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XXI—dAn Erperimental Research on the Antagonism between the Actions of

Pliysostigma and  Atropia. Sy Tnomaz R. Fraser, M.I)., Lecturer on
Materia Medica and Therapeutics at Surgeon’s Hall, Edinburgh, (Plates
XXIIL to XXV.)

(Read 20th May 1871.)
INTRODUCTION.

It is matural to suppose that soon after it became known that injurious
effects follow the introduction of certain substances into the system, attempts
were made to remedy these effects, and also to discover counteragents, or
antidotes, to the hurtful substances. The success attending these attempts must,
of necessity, have been closely related to the existing state of knowledge regard-
ing the actions of active substances.  When the effects of poisons were referred
to supernatural manifestations, it was chiefly charms and superstitious rites that
were trusted to as protectives and remedies. At a somewhat more advanced
period in the progress of human knowledge, vague notions of physiological laws
and processes supplied the indications of curative treatment. Alexipharmics,
Mithridates, and theriacee were compounded of substances possessing elimina-
tive and so-called * general stimulant”™ properties, and bezoars of such as
enjoyed a reputation as specifics against poisonous influences ; and these were
employed, almost indiscriminately, as universal antidotes. Still later, chemistry
sugeested that, as the physical properties of poisons may be modified by various
re-agents, so may their effects be prevented by the administration of suitable
substances,

The recommendations derived from chemistry were at first only of the crudest
description ; but as the science advanced, many valuable hints were obtained,
and now the class of the chemical antidotes probably includes the largest
number of efficient counteragents to poisons.  Alkalies and acids are employed
to neutralise each other, tannin to render insoluble tartar emetic and many vege-
table alkaloids, hydrated sesquioxide of iron to precipitate arsenious acid, and
soluble and inert sulphates to decompose lead salts, and render them unabsorh-
able. In these examples, as well as in the many others belonging to this class,
the operation of the antidote is limited to the chemical change it produces on
the poison while it remains in the alimentary canal. As soon as the poison
hecomes absorbed into the blood, it appears to pass beyond the antidotal
influence of the chemical counterpoison, for no example exists of a chemiecal
antidote neutralising a poison after absorption. Thus it is that the value of
such antidotes is considerably restricted.
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a0 DR THOMAS R. FRASER ON THE ANTAGONISM BETWEEN

PHYSIOLOGICAL ANTAGONISM.

Localizsed Antagonisin. — In order perfectly to neutralise the effects that
follow the introduction of a poison into the living economy, it would appear to
be necessary that the physiological functions of the affected organism should be
modified.  The early, though, undoubtedly, erude notions that originated the
employment. of alexipharmics, Mithridates, and theriacse, to a eertain extent
recognised this principle.  The more perfect knowledge acquired within recent
times regarding the functions of structures and organs, has led to the discovery
that varions substances are able to modify them in a definite and constant
manner, and that the modifications produced by certain substances are of a
nature contrary or opposite to that of those produced by others. By such obser-
vations, the existence of physiological antagonism between certain of the effects
of different active substances has been demonstrated. Several apparently well-
authenticated examples have been made known : among which may be instanced
the antagonism between the actions on the iris and on the minute blood-vessels,
of opium or morphia on the one hand, and belladonna, hyoscyamus, and
stramoninum on the other; between the actions on the capillary circulation of
morphia and quinia ; between the actions on the vagi nerves of physostigma
and atropia, hydroeyanie acid and atropia, and musecaria and atropia; and
between the actions on the iris and on visual accommodation of physostigma
and atropia,

(feneral and Lethal Auntagonism.—In some instances, the existence of such
limited counteractions has led to the supposition that the general, or, at least,
the primary lethal action of one of the substances concerned is capable of
being antagonised by the physiological action of the other. A notable instance
of this is to be found in the revival, by the late Dr Thoamas ANDERsoN, in 1854,
of the old, but, at that time, almost forgcotten doctrine, that belladonna is a
physiological antidote to the poisonous action of opium.®  ANDERsON was led to
this idea from the fact that these two substanees produced contrary effects on
the iris. The occwrrence of an antagonism limited to a single organ in no
important degree related to the continunance of life is, however, an insufficient
reason for supposing that the general actions of any two substances are of an
antagonistic nature. In order legitimately to infer whether one substance is
capable of acting as a physiological antidote to another, it is necessary to acquire
a definite knowledge of the exact nature of the general physiological action
exerted by each of them. As yet the action of only a few substances has been
ascertained with the completeness that is required ; and hence it is that the
examples that have been advanced of general antagonism between the actions

* Edinburgh Medical and Surgical Journal, vol. xviii. 1854, p. 377.
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of active substances are but few in number, while the evidence on which these
examples have been founded is generally imperfect,

Between Opinm and Belladowne, Hyoseyamus or Stramonium.—Among the
various instances in which a general antagonism has been stated to exist between
the actions of active substances, in the sense that the lethal effect of the one
substance is capable of being prevented by the physiological action of the other,
the most familiarly known is that where the substances are, on the one hand,
opium, and, on the other, belladonna, hyoseyamus, or stramonium.  The existence
of a belief in the power of belladonna to counteract the general physiological
action of opium, may be referred to so early a date as the year 1570, when it
was recorded by Perro Pexa and Marnia pE LogeL that certain Italian peddlers
gained much notoriety by employing the root of the belladonna plant to quench
thirst, and by administering opiates to remedy the evil cffcets that were oeea-
sionally produced thereby.® In 1661, Horstivs reported a case in which the
injurious effects of a large dose of the inspissated juice of belladonna were
apparently removed by the use of opium.t Soon afterwards, Faper related a
somewhat similar experience ;i and, in 1766, Bovcher, of Lille, published five
cases of poisoning by belladonna berries, in two of which opium was administered
as an antidote.§ At the commencement of the present century, Joseen Lirpr
wrote an inaugural dissertation, “ De veneficio bacceis belladonnae producto atque
opii in eo usu,” in which were recorded, according to Gracomixi, * plensicurs
guérisons a laide de laudanum de Sypexmas”||  Gracomist himself expresses a
favourable opinion regarding the heneficial effects of opium in poisoning by bella-
donna ; and mentions, further, that the Italians were accustomed to administer

opium to remove the stupor and convulsions that follow excessive doses of

hyoseyamus and stramoninm. ' Within more recent times, many modern authors,
as ANGELO Poma, T Anperson,** Cazix,tt Bexaamix DeLy,}i Bemer,§§ Leg, ||
Norris, ¥ and Coxstaxtiy Pavr, ™ have published evidence that appears to
favour a belief in the existence of this antagonism. This evidence has been
derived from cases of poisoning in man by opium,inwhich belladonna, hyosevamus,

" Btirpinm  Adversaria Nova, authoribus Perro Pexa ob Matmis pe Lover, Medicis. Londini,
1570, p. 103, (Quoted by Thr Norris, The American Jowrnal of the Medical Seiences, vol, xliv
1862, p. 399.)

t Opera Medica, 1 Btrychnomania, 1677,

i Journal de Médeeine, Chivurgie et Pharmacie, ete., tome xxiv. 1776, pp. 310-332.

| Traité philosophique et expérimental de Matiére Mddicale et Thérapeutiyue, traduit par Masos
et RoaxerTa, 1839, p. 537,

9 Gazette Hebdomadaire, 10 Aviil 1863, 8 Foe oif

H Traité des Plantes Mddicinales [Illi[:._l-'lll"i. 1855,

11 The Fdinlurgl Medical Journal, vol. iv. 1859, pp. 1-7.

8 L'Union Méadieale, Juillot 1859,

Tl The American Jonrnal of the Medical Sciences, vol, xliif. Jannary 1862, p 54,

9 Ibid., vol. xliv, Qctober 1362, I G835,

L T ].'.llli:t;.;uu:ieﬂuu n I".lt]u-l-.\:_;h' ol oemn T]Jl.r'l':'l]_ld.'tﬂ i1l111=__ 1864, PP na_115.
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or stramonium was used as a physiological antidote; and, conversely, of poisoning
with one or other of the latter substances, in which opium was used as an antidote.
In presence of the numerous important fallacies that are inseparably connected
with such evidenee, it would be vain to expect that from it alone an absolute
demonstration could be obtained of the existence of a general antagonism so
perfect as to constitute any one active substance the physiological antidote of
another. This evidence must, therefore, be regarded as unsatisfactory, more
especially as several observers of recognised ability, as Dr Jony HARLEY * and
L. OgrrrLa,t have pronounced it insuflicient, after a careful examination of the
record of each case.

The general result of the investigations that have been made to decide this
question by experiments on the lower animals, is also of an inconclusive
character. No doubt, the experiments of Bois,} Camus,§ Oxsun, | and
Browx-SEquarDY appear to show that the lethal action of opium cannot be pre-
vented by the physiologieal influence of belladonna, hyoseyamus, or stramoninm,
nor that of the latter substances by opium ; but these experiments are open to
the objection, that the doses of the substances used as antidotes do not seem
to have been sufficiently varied.

At the same time, there can be little doubt that the evidence derived from
hoth clinieal observation and experimental research is sufficient to show that
several of the actions of opium are of a contrary nature to those of belladonna,
hyoscyamus, and stramoninm.** It is, however, equally undoubted that, in the
meantime, this evidence is insuflicient to prove the existence of a general anta-
gonism ; or of one between actions of sufficient importance to constitute opium
a physiological antidote to belladonna, hyoscyamus, or stramonium, or these
latter substances physiological antidotes to opium, The question still remains
an open one; but such knowledge as is already possessed renders it pro-
bable that a general antagonism does really exist, to the extent, at any rate,
of the primary lethal action of opium or morphia being preventable by the
physiological action of belladonna, hyoscyamus, or stramonium. A properly
devised series of experiments would in all likelihood justify the opinion of
those who, with no little courage, have practically affirmed their belief in the
existence of this antagonism.

* The Old Vegetable Neurotics, 1869,

+ Dictionnaire Encyclopédique des Seiences Médieales (Atropine), tome vil. 1867, p. 215,

¥ Gazelte des Hopitaux, 1864,
§ Etude sur l'antagonisme de l'opium et de la belladonne. Thése de Paris, 1865.

|| Schmidt’s Jahrbucher, 1865, Bd. 128, p. 288,

1 Journal de la Physiologie de 'homme et des animaux, tome 3™, 1860, p. 726.

*#* Iuteresting accounts of several of these contrary actions, founded on careful clinical observa-
tiom, liave been publizhed by Dirs Mircaerr, Keex, and Morenouse (see their paper “ On the Antagonism
of Atropia and Morphia,” in the American Jour. of the Med, Sciences, Vol. L. 1863, p. 67; and also by

Dr Ervesuever (for an abstract of whose paper, see * L'antagonisme de lopium et de la belladonne,”
by Dr Ravsavp, I'aris, 1866, p. 40).
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The recent development of the study of Pharmacology has led not only to
the acquisition of knowledge regarding the exact manner in which many active
substances influence the physiological conditions of vital structure, but also to
the differentiation of the special structures, by the modification of whose physio-
logical conditions the lethal action of these substances is produced. In a few
instances it has been shown that the nature of the modification produced in the
physiological condition of the structure or structures involved in the lethal action
of the substance is apparently contrary to that produced on the same structure
or structures by the physiological action of another substance. The estab-
lishment of such facts has led, within the last few years, to the suggestion of
two instances of antagonism,—the first being between the lethal action of prussic
acid and the physiological action of atropia, and the second between the lethal
action of musecaria and the physiologieal action of atropia,

Between Atropia and Prussic Acid —For the first of these instances Phar-
macological science is indebted to Professor Prever of Jena.  In the course of
an elaborate research* on the action of prussic acid,—a research that may
fairly be characterised as the most important that has yet been made on the
action of this substance,—PrevEr established that the primary lethal action is
due to embarrassment of the respiratory and cardiac functions. He further
showed that the embarrassment of the former function is caused by stimulation
of the terminations of the vagi nerves in the lungs, and by impairment of the
activity of the respiratory nerve-centre, while the embarrassment of the latter
function is caused by excessive stimulation of the inhibitory cardiac fibres of
the vagi nerves. Previous investigators—more especially Von Bezonp and
BrEpavmt—had already shown that atropia produces effects that are in a
remarkable manmer contrary to these ; for, in certain doses, it accelerates both
the respiratory and the cardiac movements,—the former, by paralysing. the
terminations of the vagi nerves in the lungs, and by stimulating the respiratory
nerve-centre, and the latter, by paralysing the inhibitory cardiac fibres of the
vagi nerves, Guided by these facts, PrREVER made a few experiments which
strongly support the opinion he has arrived at, that atropia is a physiological
antagonist to prussic acid, even to the extent of heing able to prevent the primary
lethal action of that poison. It is, however, to be regretted that no attempt
was made absolutely to demonstrate that the dose of prussic acid used in each
experiment was a lethal one, more especially as the subsequently performed
experiments of Professor BarrHorow—limited, no doubt, in their scope—do
not seem to confirm PrREYER'S opinion.i

* Die Blansiure. Physiologiseh Untersucht.  Von W. Prever, Dr. Med. et Phil.  Bonn, 1570,

t Ueber die physiologischen Wirtkungen des schwefelsauren Atropins. Von A. v, Bezorp und Dr
Frateon. Buenavn,  (Untersuchungen ans dem physiologischen Labortorimm in Wiirgburg, ]ﬁl‘jf,}

T The Physziological Effects and Therapeutical Uses of Atropia and its Salts, 1869, p, 25,
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and DR THOMAS R. FRASER ON THE ANTAGONISM BETWEEN

Between Atropia and Muscaria.—The second of the instances mentioned
was first made known by Scamiepepere and Koppg, in a very interesting memoir
on Muscaria, published in 1869.* This active principle was separated by them
from Agarieus muscarins, L., and found to possess an action in many respects
contrary to that of atropia. The general nature of its lethal action was observed
to be similar to that of prussic acid; and, accordingly, the reasons which
induced ScHMIEDERERG and KoPPE to examine as to an antagonism between it
and atropia were analogous to those by which Prever was led to investigate the
influence of atropia in counteracting the primary lethal action of prussic acid.
In this instance, likewise, only a very few experiments were made. Their
results, however, are strongly in support of the existence of a more or less
general physiological antagonism between the two substances.

