alkaline with soda
and digesting at ordinary temperatures for twenty-four hours, at the
end of which time the solution is neutralised by sulphuric acid, and the
alcohol got rid of by evaporation in a vacuum at a very gentle heat.
The aqueous solution can now be acidified again by sulphuric acid, and
the benzoic or veratric acid, as the case may be, shaken out with benzene.
The base is now liberated by alkalising with NaOH and shaking out
with ether, while the acetic acid can be distilled off, first acidifying with
sulphuric acid.

The ethereal solution of the base Dunstan appears to usually treat
with fused calcic chloride for some time in order to have a dry ether
solution.

The aconitines and pseudaconitines rotate a ray of polarised light to
the right ; on the other hand the salts, such as the hydrochloride and
the hydrobromide, are levo-rotatory.

The melting- pomts and specific rotations of the alkaloids are as
follows : —

Melting-point. 8pecific Rotation.
Aconitine . . . . 196°-197° 12-82 in alcoholic solution
Japaconitine . . . 204-2° 2836 »
Indaconitine . . . 202°-203° 1817 ’
Pseudaconitine . . . 211°-212° 186 »

Bikhaconitine . . . 118°-116° 12-21 »
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readily yield benzoic acid, an acid easy of identification. Aconitine dis-
solved in nitric acid, evaporated to dryness, and then treated with
alcoholic potash, gives off an unmistakable odour of benzoic ester.

Should there be sufficient aconitine recovered to convert it into the
gold salt, the properties of the gold salt (that is, its melting-point, and
the percentage of gold left after burning) assist materially iu the
identification.

A minute quantity of aconitine dissolved in water, acidified with acetic
acid, and a particle of KI added and the solution allowed to evaporate,
gives crystals of aconitine hydriodide, from which water will dissolve
out the KI. Iodine water gives a precipitate of a reddish-brown colour
in a solution of 1:2000.*

The chemical tests are supplementary to the physiological; if the
alkaloidal extract does not give the tingling, numbing sensation, aconitine
cannot be present.

" § 426. Benzoyl-aconine (*isaconitine”), C4,H,NO,,, is obtained
from aconitine by heating an aqueous solution of the sulphate or hydro-
chloride in a closed tube at 120°~130° for two or three hours, a molecule
of acetic acid (9'3 per cent.) being split off, and benzoyl-aconine left.

It may be separated from the mixed alkaloids of the