Various other instances of General and Lethal Antagonisim—In addition to
these, many other examples of general or of lethal antagonism have been ad-
anced.  Their existence, however, has rarely been inferred from a knowledge
that the substances concerned influence the same structures in contrary modes,
but has been conjectured from a knowledge merely of the general pheno-
mena which are produced by these substances. The conspicuous spasmodic
effects by which the action of strychnia is characterised, appear to have sug-
gested the employment, as physiological counteragents, of various substances
whose general action includes the production of paralysis; and, accordingly, the
list of proposed antagonists to this alkaloid includes opium,t curara,} aconite,§
nicotia,|| bromide of potassium,” chloroform,** chloral,H and nitrite of amyl.]}
Opium and quinia have been proposed as antidotes to each other, because the
former exalts several of the organic functions, whilst the latter depresses them.§§
General antagonism has been inferred between chloroform and sulphuric ether,
solely on the ground that the ansesthetic action of the former is supposed to be
accompanied with depression, and that of the latter with excitement ;||| and the

# Dasz Musearin. Das Giftige alkaloid des Fliegenpilzes. Von Dir Oswarp Scamiepeeere und Dr
Ricnakp Korpe.  Leipziz, 1869,

4 PeLLETER eb Cavexrov.  See Dietionnaire 'I'!'lm}'nlnpéﬂiqtm des Seiences Médicales {J‘I.,l!t.:iﬂq}t.{a},
tome 5™°, 1866, p. 323

+ L. Veua. Comptes Rendus des Séances de I'Académie des Sciences, xlix. 1859, p. 330, and
li. 1860, p. 353.

§ E. Woakes. The British Medical Journal, October 26, 1861, p. 440.

|| 8 Havearox. Dublin Quarterly Journal of Medical Science, Augunst 1862,

q . A Susox. Du Bromure de Potassinm et de son Antagonism avee la Strychnine, Paris, 1868,

“* T, Gantarp,  Annales ' Hygiine publique et de Médicine Légale, t. xxiv., 1865, pp. 182-184.

++ Ozcar Ligereicn, Comptes Rendus des Séances de I'Académie des Sciences, lxx. 1870, p. 403 ;
Bexxerr, Edinburgh Medical Jowrnal, 1870, v. 16, part 1, p. 262 ; Groves, Medical Press and
Circular, 1870, p. 398,

1+ J. St Crar Gray.  Glasgow Medieal Journal, February 1871, p. 188.

§3 Guprer.  Société Médicale des hopitanx, 10 Février, 1858 ; and Commentaires Thérapeu-
tiques du Codex Medicamentarius, 1868, p. 591,

Il Faus. Thése, 1860. (Quoted by Camus, op. eif. p. 122.)
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ph}'siu]ﬂgical actions of iodine and bromine are said to neutralise each other
because the former produces sedation, and the latter excitation of certain
general functions.”

Among these examples there are several worthy of further examination,
and it is not impossible that their existence may thereby be established.  Mean-
while, the eriticism of the Professor of Therapeutics at Paris, in reference to the
majority of recorded examples of antagonism, appears to be a just one, that “la
préeision fait souvent défaut dans lanalyse des faits, les inductions manguent
de rigneur, et la pratique attend de nouvelles lumitres de la part de la physio-
logie expérimentale et de la thérapeutique rationnelle,”t

Between Physostigma and Stryehwia.—This eriticism is also applicable to
much that has been advanced regarding antagonism between physostigma and
certain other substances. The first instance that has been suggested of an
antagonism in which physostigma is concerned, is that between it and strychnia.
The spinal excitant action of the latter substance was naturally looked upon as
more or less contrary to the paralysing influence exerted by physostigma on the
spinal cord. In a paper published by me in 1262} an experiment is described
which lent some countenance to this surmise. Since that time experiments
have been made by Nusyerey§ Ve, and Epexy Warsox,¥ which, on the
whole, support the opinion that the spasmodic effects of strychnia may he
diminished by the paralysing action of physostigma. They are, however, insuffi-
cient to decide whether the lethal action of the one substance can be prevented
by the physiological action of the other.

Between Physostigma and Chioral.—In the remaining instance, the power of
chloral to counteract the lethal action of physostigma has been experimentally
tested by Professor Bexserr. It is, however, impossible to decide how far the
opinion expressed by this observer, that chloral has a most marked influenee in
counteracting the lethal action of physostigma, is justified by the results of his
experiments, as only a very brief account of them has as yet been published.**

* Gueier. Bulletin Général de Thérapeutique, tome Ixvii. 1864, p. 9.

3.3“'; GueLer. Dictionnaire Encyelopédique des Sciences Médicales (Antidote), tome 5%, 1566,
& -E.“Dn the Characters, Actions, amd Therapeutic Uses of the Ordeal Bean of Old Calabar™
Edinburgh Medical Journal, vol. ix. 1863, p. 245 ; and reprint, p. 19. See also, “On the Physio-
logieal Action of the Calabar Bean Trausactions of the Royal Socicty of Edinburgh, vol. xxiv.
part iii. 18667, p, 740, '

& 155 “On the Calabar Bean : its Action, Preparations, and Use” Lancet, 1863; and pamphlet, pp.

[| Recherches Chimiques et Physiologiques sur la Féve du Calabar (Thise). Tarle Dr Aufoée
Vée.  Paris, 1865, pp. 28-30.

T “On the Physiological Aetions of the Ordeal Bean of Calabar, and on its Antagonism to
Tntnlmm and Strychnia Poisoning.” Edinburgh Medical Joumal, vol. xii. May 1867, p. 999 ; and
reprint, pp. 17-24,

¥ < On Chloral in Phthisis, and its Antagonism to the peisonous effects of Calabar Bean”  The
Practitioner, vol. iv. 1870, p. 262
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This account, however, does not very obviously support Professor BENNETT'S
opinion ; for, of the eight experiments mentioned, in which rabbits were sub-
jected to the influence of the two substances, seven terminated in death, and
only one in recovery. Further, there is no evidence to show conclusively
that the rabbit that formed the subject of the apparently favourable experi-
ment had received a dose of physostizma sufficient to have caused its death
had no chloral been administered.

In the preceding historical sketch every important alleged example of anta-
gonism has been referred to. It has been shown that although in many cases
the @& priori reasons in favour of the existence of a lethal or of a more or less
ceneral antagonism are extremely plausible, the experimental data by means of
which it has been attempted to establish the reality of the antagonism are
probably, without exception, imperfect, and therefore insufficient to do so. 1
trust, however, that the deseription of the research forming the subject of the
present communication will render it obvious that the reality of a lethal anta-
gonism may be readily and certainly established by experiment.

ANTAGONISM BETWEEN THE ACTIONS 0F PHYSOSTIGMA AND ATROPIA.

This research on the antagonism between the actions of physostigma and
atropia was commenced in April 1868, and the results of some of the earlier
experiments were published in a preliminary note read before this Society, on
the 30th of May 1869.% In this note were described a number of experiments,
which prove that the lethal action of physostigma may be prevented by the
physiological action of atropia.

Previous to this time, however, the attention of more than one observer had
been attracted to the subject. In 1864, KreixwicHTER narrated an interesting
case of poisoning with an unknown quantity of atropia, in which the internal
administration of physostigma produced a marked amelioration of the symp-
toms.t Three years subsequently, BoursevILLE, of Paris, in a paper on the
treatment of tetanus by physostigma,} described an experiment in which he, in
the first place, introduced into the stomach of a cabiai a quantity of powdered
kernel of physostigma, sufficient, in his opinion, to cause death, and then, while
severe symptoms were present, injected subeutaneously a small quantity of
atropia, with the result that the symptoms quickly diminished in severity, and
the cabiai ultimately reassumed a normal condition. At the time when my
preliminary note was published, BoUuRNEVILLE'S experiment was quite unknown
to me, and it is with much satisfaction that I now draw attention to it as an
imdependent observation harmonising with the results I had obtained when my
Proceedings of the Royal Society of Edinburgh, 1868-69, pp. 5837-590.

Berliner Klinische Wochenschrift, No. 38, 1864, p. 369.
De I'Emploi de la Féve de Calabar dans le Traitment du Tetanus Paris, 1567.
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preliminary note was published, and have since greatly extended.® The obser-
vations of another experimenter, Professor Bartnorow, of Cincinmati, have
likewise only recently come to my knowledge. The publication, in the * Prac-
titioner” of February 1870, of a paper by me on “Atropiaas a Physiological Anti-
dote to the Poisonous Action of Physostigma,” directed Dr BarrnoLow's atten-
tion to my researches, and by his courtesy and kindness I have been favoured
with a copy of an essay on “ Atropia,” which he had published in 1569. 1 am
thereby enabled to supply an omission that would otherwise have occurred in
this account of the literature of the subject, for the essay contains not only an
interesting theoretical discussion on the antagonism between atropia and
physostigma, but also several experiments bearing on its existence. The
experiments were performed on frogs and cats, and a description is given of
two experiments on each of these species of animal.  One experiment on a frog
and one on a cat terminated in recovery, while the two others terminated in
death. From these experiments Dr Bartnorow deduces a number of general
conclusions regarding the mutual counteraction of the two substances on several
of the structures and functions modified by them. The following quotation
contains an epitome of his views :—* Atropia is not a physiological antagonist to
physostigma, except in regard to their action on the organic nervous system. It
would be improper, then, to use atropia against poisoning by Calabar bean. . "1
The second of these propositions seems to imply that the existence of a lethal
antagonism was not favoured by the results of the experiments. The account
given of the experiments, however, does not justify any opinion as to how far the
non-existence of a lethal antagonism is supported by them, for, unfortunately, the
obviously necessary information is omitted by which to judge if a lethal dose of one
or other substance had been administered to either of the animals that recovered.

Preparations used in the Researel.—In this research physostigma was admin-
istered in the form either of an aleoholic extract, or of the sulphate of the
active principle.

The alcoholic extract was prepared by placing a moderately fine powder of
the kernel in a percolator, acting upon it with aleohol (34 per cent.) until the
powder was exhaunsted, and then concentrating the tincture by distillation and
by evaporation on a water bath, until an extract of ordinary consistence was

* Sinee this sentenee was written, I have received a more recent paper by M. Bovmsevinig, which
contaims evidenee of an u'lr.-:u:;]ulcl}' safisfactory nature regarding the power of at |'r-||1':|; to connteract the
lethal action of physostigma, Tt is entitled,* Dhe I Antagonisme de la Féve de Calabar et de I Atropine,”
and appears to be a reprint from the “ Revue Photographique des Hopitanx,” of June 1870, A de-
seription ia given of five experiments on guinen pigs, in which non-lethal doses of atropia were adminis-
tered a few minutes after lethal doses of extrmet of physostigma, with the result that recovery took
place in all of the experiments.  The great value of the evidence contained in this paper depends on
the fact that the doses of physostigma given were proved to be at least equal to the minimum lethal,
This was accomplished in much the same way as has been deseribed in wy preliminary note in the
Proceedings of this Society, and in my communication to the * Practitioner™ of February 1870,

t Loe, eit. p. 46. 2
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238 DR THOMAS R. FRASER ON THE ANTAGONISM BETWEEN

obtained. This preparation contains a considerable quantity of fatty matter,
which prevents its complete solution in water ; and as the division into separate
doses of a mere watery suspension would lead to many inaccuracies, it was
found necessary to weigh the requisite quantity separately for each experiment.
It is also hygroscopie, which further required that it should be dried and kept
in an exsiccator, in order to ensure an unvarying preparation. Nearly all the
experiments in which an extract was used were made with one prepared in this
manner, and a sufficient quantity was obtained by one process to serve for the
entire research. A few experiments, however, were made with an extract for
which I am indebted to Dr Cook, of the firm of Messrs T. and H. Syirh, of Edin-
burgh. It will be seen, from the description of these experiments, that Dr
Coox’s extract is more powerful than that prepared by myself, and this may be
accounted for by the fact that absolute alcohol was employed in its preparation.
The active principle, physostigmia,” whose sulphate was also used in this re-
search, was obtained by the following process. Aleoholic extract of physostigma
was mixed with distilled water, and the fatty matters were completely removed
by agitation with suecessive portions of sulphuric ether. An excess of bicar-
honate of sodinm was then added to the watery solution, and the resulting alka-
line liquor was shaken with successive portions of ether. The decanted etherial
solutions were washed with water, concentrated by distillation, and then evapo-
rated spontaneously, by which means a residue consisting of an impure physo-
stiemia was obtained. This was dried over .l-mllﬂlﬁri{'. acid, and treated with
anhydrous ether, and on evaporating the etherial solution, a less impure physos-
tigmia was obtained in the form of a pale brown extract-like substance. From it
the sulphate was prepared by neutralising a solution in rectified spirit with very
dilute sulphuric acid, and evaporating at a low temperature. This sulphate is a
pale brown amorphous substance, readily soluble in distilled water. As watery
solutions of the vegetable alkaloids gradually undergo decomposition, it was
considered advisable to weigh separately the dose required for each experiment.
Physostigmia, in common with the extract, possesses the inconvenient property
of absorbing moisture from the atmosphere, and for this reason, the obviously
necessary precaution was adopted of keeping the sulphate in an exsiceator.
The atropia was administered in the form of sulphate, which salt was pur-
chased from Messrs T. and H. Syirn of this city. The doses were generally
* This alkaloid was first separated by me in 1863 ; and in a paper published in 1864 (“ On the
Moth of the Eser®, or Ordeal Bean of Old Calabar,” Annals and Magazine of Natural History, May,
L2864, I named it Eeerinda, from Eserd, the usual name of the ordeal poison at Calabar, Sinee then
[ have, in various publications, adhered to this name, and it has been almost invariably adopted by
French physiologists and chemists, The reasons in favour of designating an active prineiple, derived
from the vegetable kingdom, by a modification of the generic name of its botanical source are, however,
s0 numerous and weighty, that I have thought it right in the present communication to follow the

isual practice. This T have the more readily done, as the name physostigmia (or physostigmin) is now
commonly to be met with in the writings of German physiologists.

B
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weighed separately for each experiment, but in several instances it was found
necessary to subdivide a recently prepared solution, as such minute doses were
required that it would have been impossible to weigh them accurately.

Subjects of Experiment—With a few exceptions, wherein dogs were used,
the experiments were performed on rabbits. The animals were invariably
in a state of perfect health, and in full digestion. The latter is a condition
of great importance, the plan of research requiring a strict attention to the
relation between the weight of the animal and the doses of the substances.
The amount of food contained in the stomach appreciably modifies the weight
hoth of dogs and rabbits, but it does so to a very marked extent in rabbits, for
on several occasions I have found that an increase of three or four ounces oc-
curred after food had been taken. As, generally, the rabbits employed were
about three pounds in weight, the difference represented by such an inerease
is obviously of importance in estimating the doses of the substances.

Plan of Experiments.—The following plan was adopted for the experiments,
as it appeared to be the one by which the most conclusive results were to be
obtained :—1In the first place, the minimum fatal dose for rabbits of the extract
of physostigma and of the sulphate of physostigmia employed was determined
by a number of preliminary experiments, so that, on the weight of the animal
being ascertained it was an easy matter to be certain of the dose that could kill
it. Then, in those experiments in which recovery followed the administration
of a dose of atropia given in combination with a dose of physosticma equal to
or in excess of the minimum fatal, the animal used was killed many days after-
wards, and when the effects of the two substances had completely disappeared, by
a dose of physostigma less than or only equal to that from which it had pre-
viously recovered.  Therefore, when the administration of atvopie prevented an
otherwise futal dose of physostigme from causing death, a perfect demonstration
was obtained of the power of if.F,J"upfnf fir ;J.r'r.rrfm*ff e pﬁ ysiological action or actions
thet eonnteracted some otherwise lethal action or actions of physostigma.

The administration of the substances was effected by subeutaneouns injection.
There is an abundance of evidence to show that, when exhibited by subeutancous
injection, the activity of a substance, relatively to its dose, is considerably greater
than when it is exhibited by introduction into the stomach. By adopting this
method, therefore, the existence of a lethal antagonism was subjected to a more
severe test than if the substances had been introduced into the stomach ; for, not
only are the general physiological effects produced with sreater rapidity and
certainty, but also the lethal action of a minimum fatal dose is induced in a
shorter time when the substances are injected under the skin than when they
are introduced into the stomach. This method of administration has, besides,
the great recommendation of being followed by results constant as to both
character and time of occurrence ; for not only is the total quantity, within cer-
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tain limits, of the substance absorbed into the blood, but alse the process of
ahbsorption is commenced directly after the injection is effected. Further, it
has the great advantage of convenience, wherein it is greatly superior to the
method by introduction into the stomach.

Chief Objects of the Research.—As evidence was obtained at an early period
in this research of the existence of an antagonism between the general actions
of physostigma and atropia, a wide field for further investigation was thereby
opened up,  In the experiments that will be deseribed in the first portion of
this communication, I shall endeavour to show, as clearly as possible, that
atropia possesses, in a remarkable degree, the power of counteracting the lethal
action of physostigma. In the subsequent portion of the communication the
extent of this power will be examined and its limits defined.

EXAMINATION OF THE INFLUENCE OF ATROPIA UPON THE
LETHAL ACTIVITY OF PHYSOSTIGMA.

SECTION A

DETERMINATION OF THE MiNnimuMm LETHAL Do0SES 0F THE PREPARATIONS,

[n accordance with the plan that has been adopted for this research, several
preliminary experiments were made in order to determine the minimum lethal
dose for rabbits of each of the preparations employed. For the present pur-
pose it is sufficient to mention only the leading results of these experiments.

Miwimum Lethal Dose of Sulphate of Atropia.—In the following table a
stmmary is given of experiments undertaken to determine the minimum lethal
dose for rabbits of sulphate of atropia.

Dage pep

N T L
of i-":j]m Weight of * |y ctual Dose. | 3 lbs. Weight Result. ' Notes.
ment. | ; i of Animal. - !
7 1 ! 4 Iha 13 oz, 4 ors ! 2:49 ora. I tecovery. !Tiu_* only effects were dila-
' [ tation of the pupils, slight
| restlessness, and accelera-
[ | tion of the cardiac contrac-
: | tions and of the respira
[ | tions.
9. | 41bs. 10 oz 5gra. | 3'24 grs. | Recovery. Do
3. 4 lhs, 8 oz Dors. | 6 grs Recovery. Do,  Also some obvious |

symptoms of visual de- |

rangement. |

4, | 3lbs 6:5 grs. | 6D grs. Recovery. I Distinet, though um'm.-l
I | portant, paralytic symp-|

| toms were produced, the

' ‘ respirations were reduced |

- in frequeney, the cardioe |

5 | action was accelerated,

| and the pupils were

| dilated. I
5 | 31bs 5oz 7O grs, | TDpges. | Recovery. | Do |
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Result.

— T —

Notes.

Humber -
ufll.}:]p-riv IE?EE;'L“ Artual Dose,
ment.
6 | 21lbs 150z | T34 grs.
T. | 21bs 4 oz G grs
8 |3bs 9 g,
9 |3Mbs 20z |156gs
i
|
| 10, | 21bs 120z | 165 grs.
11, 3 Ihe, 195 grs
{ 12. 21bs. 13 0z | 19D grs,
13. | 21bs. 13} 0z | 199 g, |
14, 31bs. 2 0z | 23743 gr=. |
15. | 31bs. 13 oz |22'9 grs.
16, 3 1bs 6 oz. |27 gra.

- |
el

—_——
= i

T

e E————————— =

LRecovery.

Recovery,

Recovery.

Recovery.

Liecovery,
Lecovery.

Death, in

than 1 hour, and
less than 5 hours
30 minutes,

| Becovery.
Recovery.

lecovery.

Treath in

minutes.

Do, ; excepting  reduction

Do, do. ; and production

Dilatation of the pupils,

Do,
The chief effects  wore

Da.

Dao.
o
Do,
The chief effects wers

in the frequeney of the
respirations.

of hypmosis,

increase in the frequency
of the eardiae and mHll[m-
tory movements, and
slight paralysis were pro- |
inced, |

Dilatation of the pupils, |

acecleration of the heart's |
action, inerease followed
by reduction in the rate
of the respirations, dis-
tinet paralysis, and tre-
mors  amd starts, were
produced,

dilatation (not extrome)
of the pupils, acceleration
followed by slowing and
weakening of the heart’s |
action ; reduetion in the |
rate of the respirations ;|
hypnosis ;  and  well-
marked paralysis,

dilatation  (not 1rxtm1m-.:|
of the pupils; aceelem-
tion soon  followed by
slowing amd great weak-
ening of the heart's
action ; reduction in the
rate and strength of the
respivations ;  paralysis ; |
and feeble tremors and
SPASINE, ,

In each of these experiments every precaution was taken to prevent fallacy

It will, however, be observed, that while, in one case, a dose of 21 grains, and
in another one of 24 grains per three pounds weight, was found sufficient to cause
VOL. XXVI. PART IIL
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death, in two other cases recovery followed the administration of 22-5 and of
21 grains respectively. It must, therefore, be allowed that the minimum fatal
dose has only approximatively been determined. A more accurate determina-
tion could not be effeeted without greatly increasing the number of experiments.
Fortunately, however, it was unnecessary to incur the trouble and expense®
that would thereby have been entailed, as an approximative determination of
the minimum fatal dose of atropia was all that was needed for the purpose of
this research.t

Minimum Lethal Dose of Extract of Physostigmae.—The experiments which
are mentioned in the next table were undertaken to determine the minimum
lethal dose for rabbits of extract of physostigma.

v ber of Weicht of 1 L 5
I-E;]L:.r-::'imfmt. l{iﬁhlt? Actual Dose. ‘L\'qﬁtlﬁﬁaﬂfﬁ]. Haralt
|

17. 3 lbs 3 oz | 08 gr. 07 or. Recovery.

18. 3 lbs. 09 gr. 09 or. Recovery.
| 19, 3 lbe 2 oz 093 gr. 09 g Recovery.

20. 3 lbs. 8 oz 1-3 gr. 1:02 gr. Recovery.

21 3 lbs, 6 oz 1-18 gr. 1-05 gr. Hecovery.
| 292 2 1bs, 14 oz 1 o 105 gr Hecovery,
; a3 3 1bs. 1 oz 1'2 or. 1'2 g Death, in about 27 minntes,
i 24, 3 1lbs Goz. | 1'35 gr. 12 pr. Dieath, in about 23 minutes.
| 25, 3 lbe, 5 oz 132 g, 12 v, Death, in about 33 minutes,

26. 3 s, 2 oz 1'B7 gr. 18 gr. Death, in about 16 minutes,

The results of these experiments indicate that the minimum lethal dose for
rabbits of extract of physostigma is 1-2 grain for every three pounds weight of
animal, or 0°4 grain for every pound.

Minimuin Lethal Dose of Sulphate of Physostigmia.—The minimum lethal
dose for rabbits of sulphate of physostigmia was discovered by the experiments
that are epitomised in the next table,

* The price of sulphate of atropia being a little more than fifteen shillings for sixty grains, the ques-
tion of expense becomes worthy of eonsideration.

+ The minimum lethal dose of sulphate of atropia, administered subeutaneously, appears to be
smaller for dogs than for rabbits. Among other experiments, I have performed the following :(—A
dog, weighing seven pounds and fifteen ounces, received twenty grains, and recovery followed ; but
when a dose of twenty-five grains was given to the same dog, eight days subsequently, death occurred
in twenty-three minutes. Another dog, weighing sixteen pounds, which, seven days previously, had
recovered after the administration of ten gmins, died on the fourth day after it had received fifteen
arains.
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i Exm]:::;f::: 1};-&::?‘_&{ Actual Dose, \\!f:?ﬁ]tullﬂfriininl. Result. :

| . |

'I av. 3 lhs, & oz 0035 gr, |‘_ 00 . Recovery, |
a8, 3lbe 1 oz 0076 o, 0075 gr, Recovery. |

‘ a0, 3 1bs 11 oz 01 gr. 0031 gr. I Dreath, in about 33 minutes,
30, 3 Ibs 2 oz 01 gr. 0-096 gr. | Recovery.

| 31. 3 lhs 1 oz 012 or, 0117 gr. Dreath, in about 37 minutes.

‘ 392. 3 1ba. 5 om 013 e, 0117 o Death, in about 44 minutes,
as. 3 1hs 4 oz 012 or 012 gr, Death, in about 34 minutes,

| 34, 2 Ths 14 oz 013 gr. 013 gr Death, in about 22 minutes. |

| 35. 3 1bs. 6 oz 015 gr. 013 pr. Death, in about 16 minutes. |

| 36. 3 lbs, 4 oz 16 g, 0147 gr. Death, i about 25 minutes,
37, 3 1hs. 015 gr. 15 gr. Dieath, in about 28 minutes,
a8, 3 lba 3 oz 16 or. 015 g, Dreath, in about 21 minutes.

| 39. 3 1hs 2 ox r19 or 018 gr. Ireath, in about 16 minutes,
40. 3 lbs 1 o= 015 gr. 018 gr. Dreath, in about 19 minutes,

From these experiments, it would appear that in rabbits the minimum lethal
dose of sulphate of physostigmia is a little less than 012 grain for every three
pounds weight of animal, or 0-04 grain for every pound. The experiment in which
death occurred after the administration of 008 grain per three pounds weight
(Expt. 29), must be regarded as an exceptional one, seeing that during it
the rabbit was in a violently excited state; and the constant energetic move-
ments that were made placed the animal in an unfavourable condition to resist
the toxie influence of a poison that materially embarrasses both the cardiac and
the respiratory functions. Still, even after excepting this experiment, the table
shows that 0-12 grain per three pounds is a dose rather in excess of the minimum
fatal. I have, however, adopted it as the minimum fatal dose ; and the ratio of
one to ten that is thereby obtained between corresponding lethal doses of
sulphate of physostigmia and extract of physostigma is a very convenient one,
and greatly facilitates the substitution of the one substance for the other in
doses eredited with equal lethal activity.

It may not be altogether unnecessary to point out that the results of these
determinations are applicable only to the special preparations with which they
have been obtained ; for the composition, and therefore the lethal activity, of
each of them varies somewhat in accordance with the processes followed in its
manufacture.

INFLUENCE OF ATROPIA ON THE LETHAL AcTioN oF PHYSOSTIGMA,

The minimum fatal dose for rabbits of the extract of physostigma and of
the sulphate of physostigmia having thus, with considerable accuracy, been
determined, the influence of atropia on the lethal action of physostigma formed
the next subject of examination.
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Atropia administered before Physostigme.—The nature of this influence when
atropia is administered before physostigma is shown by the following experi-
ments .—

ExreriMENT 41-a.—In a rabbit weighing two pounds and fifteen and a half
ounces, it was found that the number of the cardiac impulses was 40 in ten
seconds, and of the respirations 12 in ten seconds, and that the pupils measured
l4ths x 13ths of an inch.

Three-tenths of a grain of sulphate of atropia, dissolved in 30 minims of dis-
tilled water, was injected under the skin of the left flank, Intwo minutes and
thirty seconds thereafter, the pupils measured 1§ths x 1%ths of an inch ; and in
four minutes, the cardiac impulse oceurred 54 times in ten seconds.

Five minutes after the injection of sulphate of atropia, one grain and a fifth
of extract of physostigma, suspended in 25 minims of distilled water, was injected
under the skin at the right flank ; and, immediately afterwards, the syringe was
washed out with 15 minims of distilled water, and this solution injected under
the skin at the right hip—the whole operation lasting thirty seconds.

In two minutes after the total dose of physostigma had been injected, the
pupils measured }iths x }5ths of an ineh, and infrequent fibrillary twitches were
occurring at the right flank and hip. In nine minutes, the rabbit became rest-
less, having been perfectly quiet until now, and the pupils measured 1§ths by
yiths of an inch.  Soon afterwards, fibrillary twitches were oceurring generally
over the surface of the rabbit, some unsteadiness was apparent in the move-
ments, and often slight tremblings took place, especially marked in the head. In
fifteen minutes, the fibrillary twitchings were more frequent and more strongly
marked, so that it was difficult to distinguish the cardiac impulse, but it ap-
peared to occur about 46 times in the ten seconds. In twenty-six minutes, the
general symptoms had become slightly aggravated, as a normal posture was
maintained only with difliculty ; the arching of the back becoming gradually
less prominent, and the head drooping a little. At the same time the fibrillary
twitches had become more marked, so that the skin of the whole surface of
the animal was in constant movement, and occasionally a weak spasmodic
start occurred. In thirty-seven minutes, the head had so far subsided as to
permit the chin to rest on the Hoor, but this latter posture was maintained for
only a few minutes, and was succeeded by a more natural one in which the head
was raised.  In fifty-seven minutes, the rabbit was in a normal sitting attitude,
and the chief symptom was well marked universal fibrillary twitching. The
pupils measured 1&ths x 1&ths of an inch, the cardiac impulse was at the rate of
41 in the ten seconds, and the respirations 16 in the ten seconds. In one hour
some urine was voided, and three minutes afterwards a considerable quantity
of pultaceous and wet fieces was passed. In one hour and sixteen minutes,
slight mucous sounds, apparently originating in the larynx, were heard during
the respirations, and fieces having the unnatural appearance above described

R A ) SR——— |
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were again passed. In one hour and thirty minutes, the rabbit was still in the
normal sitting posture it had for some time assumed, and when it was obliged to
move about no obvious difficulty could be detected. The fibrillary twitches had
decreased considerably; the rate of the cardiac impulse was 40 in ten seconds ;
and the pupils measured 1{ths x }§ths of an inch.

On the following day, twenty-three hours after the commencement of the
experiment, the rabbit appeared to be perfectly well, for it went about actively
and fed well. The rate of the cardiac impulse was 52, and that of the respira
tions 12 in ten seconds, and the pupils measured 1iths x 1&ths of an inch.
From this time, a gradual diminution went on in the rapidity of the heart’s action,
and in the size of the pupil; until, on the fifth day, the former had assumed
the normal rate of 41 in ten seconds, and the latter measured exactly the same
as before the experiment was commenced, namely, Jiths x [jths of an inch.

On the eleventh day this rabbit was subjected to the influence of a
minimum lethal dose of extract of physostigma, and the result is described in the
next experiment. It is of importance to note, that during all this time food
had been supplied to the rabbit ad fibitum, as this is of importance in the
maintenance of a state of absolute health, and that the same was also done in
all the similar experiments of this research.

ExrERIMENT 41-b.—This rabbit now weighed three pounds, and it was ascer-
tained that in ten seconds the cardiac impulse occurred 41 times, and the respira-
tory movements 17 times, and that the pupils measured iths x 1#ths of an inch.

One grain and a fifth of extract of physostigma, suspended in 25 minims of
distilled water, was injected under the skin at the right flank, and the syringe
washings under that at the right hip. The first effect observed was the occur-
rence of infrequent and slight twitchings of the panwicalus carnosus muscle
in the neighbourhood of the regions where the injections had been made, and
this effect commenced in about one minute and thirty seconds after the first of
the two injections. Beyond this, there was no obvious symptom until six
minutes, when some slightly restless general movements were made, and at the
same time movements of the mouth and lips occurred, as if an accumulation of
saliva were being removed. Soon afterwards, there was evident difficulty in
going about ; gradually slight stiffness showed itself in the anterior, and then in
the posterior extremities, which by-and-by became extended, and thereafter the
rabbit stumbled about, or stood shaking with the body elevated on the extended
limbs. In eight minutes, the above condition was present, and besides, the
fibrillary twitchings had become more general and frequent, and the pupils
slightly larger, having increased from 1iths x 13ths to 13ths x 14ths of an inch.
In ten minutes, the extended state of the limbs disappeared, and was succeeded
by partial paralysis, so that the rabbit now sank down on the abdomen and chest.
In thirteen minutes, great general weakness, accompanied with constant
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tremblings, was present, now and then somewhat severe tremors oceurred,
fluid (salivary) was escaping from the mouth, soft and pultaceous fieces, wet
on the surface, but preserving the pellet shape, were being passed, and the pupils
measured 1 #ths x 13ths of aninch.  In fourteen minutes, the respiratory move-
ments were somewhat embarrassed, and accompanied with moist sounds, while
their frequency was diminished to about 10 in ten seconds. The head of the
animal was now lying on the table, the back was scarcely at all curved,
but the general tremors had almost disappeared, although the fibrillary
twitchings had rather increased in frequency. In seventeen minutes,
the rabbit fell over on the side. Only slight fibrillary twitchings were now
present ; the respirations were laboured, greatly impeded by mucus accumulated
in the mouth and larynx, and accompanied with struggling movements of the body
and limbs ; the pupils measured 13ths x Llths of an inch ; the cardiac impulse
was weak and infrequent ; frothy saliva was escaping from the mouth, and liquid
fieces were being passed at intervals.  Very soon afterwards, the respiratory move-
ments became mere laboured gasps, the pupils still further diminished in size,
and general weak tremors succeeded each other.  By-and-by it was a matter
of difficulty to distinguish any respiratory movement or cardiac impulse, and then,
at twenty-two minutes after the administration of the poison, death occurred.

After death, fibrillary twitchings continued for more than twenty minutes,
and the first appearance of rigor was seen in thirty minutes, the extremities
having then become slightly stiff (temperature of laboratory, 63° F.). The post
mortem changes in the condition of the pupils were as follows :—at the moment
of death, they dilated to 1#ths x Liths of an inch ; in one minute, they had con-
tracted to 12ths x 12ths; in two minutes, to Liths x 18ths; in three minutes,
to 5ths x J;ths; in four minutes, to S;ths x J;ths; in six minutes, to f;ths x
A ths; and they continued at the last size until twenty-four minutes after
death, when they became dilated to f;ths x
while strong general rigor was present, the pupils measured 1§ths x 18ths of
an inch.

The influence of atropia on the lethal action of a much larger dose of the
extract was tested in the next experiment.

Wths.  On the following day and

ok

ExreriveENT 42-a.—In a rabbit, weighing three pounds and four ounces,
preliminary observations showed that the average rapidity of the heart’s action
was 42 in ten seconds ; and of the respiratory movements, 26 in ten seconds ;
and that the pupils measured Liths x !iths of an inch.

A seventeen-hundredth of a grain of sulphate of atropia, dissolved in 30
minims of distilled water, was injected under the skin at the left flank. Two
minutes thereafter, the rate of the heart’s action was 50 in ten seconds. In
four minutes, it had still further increased, having attained a rate of 54 in ten
seconds, while now the respiratory movements occurred 18 times in ten
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seconds, and the pupils measured 1§ths x 1&ths of an inch. With these
xceptions, there were no appreciable symptoms present.

Five minutes after the administration of atropia, I injected under the skin
at the right flank a mixture of three grains and nine-tenths of a grain of extract
of physostigma with 40 minims of distilled water ; and, afterwarils, under the
skin at the right hip, the few drops of distilled water with which the syringe
was subsequently washed. In three minutes after the injection of the extract of
physostigma, the cardiac impulse occurred 58 times in ten seconds ; the pupils
measured }iths x !5ths of an inch, and infrequent and slight twitches were
present at the right flank and hip. In five minutes, the animal was some-
what restless, and the heart’s rate was now 60 in ten seconds, In seven
minutes, the restlessness was accompanied by slight involuntary shaking of
the head ; and, soon after, a great increase took place in the frequency of
the fibrillary twitchings of the pawniculus carnosus muscle over the whole
surface of the body. In ten minntes, some weakness was present in the
anterior extremities, and gentle tremors, brief in their continuance, occeurred
whenever movements were made, or the animal was startled by any cause.
The weakness of the anterior extremities soon became so great that they were
unable to support the fore part of the body, and then the animal sank down
on the abdomen and chest. Several series of tremors followed this change of
posture ; and, on their termination, the head drooped until the lower jaw was
rested on the table. In fifteen minutes, this posture was still unchanged,
except that the arching of the back had disappeared. The cardiac impulse
occurred 61 times, and the respiratory movements 19 times, in ten seconds,
and the pupils measured 1Hths x !5ths of an inch. This general condition
was maintained unchanged for about fifteen minutes, with the exception of a
marked decrease in the frequency of the fibrillary twitchings, and an unim-
portant diminution in the rate of the respiratory movements. Soon afterwards
the symptoms became more serious ; for in forty minutes the respiratory move-
ments oceurred only thirteen times in ten seconds, and their character was
somewhat abnormal ; for not only were they weak, and almost entirely confined
to the diaphragm and the abdominal muscles, but the expiratory movements
were abrupt and slightly spasmodic.  This depreciation in the character of the
respiratory movements appeared to cause considerable distress, as the animal
every now and then raised the head in an uneasy manner, notwithstanding that
there seemed to be great difficulty in doing so. At this time the heart’s action
was at the rate of 57 in ten seconds. These symptoms continued for about one
hour and ten minutes, but at the end of this time a slicht improvement was
manifested ; for, in two hours after the injection of physostigma, the respirations
had inereased in rate to 12 in ten seconds, and had become almost normal in their
character. In two hours and thirty minutes, the improved state of the animal
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was still further indicated by the head being often kept up, without any
trembling, for several seconds, and by the back being again arched ; but the
limhs were still sprawling helplessly, and no general movement could be accom-
plished. The cardiac impulse was now found to recur 47 times in ten seconds,
and the pupils to measure !jths x 1§ths of an inch, while only rarely a weak
twitch in some portion of the panwiculus carnosus muscle could be detected.
The observations were now interrupted until six hours and thirty minutes after
the injection of physostigma, by which time a very great improvement had taken
place in the condition of the animal. A nommal sitting posture had been
resumed ; paralytic symptoms had almost disappeared, and the rabbit was able
to go about without mueh difficulty ; and neither general tremors nor fibrillary
twitchings occurred. The rate of the heart’s action was 31 in ten seconds ; the
respirations were irregular, being 20 in one period of ten seconds, and 27 in
another ; and the pupils measured 15ths x 1 Zths of an inch. It was seen that in
the interval during which no observations were made a large quantity of feces,
having normal characters, had been passed ; but no urine had yet been voided.

On the following day, the rabbit was found going about actively, and freely
consumed the food that was given to it. The cardiac impulse was at the rate
of 27, and the respirations were at that of about 12, in ten seconds; but the
latter were very irregular. The pupils measured 17ths x 1]ths of an inch,

On the third day, the cardiac impulse was at the rate of 37, and the respira-
tions (now pretty regular), were at that of 24 in ten seconds; and the pupils
measured 12ths x L3ths of an inch.

On the fifth day, the cardiac impulse was at the rate of 40, and the respira-
tions were at that of 23, in ten seconds; and the pupils measured }iths x
13ths of an inch. DBy this time, therefore, every appreciable effect of the ex-
periment had disappeared.

On the ninth day, a dose of extract, weighing only one-third of that which
had been given in this experiment, was administered to the same rabbit; and
the results of this administration will now be desecribed.

ExpeEriMENT 42-b—The rabbit now weighed three pounds and five ounces ;
and immediately before the administration, the rate of the heart’s impulse was 42,
and that of the respirations 21, in ten seconds. Ome grain and three-tenths
of extract of physostigma was mixed with 20 minims of distilled water, and
the mixture injected under the skin at the right flank. The syringe was then
washed out with a few drops of distilled water, and the washing in its turn
injected under the skin at the right hip. Within one minute and thirty
seconds thereafter, faint fibrvillary twitchings occurred, at rare intervals, at the
right flank.. These gradually inereased in frequeney, until they became a pro-
minent symptom, within four minutes from the commencement of the injection.
At this time, the heart’s rate had diminished to 33 in ten seconds; but the
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respirations still retained their previous frequency. In six minutes, the rate of
the heart’s impulse was 28, and that of the respirations 21, in ten seconds ; the
fibrillary twitches had become rather more frequent and marked ; and move-
ments of the mouth and lips occurred, which were of such a kind as to suggest
that some substance was being moved from the anterior part of the mouth and
swallowed. There was no other symptom present, and the rabbit sat quietly
on the elevated table on which it had been placed. In eight minutes, however,
uneasiness was manifested by some restless movements, which at first were
somewhat unsteadily performed, and by-and-by were attended with stumblings
and occasional slight tremors.  The latter symptoms appeared to be cansed by
an undue extension rather than by flaceidity of the limbs. In ten minutes, the
four limbs were in almost complete extension, and the rabbit either stood
unsteadily, or went about stifily and with stumblings on the limbs thus extended.
The pupils measured Liths x 13ths of an inch; and moist sounds frequently
accompanied the slightly accelerated respiratory movements. No marked
change occurred in the condition of the rabbit for several minutes; but at
fourteen minutes after the injection, the extended state of the anterior extre-
mities had almost entirely disappeared, and the thorax not infrequently rested
on the table, while the pelvis and posterior parts of the body were elevated on
the still extended posterior extremities. The pupils had now contracted to
11ths x L1ths of an inch, and the heart’s rate had decreased "to 22 beats in ten
seconds, In eighteen minutes, the rabbit lay on the abdomen and chest, with
the head drooping, and occasionally resting on the table ; the respirations
occurred 25 times in ten seconds, and were accompanied with noisy bubbling
sounds ; frothy saliva was escaping from the mouth; and fieces, of a green
colour and semi-liquid consistence, were being passed.  Soon, the respiratory
movements became laboured, less frequent, and often greatly obstructed by
accumulations of frothy fluid in the mouth and air-passages ; and the rabbit
was extended on the abdomen, with the head resting on the table, from which
it was raised, though with difficulty, whenever the respiratory movements were
much impeded. In twenty minutes, some general strugeling movements
ocenrred, obviously due to obstructed respiration, and the rabbit fell over on
the side. The cardiac impulses were now at the rate of 18 in ten seconds
the pupils measured % ths x %, ths of an inch ; and the fibrillary twitchings were
very frequent, and affected the whole surface of the animal. The difficulty in
the performance of the respiratory movements gradually became greater, until,
in twenty-nine minutes, only one very laboured, gasping respiration occurred
every ten seconds.  Soon afterwards, two or three series of weak tremors affected
the animal, and at the termination of the last of these the respirations alto-
gether ceased, and death took place—thirty-one minutes after the commence-
ment of the first injection.
VOL. XXVI. PART IIL. iD
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At the moment of death, the pupils measured S;ths x ths of an inch;
three minutes afterwards, their size had increased to 7;ths x %ths of an inch ;
and this increase gradually became greater until one hour and thirty minutes,
when they measured 13ths x L}ths of an inch.

The first appearance of post mortem rigidity was observed at thirty-two
minutes after death, and it consisted of a very slicht degree of stiffness re-
stricted to the posterior extremities. The rigidity next appeared in the anterior
extremities and the neck, and finally it became universal, but not until one hour
and fourteen minutes after death. (Temperature of laboratory, 56° F.)

A considerable quantity of opalescent urine was removed from the bladder,
and when tested it was found that the opalescence was due to suspended
phosphates, and that the urine was perfectly free from albumen.

In the next experiment, in place of extract of physostigma, the sulphate of
the active principle was administered.

ExpermvENT 43-2.—In a rabbit weighing three pounds, it was found that
the rate of the heart’s impulse was 44, and that of the respirations 15, in ten
seconds, and that the pupils measured Liths x 13ths of an inch.

A solution containing half a grain of sulphate of atropia in 15 minims of
distilled water was injected under the skin at the right flank. In one minute
afterwards, the rate of the heart’s impulse was 47 in ten seconds ; in one minute
and thirty seconds, the respirations oceurred 22 times in ten seconds; in two
minutes, the pupils measured }5ths x 15ths of an inch; in three minutes, the
rate of the heart’s impulse was 53 in ten seconds ; in three minutes and thirty
seconds, the respirations oceurred 21 times in ten seconds ; and in four minutes,
the rate of the heart’s impulse was 55 in ten seconds, while the pupils measured
16ths x 1&ths of an inch.

Five minutes after the sulphate of atropia had been injected, a solution
containing six twenty-fifths of a grain of sulphate of physostigmia in 25
minims of distilled water was injected under the skin at the right flank, and
then the syringe was washed out with a few minims of distilled water, which
was injected under the skin at the right hip—the entire operation occupying
thirty seconds. The first symptom that followed was the occurrence of in-
frequent and slight twitches of small portions of the panniculus carnosus
muscle, in the neighbourhood of the regions where the two last injections were
made. These twitches were first observed one minute and twenty seconds after
the commencement of these injections of physostigmia, and they gradually ex-
tended over the surface of the animal, until in three minutes they had become
seneral.  In four minutes, the rate of the heart’s impulse was 49, and that of the
respirations 21, in ten seconds ; and the pupils now measured }5ths x 13ths of
an inch. At this time, also, the respiratory movements were often accompanied
with a hiccup-like start. In six minutes, the rate of the heart’s impulse had
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decreased to 42 in ten seconds ; and now the rabhit was affected with occasional
tremblings, restlessness was present, and the movements were somewhat impeded
by a slight degree of extension of the anterior extremities. In eight minutes,
urine and ficces were voided, the latter having a perfectly normal appearance,
tremors were of frequent occurrence, and the fibrillary twitchings had become
areatly exaggerated, the entire surface of the animal being in constant move-
ment. In ten minutes, the extension of the limbs had given place to undue
flaccidity, so that they could scarcely support the body; weak general
tremors succeeded each other at intervals; the muscles of the neck seemed unable
properly to support the head, which often subsided until the lower jaw nearly
rested on the table ; the respirations occeurred 30 times in ten seconds ; and the
pupils measured }§ths x Liths of an inch. In seventeen minutes,the animal
fell on the abdomen and chest, and remained i this position.  Tremors still
oceurred, though weaker and less frequent than before, and the fibrillary
twitching of the panniculus carnosus muscle had rather diminished ; but it was
apparent that similar twitchings were oceurring in the deeper muscles. In twenty-
two minutes, the lower jaw was rested on the table, and the arching of the back
had almost disappeared. Attempts were made to count the heart’s impulse,
but when the hand was placed on the animal, tremors so severe and continuous
were excited that it was impossible to ascertain the rate with accuracy. In
twenty-five minutes, the general weakness had still further increased, so that the
limbs were extended helplessly at right angles to the body, and the side of the
head was resting on the table, The respirations were now 20 in ten seconds, the
pupils measured 15ths x }iths of an inch, and the fibrillary twitches had
become less prominently marked.  In thirty minutes, a slight improvement was
manifested in the condition of the animal, for spontancous tremors but rarely
occurred, nor were they excited in their former severity when the hand was
placed on the body. It was therefore possible to count the heart’s impulses,
which were ascertained to oceur 41 times in ten seconds. A general improve-
ment was still more distinetly perceived at forty minutes after the injection of
physostigmia, when the head was now and then quietly elevated, and attempts
were made to raise the body from the table. The latter were at first unsuccess-
ful, but at forty-nine minutes the rabbit succeeded in rising, and at once assumed
a perfectly normal posture.  In fifty-two minutes, several ficcal pellets of natural
appearance were passed ; the heart’s impulse was at the rate of 36, and the re-
spirations were at that of 22, in ten seconds; the fibrillary twitchings were
pretty well marked ; and the rabbit was able to go about, though with consider-
able difficulty.  After this, the animal usually sat quiet in a normal attitude, and
in a short time it was able to go about without any perceptible difficulty. In
one hour and thirty minutes, a great number of large fiecal pellets were passed,
which were of a somewhat pultaccous consistence. At this time, the rate of
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the heart’s impulse was 36, and that of the respirations 19, in ten seconds ; the
pupils measured 17ths x 1iths of an inch, and distinct fibrillary twitchings
were still present ; with these exceptions, the animal was in a perfectly normal
state.

On the following day—at twenty-six hours after the injection of physostigmia
—the rabbit was active and well ; and it was observed that, since the last note,
a considerable quantity of pultaceous fieces had been passed. The rate of the
heart’s impulse was 32, and that of the respirations 15, in ten seconds ; and the
pupils measured }jths x 1jths of an inch.

By the fourth day, a normal rate of the cardiac contractions and respiratory
movements, and a normal condition of the pupils, had been reassumed.

On the tenth day, the rabbit was found to weigh three pounds and half an
ounce ; and it was then made the subject of the following experiment :—

ExperiMest 43-b.—Having dissolved six twenty-fifths of a grain of sul-
phate of physostigmia in 25 minims of distilled water, I injected the solu-
tion under the skin at the right flank, and then washed ﬂm syringe with a few
drops of distilled water, and injected this water under the skin at the right hip.
Before this experiment was commenced, the rate of the cardiac impulse was 42,
and that of the respirations 19, in ten seconds ; and the pupils measured }#ths
x 13ths of an inch.

In one minute and thirty seconds after the commencement of the admini-
stration, rare fibrillary twitches occurred near the regions of injection ; but no
marked general symptoms appeared until four minutes and forty seconds, when
the limbs, especially the two anterior, became extended. The animal then
went about unsteadily, and with considerable difficulty ; and the rate of the
cardiac impulses was 37 in ten seconds. In six minutes, some fiecal pellets
were passed ; tremors occurred almost without intermission ; stumbling and
somewhat exeited movements were made ; and the extended state of the limbs
disappeared, and the rabbit subsided on the abdomen and chest. These symp-
toms rapidly became more and more serious; the pupils contracted to J;ths
% fths of aninch ; general paralysis became well marked ; frequently-recurring
tremors, weaker now than before, impeded the respiratory movements, and
saliva escaped from the mouth. In eight minutes, the respirations consisted
of mere gasps, laboured in their character, and greatly obstructed by mucus,
while the rate of the cardiac impulses had become diminished to 13 in ten
seconds. Soon afterwards, only rarely-oceurring gasps were observed, and it was
impossible to detect any cardiac impulse. The former ceased on the oceur-
rence of death, nine minutes and fifty seconds after the commencement of the
injection.

At the moment of death, the pupils measured ,%ths x ;4ths of an inch, and
they slowly increased in size until, at ﬁu-t_r-um, minutes after death, they
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measured 18ths x %ths of an inch ; and now, for the first time, post mortem
rigidity hﬂ,d been initiated, slight stiffness lmlng present in the posterior ex-
tremities (temperature of laboratory, 58° I.)

It is very obviously shown by these experiments that the fatal action of
certain lethal doses of extract of physostizma, and sulphate of physostigmia, may
be prevented in rabbits by the previous administration of atropia.

Atropin and Physostigma simultaneously administered.—In the two following
experiments, extract of physostigma and sulphate of atropia were administered
simultaneously, or nearly so, only an unavoidable interval of a few seconds in-
tervening between the administration of the two substances,

ExreriMENT 44-a,—In a rabbit that weighed three pounds and twelve
ounces, I injected under the skin of the left flank half a grain of sulphate of
atropia, dissolved in 15 minims of distilled water, and immediately after-
wards three grains of extract of physostigma, suspended in 28 minims of dis-
tilled water. Without any loss of time, the two syringes employed in these
injections were washed out with a few drops of distilled water, and the wash-
ings were separately injected under the skin at different regions.

Except dilatation of the pupils and fibrillary twitches of the muscular strue-
ture beneath the skin, obvious symptoms were but slowly produced, and it
was not until eleven minutes after the injections had been finished that para-
Iytic effects were produced. These effects, however, increased in severity some-
what quickly, and in fifteen minutes the rabbit fell over on the side, though it soon
turned again, and lay on the abdomen and chest with the back well arched. At
this time, the pupils were in full dilatation, fibrillary twitches oceurred over the
whole surface of the animal, and fieces of normal consistence and colour were
passed, while now and again a spasmodic contraction of the abdominal muscles
accompanied the inspiratory movements. Unsuceessful efforts were frequently
made to raise the body on the limbs, and often resulted in the production of
general tremors, during which the rabbit several times fell over on the side.
This state of great muscular weakness, attended with well marked fibrillary
twitches of the panniculus carnosus muscle, and apparently also of muscles
more deeply situated, continued, without any improvement, until one hour and
ten minutes after the commencement of the experiment, when further observa-
tions were interrupted.

On the following day the general state of the rabbit appeared a perfectly
normal one. The pupils were, however, in full dilatation, and it was observed
that a large quantity of semi-liguid fieces had been passed.

On the third day the ficces that were passed were in every respect normal,
Dilatation of the pupils was still present, and this, the most pu sistent of the
symptoms, did not disappear until the sixth day.

On the tenth day, the following experiment was performed ; the rabbit
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being perfectly well, and weighing three pounds and twelve ounces and a
half.

ExpErIMENT 44-b.—1I injected one grain and a half of extract of physo-
stigma, suspended in 15 minims of distilled water, under the skin at the
right flank, and immediately afterwards washed out the syringe and injected
the washings under the skin at the right hip. Effects were produced in every
essential character analogous to those that have been described as oceur-
ring in the preceding experiments with the extract, and in fifteen minutes
the animal was lying on the abdomen and chest. At this time the only
noteworthy symptoms were an unusually abundant escape of saliva from the
mouth, and a remarkable frequency in the voiding of pultaceous feces. In
twenty-three minutes the rabbit fell over on the side, and while it remained
in this position the respirations were laboured and greatly obstructed by
mucus accumulated in the larynx and air passages, the pupils were con-
tracted, and the cardiac impulses of infrequent occurrence. In twenty-five
minutes a marked improvement occurred in the general condition of the rab-
bit ; it turned so as to rest on the abdomen and chest, the head was frequently
raised, and the respirations became more frequent and almost free from
obstruction.  This improvement was, however, of but short duration, for in
forty minutes the respirations again became embarrassed, tremors and irregular
and somewhat energetic general movements occurred, and the rabbit again
fell over on the side. Gradually the respiratory movements became less
frequent, frothy saliva escaped from the mouth and accumulated in the larynx,
the pupils diminished in size, and the heart’s impulses became feeble and in-
frequent. Soon afterwards the respirations assumed the character of laboured
casps, greatly impeded by an abundant accumulation of frothy mucus, and they
finally ceased at fifty-four minutes after the injection of the extract.

ExreriMENT 45-a.—In a young rabbit weighing two pounds and eight
ounces, I injected half a grain of sulphate of atropia, dissolved in 15 minims

of distilled water, under the skin at the right flank, and then one grain of ex-
tract of physostizma, suspended in 15 minims of water, under the skin at the
left flank. Immediately afterwards the water used in washing out each of the
syringes was injected under separate parts of the skin.

Before the experiment the pupils measured 3ths x 1}ths of an inch, and
in two minutes after the commencement of the first injection they had enlarged
to 13ths x 1iths of an inch, while slight fibrillary twitches were observed at
the right side in the immediate neighbourhood of the regions where physo-
stigma had been injected. In seven minutes the rabbit became restless; in
thirteen minutes the pupils had still further enlarged to }§ths x 1§ths of an
inch ; and in fourteen minutes several fiecal pellets were passed, and the
fibrillary twitches were more marked, and ocewrred over the whole surface of
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the animal. With these exceptions, the rabbit appeared to be in a normal
state, until eighteen minutes after the commencement of the injections, when
symptoms of loss of power occurred in the thoracic extremities; but these
symptoms did not become severe until twenty-five minutes, when stumbling
movements were made, and soon after the rabbit subsided on to the abdomen
and chest. It remained quietly in this attitude, with the head normally raised,
for about eight minutes, and then rose up and stood or went about somewhat
unsteadily. A large additional quantity of ficces having a normal character
was passed, and some urine voided. Soon afterwards the partial paralysis
was recovered from, and at forty-five minutes there were no marked general
symptoms present, except a dilated state of the pupils and fibrillary twitches.
A perfect recovery ultimately oceurred.

Thirteen days afterwards the following experiment was performed on this
rabbit, which then weighed two pounds and nine ounces.

ExprErIMENT 46-b.—One grain of extract of physostigma, mixed with 15
minims of distilled water, was injected under the skin at the right flank, and im-
mediately afterwards the syringe was washed out with a few drops of distilled
water, and this too was injected under the skin.

The phenomena usually produced by such a dose ocenrred in their ordinary
sequence : fibrillary twitches, stiff extension of the limbs succeeded by their
partial paralysis, slight tremors, unimportant and transient dilatation followed
by marked contraction of the pupils, defiecation, excessive flow of saliva, and
then a state of general flaccidity, interrupted now and then by laboured and
gasping respirations. In eighteen minutes after the injection of the extract
the rabbit was dead.”

Phlysostigma administered before Atropie.—It is evident, therefore, that
atropia is able to prevent the occurrence of death after lethal doses of physo-
stigma, if' the two substances be simultaneously administered. The influence
that it exerts on the lethal action of physostigma when administered after the
dose of this substance is shown by the following experiments. In the first of
these, the extract of physostigma was employed.

ExrerivMENT 46-2.—Having ascertained, in a rabbit weighing three pounds
and two ounces, that the average rate of the cardiac contractions was 40, and

EY

As has been frequently notieed in similar experiments, the bladder of this rabbit contained a
large quantity of urine. I endeavoured to ascertain whether physostigma is exereted by the kidneys,
by the following process :—About two ounces of this urine was evaporated at a low temperature on a
water bath, and the residue carefully mixed with a little rectified spirvit, and the mixture was then
filtered, and in its turn ow wporated to dryness at a low temperature.  Then the extract thus obtained
was triturated with a very little distille d w ater, and = drop of the resulting fluid was applied o the
right eyeball of a rabbit, it having been previously ascertained that both pupils measured }&ths

l:,]l'-.- of an inch.  The pupils were carclully measured at frequent intervals during the r._r]]...-u. ing hour
alltl twenty minutes, and it was found that no change ocenrred in the size of Lllll‘ti_,[' It is t]mh fore
highly improbable that the physostigma is exereted |.lj" the kidneys.
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of the respirations 27, per ten seconds, and that the pupils measured 19ths x
10ths of an inch, I injected two grains and a half of extract of physostigma,
suspended in 30 minims of distilled water, under the skin of the right flank, and
immediately afterwards the washings of the syringe under the skin at the
right hip. Two minutes thereafter, the respirations were at the rate of 28 per
ten seconds, and infrequent fibrillary twitches occurred at the right side. The
animal became slightly restless and appeared uncomfortable. In four minutes
the cardiac impulse was at the rate of 30 in ten seconds, but the pupils were
unchanged in size.

Five minutes after the commencement of the physostigma injection, half
a grain of sulphate of atropia, dissolved in 15 minims of distilled water,
was injected under the skin at the left flank, and the washings of the
syringe under the skin at the left hip. In one minute after the injection of
atropia, the pupils had increased to the size of 12ths x 12ths of an inch, and
movements of the lips and mouth, symptomatic of the action of physostigma,
were being made.  In two minutes, the rate of the cardiac action had increased
to 45 in ten seconds, and the fibrillary museular twitches had become frequent
and general over the whole surface of the rabbit ; and in four minutes, the size
of the pupils had still further increased to }iths x }3ths of an inch, while the
movements of the lips referred to still continued. In eight minutes, the rabbit
was sitting normally, though with some slight shaking, the heart’s rate was 51 in
ten seconds, and the fibrillary muscular twitches had become greatly ex-
agrerated. It was not until fifteen minutes after the administration of atropia,
and therefore twenty minutes after that of physostigma, that distinct symptoms
of paralysis manifested themselves, and they consisted of merely a slight yielding
of the forelimbs during the movements, and a little drooping of the head. At
this time the respirations were at the rate of 22 per ten seconds, and the heart’s
action was very frequent, though it was impossible to ascertain its rate with
accuracy, on account of the incessant recurrence of the fibrillary muscular
twitches. These various symptoms continued unchanged until twenty-five
minutes after the administration of atropia, when the paralytic symptoms became
more marked, for whenever the animal attempted to go about it stumbled,
and oceasionally even fell on the abdomen. It was seen that the pupils had
now diminished in size to liths x 14ths of an inch. In forty-five minutes
a large quantity of urine was voided; in fifty minutes, the pupils measured
Liths x liths of an inch, and normal respiratory movements occurred at the
rate of 26 in ten seconds; and in one hour several large and somewhat soft
faecal pellets were passed.  There was not, as yet, any decided change in the
ceneral state of the animal ; stumbling ocewrred when movements were made,
and although a normal sitting posture could be assumed, there was distinct
drooping of the head while this posture was being maintained. Now, however,
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the fibrillary muscular twitches had somewhat diminished, and accordingly it
was possible to ascertain with certainty that the rate of the eardiac contractions
was 44 per ten seconds.  In one hour and ten minutes a little moisture was
seen at the mouth, and soon afterwards moist sounds oecasionally accompanied
the respiratory movements. It was observed, at this time, that the two pupils
had become unequal in size, the right measuring, in full light, 1Zths x 1 Zths, and
the left 14ths x Liths, of an inch.  In one hour and fifteen minutes the animal
went about quite steadily ; there was no drooping of the head ; the respirations
were frequent and no longer accompanied with moist sounds ; the cardiac con-
tractions were at the rate of 35 in ten seconds ; and several soft and wet fieeal
pellets were passed, and a little urine was voided. The acenmulation of mucus in
the larynx had not, however, been entirely got rid of ; for, every now and then,
a curions discordant sound, cough-like in its character, was heard, which was
unmistakably caused by an effort to get rid of some soft substance in the larynx.
In two hours these sounds had altogether ceased ; the rate of the cardiac
impulses was 41, that of the respiratory movements 22, per ten seconds ; and the
size of the right pupil was 28ths x 19ths, and of the left 13ths x }#ths of an inch.
But with the exception of infrequently oceurring fibrillary twitches, there was
no obvious symptom present.

On the following day—twenty-seven hours after the commencement of the
experiment—the rabbit seemed to be perfectly well.  The eardiac contractions
were oceurring at the rate of 31, and the respiratory movements at that of 19,
in ten seconds ; and the pupils were still unequal, the right measuring 1jths x
1#ths, and the left 1iths x Liths of an inch.

On the third day the most notable change that had oceurred was in the
rate of the cardiac contractions, which had by that time reassumed a normal
rate of 41 in ten seconds. It was not, however, until the seventh day, that the
pupils had resumed their previous size of Ljths x 1§ths of an inch.

On the twelfth day the rabbit was in a state of vigorous health ; its weight
was three pounds and two ounces and three quarters ; the rate of the heart’s
contractions was 41, and that of the respirvations 18, in ten seconds; and the
pupils measured Liths x 18ths of an inch.

ExprEriMENT 46-b.—Two minutes after the last observations had been made,
the rabbit received, by subeutancous injection, two grains and a half of extract
of physostigma. In three minutes and thirty seconds the rate of the cardiac
impulses had fallen to 36 in ten seconds ; the respirations were normal, and
there were no gemeral symptoms except infrequent fibwillary twitches and
movements of the lips and mouth. In four minutes and forty seconds, how-
ever, the limbs became extended; and in seven minutes stumbling move-
ments were made, while a slight increase in the size of the pupils was
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observed. In eight minutes a series of tremors ocenrred, which were frequently
repeated until the animal, in nine minutes, sank down on the abdomen and
chest. At this time, the rate of the heart’s contractions was only 19 in ten
seconds, and the respirations were considerably diminished in frequency, and
somewhat laboured, obstruction being apparently caused by mueus accumulated
in the mouth and throat. Very soon afterwards the embarrassment of the
respiratory movements became greater, to such an extent that each respiration
was accompanied by energetic struggling movements of the whole body ; and
in eleven minutes they assumed a gasping character. In eleven minutes and
thirty seconds the head was drawn back, and a few slight tremors oceurred,
after which the rabbit was dead.

The first appearance of rigor, consisting of slight stiffness of the posterior
extremities, occurred twenty-four minutes after death (temperature of laboratory,
58" F.).

I shall now deseribe, but with less minuteness, three other experiments,
where the administration of atropia was preceded by the administration of a
lethal dose of extract of physostigma, and where the interval of time sepa-
ating the administration of the two substances was greater than in the last
i..‘!i'l)l_"l’]tl]l[.:llt.

{XPERIMENT 47-a.—Two grains of extract of physostigma, previously sus-
pended in 20 minims of distilled water, was injected under the skin at the right
Hank of a rabbit weighing three pounds and eleven ounces and a half.  In eight
minutes, the rabbit was lying on the abdomen and chest, saliva was escaping
abundantly from the mouth, the pupils were somewhat contracted, the respira-
tions were noisy and laboured, and moist fieces were being copiously passed.

At eight minutes and thirty seconds, half a grain of sulphate of atropia, dis-
solved in 15 minims of distilled water, was injected under the skin at the left
flank. In four minutes afterwards the pupils were dilated and the flow of
saliva and passage of fieces had ceased. In six minutes vigorous efforts were
made to rise ; but these were not successful until fifteen minutes. In about
one hour and twenty minutes, the rabbit was nearly well, thongh a slight degree
of paralysis was still present. In one hour and forty minutes, every obvious
symptom had disappeared, except dilatation of the pupils and fibrillary twitches
of the muscles,

IXPERIMENT 47-b.—Four days afterwards, this rabbit, while in a perfectly
normal condition, received, by subcutaneous injection, one grain and a half of
extract of physostigma, suspended in 15 minims of distilled water. Tremors,
paralysis, and great increase of the salivary and bronchial mucus seeretions,
were quickly produced ; moist ficces were, by-and-by, evacuated in large quan-
tity ; the pupils became contracted ; and death occurred fifteen minutes and
thirty seconds after the administration.
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In the next experiment, an interval of ten minutes and thirty seconds was
allowed to intervene between the administration of the two substances.

ExrEriMENT 48-2-—A young rabbit, weighing two pounds and fourteen
ounces, received, by subeutaneous injection, one grain and a half of extract of
physostigma, suspended in 15 minims of distilled water. Symptoms of phy-
sostigma action appeared in one minute and thirty seconds; but they did not
assume a serious aspect until six minutes after the administration, when the
sabbit had great difficulty in maintaining a sitting posture.  In nine minutes, it
fell, and rested on the abdomen, chest, and lower jaw. In ten minutes, fieces
were passed, and saliva escaped from the mouth ; while the animal lay flaceidly,
(uite unable to move about, and, every now and then, was affected with tremors.

At ten minutes and thirty seconds, half a grain of sulphate of atropia, dis-
solved in 15 minims of distilled water, was injected under the skin at the left
flank. No obvious result occurred until four minutes and thirty seconds,
when the state of flaccidity somewhat lessened, the back becoming normally
curved. A few seconds afterwards, the head was again raised, the flow of
saliva was considerably diminished, and the pupils were slightly dilated. In
eight minutes the rabbit succeeded in rising, and it then sat in a natural pos-
ture. At this time, the exaggerated secretion of saliva had become completely
checked, and the pupils widely dilated.

ExreriveNT 48-b—Twelve days afterwards, one grain and a fifth of extract
of physostigma was suspended in 15 minims of distilled water, and injected
under the skin of this rabbit. Death oceurred in thirty minutes.

In the following experiment, likewise, extract of physostigma was adminis-
tered ten minutes and thirty seconds before atropia.

ExperiMENT 49-a.—Having suspended one grain and a half of extract of
physostigma in 20 minims of distilled water, I injected it under the skin at
the right flank of a strong white rabbit, whose weight was three pounds and
three ounces. Ten minutes thereafter the rabbit was suffering from an
advanced stage of physostigma poisoning. It was lying, unable to make any
movements, except irregular strugeles; saliva was freely escaping from the
mouth ; fieces were being passed ; the entive surface of the animal was affected
with fibrillary twitches ; and the pupils were contracted to 8;ths x 5,;ths of an
inch, their size before the injection having been }lths x 11ths of an inch.

At ten minutes and thirty seconds, I injected half a grain of sulphate of
atropia, dissolved in 15 minims of distilled water, under the skin at the left
Hank. In three minutes after the administration of atropia, the pupils measured
daths x Aths of an inch, and loud mueous sounds accompanied the respivations.
In six minutes, however, a decided improvement oceurred, as the rabhit ot
up and went about, though with considerable difficulty, and in a hurried and
excited manner. It was only at rare periods that mucous sounds were heard
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with the respirations ; the exaggerated flow of saliva ceased; and the pupils
hecame enlarged to .&ths x 5;ths of an inch. This improved state gradually
became more decided, until at thirty-seven minutes after the injection of
atropia, the rabbit seemed to have recovered from every abnormal symptom,
except that extremely well-marked fibrillary twitches and dilatation of the
pupils to the extent of 1§ths x 1§ths of an inch were present. At about one
hour and thirty minutes, unmistakable symptoms of general physostigma poison-
ing somewhat unexpectedly again manifested themselves. Faces, normal
at this time in their characters, were passed; the pupils contracted to 12ths x
1zths of an inch, and saliva appeared at the mouth. In one hour and forty
minutes, the respirations were constantly accompanied with mucous sounds ;
soft and, now and again, semi-liquid faeces were passed, and urine was voided ;
the surface of the eye-balls became unnaturally moist ; the pupils measured
only Liths x }§ths of an inch; and the animal lay on the abdomen and chest,
apparently unable to go about. However, an improvement in the general
condition again occurred at two hours and twenty minutes; and from this
time the symptoms became less and less severe, until a perfectly normal con-
dition was established.

ExpeEriMeENT 49-b.—Nine days afterwards this rabbit, being in a state of
vigorous health, and having a weight of three pounds and five ounces, received,
by subcutaneous injection, one grain and three-tenths of extract of physostigma.
In thirty-four minutes thereafter it was extended on the side ; infrequent,
laboured, and noisy respiratory gasps were occewrring ; soft and almost liquid
fieces were being passed, along with which there were occasionally some small
pieces of a clear jelly-like substance ; the cardiac contractions were oceurring
at a very reduced rate of frequency ; and the pupils were in extreme contrac-
tion. In forty-six minutes and ten seconds after the administration of physo-
stigma, the rabbit was dead.

In two other experiments that will now be deseribed, physostigma was
administered in the form of sulphate of the active principle, and between the
administration of the two substances a period even longer than that in the last
experiment intervened.

ExperiMENT 80-a—In a rabbit, weighing three pounds and ten ounces, the
average rate of the cardiac contractions was found to be 38, and that of the re-
spiratory movements 22, in ten seconds; while the pupils measured }}ths x
18ths of an inch. A solution, containing nine-fifteenths of a grain of sulphate
of physostigmia in 20 minims of distilled water, was injected under the skin at
the right flank, and, immediately afterwards, the syringe was washed with a
few drops of distilled water, and this water was injected under the skin at the
right hip. The following symptoms then occurred, the time being computed
from the moment when the first injection was commenced :—
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Cardiae Lespirations, | Size of Papils, in
Contractions, per fractions of an General Symptoms, e
per 1sceonds. | 10 secomds. inch.

19 -— Infrequent fibrillary twitches at right
side.

In 1 min. 30 sec.

1

4 3 14
- (4 SRR 1 | - 12ths x 1 3ths | Movement of lips commenced.
Toem : == — Slight restlessness amd some extension |
of the limbs, |
16 Liths x Liths | The extension of limbs more marked,
and some unsteadiness and shaking.
] 15 : — — - Exeited movements, amd  often
stumbles, while series of tremors
OCENT,
3 s . = 18 _— Head lll‘f)ﬁl}.:i_l the sl extension of the
limbs has given place to some flac-
cidity and weakness, amd the fore
limbs often give way. Somewhat
, soft fieees are passed.
14 ., : 14 = 1lths » Fiths | The respirations ave noisy, impeded
| | by mueuns, and laboured ; and the
: { ! animal lies on the abdomen and
chest, Saliva BECAPES flu:lj.' fmm,
. the mouth, l
i s : 9 — gsths % F5ths | The animal is on the side. Infre- |
quent, laboured, and noisy respiva-
tioma oecur, which are ascompanied
with general struggles.  The eardiac
imp!nla'q; 15 [r:-:l:.!n-.muty wealk,

=
[ L]
LE=a B
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o
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At fifteen minutes and ten seconds after the commencement of the injection
of sulphate of physostigmia, a solution containing seven-tenths of a grain of
sulphate of atropia in ten minims of distilled water was injected under the skin
at the back ; and immediately afterwards, the syringe was washed and the few
minims of water employed was injected under the skin at the right shoulder.
After the commencement of these injections of sulphate of atropia, which were
made while the animal appeared to be at the point of death, the following
symptoms oceurred :—

| Cardiae [{l:al:imlin]ﬁ, Size of Pn Erilﬁ, in i
Contractions, per fractions of au General Symptoms, &e.
| per 10 seconds. | 10 seconds, inch.
| T e
| In 1 min. 30 zee, . — 7 faths x yyths
| = e a0 14 oths % %5ths | The cardiac impulse is strong.
| & | 52 15 | 10ths % 15ths | Still on side. The respirations are
| | | almost normal in chavacter, and |
_ ! ! now unaccompanied with moist
' gonnds. Fibrillary musenlar twitches
| | | very frequent, and oecurring over |
| the whole surface, Now and then |
some spasmodie tremors,
I o : 59 . - — The tremors are less frequent, and the
|' head is occasionally raised.
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| apdine Respirations, | Size of Pupils, in
Contractions, per fractions of an General Symptoms, &e.
per 10 seconds. | 10 seconds, imch.
In 9 min. 30 sec, 61 19 1iths x 1iths | Saliva has ceased to flow from the
month.
1T s B0, —_— - —_ Hasz suceeeded in turning from side,

and is now lying on the abdomen
and chest, with the lower jaw rest-
ing on the table,
i : . 20 — Moist sounds occagionally aceompany
the respirations. Efforts are made
to arch the back. Fibrillary twitches
I - have become so frequent that it is
| impossible to count the cardiac im-
' pulses, but they are ascertained to
| be very frequent.
85 . > —_ | 21 | giths x 3 fths | The back is now arched, but the lower
|
|

[ Jaw still rests on the table, and the
| anterior extremities are extended
flaccidly at right angles to the body.
a0 e B 6l 16 — The fibrillary twitches ave less marked.
36 g -— —_ | #3ths x }§ths | The rabbit got up and walked a short
' distance slowly and unsteadily. The
transverse diameter of the pupils is
! greater than the perpendicular.
L ESB0 o 2 el 50 19 12ths x }5ths | Now and then the rabbit goes about
| with great difficulty, but usually
rests quietly on the abdomen and
| . chest. At rare intervals moist
f sounds accompany the respirations.
| 120 . ‘ — t —_ [ — There is only a little difficulty present

when the mbbit goes about. It
usnally sits mormally, with slight
drooping of the head. The fibrillary
twitches are prominently marked.
160 sl 42 11 18ths x }iths | The general condition remains as last
i . noted, except that the fibrillary
twitches are now only slightly
| marked. Neither deficeation nor
urination have occurred sinee the
injection of the atropia.

On the following day—twenty-three hours after the commencement of the
experiment—the rabbit was lively and well. It was ascertained that the cardiac
impulses oceurred at the rate of 28, and the respiratory movements at that of
9, in ten seconds. The pupils measured }jths x 1&ths of an inch.

On the fourth day, the restoration of every affected function to a normal
state appeared to have been perfected ; for now the cardiac contractions and
the respiratory movements had returned to their usual rate of 39 and 22 in ten
seconds, while the pupils measured }Jths x 18ths of an inch, which exactly cor-
responded to their measurement before this experiment was made.

ExrerivMeNT 80-b.—On the tenth day this rabbit received, by subcutaneous
injection, nine-fiftieths of a grain of sulphate of physostigmia. It had previously
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been ascertained that the weight of the animal was now three pounds and ten
ounces and a half, that the pupils measured 1gths x %ths of an inch, and
that the cardiac contractions were at the rate of 38, and the respirations at
that of 15, in ten seconds.

The phenomena usnally produced by such a dose quickly made their appear-
ance ; among which may be noted a reduction in the rate of the heart’s action
to 29 in ten seconds, five minutes after the commencement of the administration.
Stumbling and excited movements, accompanied with slight increase in the size
of the pupils, were, by-and-by, succeeded by partial paralysis, accompanied
with frequently recurring tremors, slight contraction of the pupils, noisy infre-
quent respirations, a flow of saliva from the mouth, and the passage of fieces.
In thirteen minutes, the rabbit fell over on the side, the respirations were gasp-
ing and obstructed by mucus, the heart’s contractions were at the greatly reduced
rate of 14 in ten seconds, and the pupils measured only 7;ths x f;ths of an inch.
Nearly incessantly the limbs were moving in a to-and-fro direction, and occa-
sionally they were affected by more vigorous spasmodic movements. In fifteen
minutes and thirty seconds, it was impossible to discover any cardiac impulse,
the respirations consisted of rarely occmrring gasping movements, the pupils
had contracted to S;ths x fths of an inch, and the sensibility of the eyeballs
had entirely disappeared. Only a few more gasps occurred, and in sixteen
minutes after the commencement of the experiment the rabbit was dead.

After death, the first appearance of rigidity was detected in twenty-five
minutes, but decided general rigor did not occur until the end of fifty-five
minutes (temperature of laboratory 56° 1.). At this latter period the pupils
measured }iths x 18ths of an inch.

In the next experiment, also, it is conspicuously shown that atropia is able
to prevent the lethal action of physostigma even when its administration is
deferred until death appears to be on the point of occurring.

Exprerimext 81-a.—1In a rabbit, weighing three pounds and eight ounces, it
was ascertained that the rate, per ten seconds, of the heart’s contractions was 40,
and that of the respirations 20, and that the pupils measured ! 4ths x L3ths of an
inch. The rabbit then received, by subeutaneous injection, seventeen-hundredths
of a grain of sulphate of physostigmia. The following effects were noted :-

Cardiac I Respirations, | Size lli: l'll]lii:i, 10

| Contractions, per fractions of an General Bymptoms, o
I per 1 seconds. | 10 seconds. | inch,
|- T P I-__ : = \2 R — P e = —— gt
| i | = S : .
[ T 1 moin. 30 zec. — _— - Slight librillary twitches at right side.

3 = . - ]G - Twitches more freduent.

s : 32 — [ Laths = L 2ths | A little restlessness,

G, . | 29 16 | i Movements of lips and mouth.

g ., | - 15 $iths = § fths | Limbs slightly extended. Shaking a
| [ | little,
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Candine
Contractions,
por 10 seconds.

Respirations,
pet
10 seconds,

Size of Pupils, in
fractions of an
mch,

General Symptoms, &e.

| In 10 min.

12,

14

]I-r
T

20

i8

. 30 sec. |

[
L3

19

—

12ths x }#ths

Llilis » L}ths

18ths x 1 4ths

rths x Ff5ths

g ths x fths

Stumbles frequently. Wet faecal
pellets passed,

Pultaceons fwces passed,  The fibril-
lary twitches are well marked and
general. The rabbit is lying on the
abdomen amd thorax.

The respivations are often accompanied
with mucous sounds, Saliva is
egcaping from the mouth.

Tremors oceurred, and the rabbit fell
on the side, but soon again lay on
the abdomen and thorax.

Tremors occurred.  Semi-liquid freces
were passed.

The respivations are considerably im-
peded by saliva and mucus. There
iz no arching of the back, and the
lower jaw rests on the table,

The respirations are laboured, and now
and again obstructed by mucus, which
is removed only after energetic
strngeles.  Rabbit has again fallen
over on side, and iz unable to turn
itgelf.  The fibrillary twitching is
now only slight.

Ouly infrequent laboured respirations
oceurring at irregular intervals. The
rabbit is lying on the side, and
movements of the limbs accompany
the respirations, The cardiae im-
pulse is very weak.

Infrequent and laboured gasps, greatly
obstructed by muens.

e

At twenty-nine minutes after the commencement of the injection of physo-
stigmia, half a grain of sulphate of atropia was administered to the rabbit by
subcutaneous injection, when the symptoms became modified in the following

manner :—

. Cardiac
Contractions,
Ter 14 seconids,

Hespirations,
per
10 seconds.

Size of Pupils, in
fractions of an
imch.

General Symptoms, &e.

i Inn 1 min,

I 2 E
i
3 £l
ﬁ £
| -
i 1)

arths ® Apths

Rabbitisstillonside, Weak struggling
gasps oecurring.

Respirations are no longer gasping,
but they are still aceompanied with
mucous sounds,

Respirations are less noisy.

Eespirations are regular and full, and
ouly oecasionally accompanied with
moist sounds.

Fibrillary museular twitches have
again become prominent.
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Cardiac
Contractions,
per 10 seeonds.

Itespirations,
per
10 seconds,

Size of Pupils,
in fractions of an
inch.

General Symptoms, &e.

In 8 min.
10 T
11,
18
1
2 .,
28 ,
40 "
0,

10
126 ,,
190,

"

Gl

40

15

16

14

14

16

Siths x g5ths

18¢hs % 1fths

Loths » L&ths

Fiths % 3{ths

16 LE
Liths x 3iths

1 5ths x tEths

18ths % 16ths

Rabbit is still on the side, but nsnally
quict, except the shaking that is
cansed by the incessant fibrillary
twitches,

Unsuccessful attempts are made to
turn from the side,

The respirations are now guite free
from mumeous sonnds.  The incessant
fibrillary contractions of the muscles
canze twitches not only of the skin,
but alzo of the toes, legs, ears, tail,
and even eyeballs,

After many efforts, the rabbit suc-
ceeded in turning from the side.

Some efforts were made to raise the
thorax on the anterior extremities,
but these efforts excited a series of
tremors, during which the rabbit
fell on the side.

The rabbit has now turned from the side,

A normal H:il.-t.il:lg posture was assumed
and maintained.  There is, however,
a little drooping of the head.

The rabbit walked about with enly a
little difficulty.

Occasionally some wmoist sounds are
heard accompanying the respirations,
There iz still a decided degree of
weakness present in the anterior
extremities, The fibrillary twitches
are still incessant in their oceurrence,

The fibrillary twitches have diminished
in frequency, but not in the gencral-
ity of their cceurrenece, the eyeballs,
cars, feet, &e., being still sometimes
twitched.

The rabbit goes about without any
unsteadiness.  For the first time
sinee the injeetion of atropia, some
ficcal pellets were now passed, which
are rather larger and slightly softer
than normal pellets,

The general condition of the rabbit
seems to be a perfectly normal one.
It is only with difficulty that some
rarely occurring fibrillary twitches |
can be detected. A few more facal |
pellets have been passed, but no |
uring has beem voided since the
eommencement of the experiment.

—r———

On the following day this rabbit seemed to be in an absolutely normal con_

dition.

It fed largely, and went about actively and well.

The pupils measured

Liths x 1 &ths of an inch, and the rate per ten seconds of the cardiac contractions
VOL. XXVI. PART IIL
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was 36, and that of the respiratory movements 18. No further observation was
made until the seventh day, when it was found that the heart was contracting
41 times in ten seconds, that the respirations were occurring 20 times in ten
seconds, and that the pupils measured 1Zths x 11ths of an inch.

The usual testing experiment to prove that the animal had received a lethal
dose of physostioma, was made on the ninth.day; but in this instance a smaller
dose was administered than that from which the animal had already recovered.

ExreriMENT 81-b.—Having ascertained that the rabbit which formed the
subject of the preceding experiment now weighed three pounds five ounces
and three quarters, I administered to it, by subeutaneous injection, thirteen
one-hundredths of a grain of sulphate of physostigmia. In four minutes there-
after, the rate of the cardiac contractions had diminished to 34 per ten seconds,
and in six minutes to 29 per ten seconds. At the latter time, the limbs of
the animal were extended, and it stood or went about unsteadily with the body
abnormally elevated. Soon afterwards, it became excited, and went about
with hurried stumbling movements; and during these movements, it was found
that the heart’s action was accelerated to the rate of 44 in ten seconds. In
fourteen minutes, pultaceous faeces were passed, moisture appeared at the
mouth, frequent fibrillary twitches were oceurring, and occasionally moist
sounds accompanied the somewhat frequent respiratory movements. In
seventeen minutes, the pupils were markedly contracted, and the rabbit lay on
the abdomen and thorax. In twenty minutes, tremors frequently occurred, the
respirations were now laboured and greatly obstructed by mueus and saliva, and
the heart contracted only 16 times in ten seconds. The rabbit was dead in
twenty-four minutes. :

Immediately before death occurred, the pupils hecame dilated to }3ths x
10ths of an inch; and at the moment of death they became contracted to
55 % Jf;ths of an inch.  After this, their size diminished to 4;ths x #;ths of an
inch, at one minute and thirty seconds ; but soon afterwards, gradual dilatation
set in, until they measured -8;ths x 5ths of an inch, twenty-four minutes after
death. At this time, post morfem rigor had appeared in the posterior extre-
mities (temperature of laboratory, 58° F.)

In these various experiments, the influence exerted hy atropia upon the
action of physostigma is shown to be a most remarkable and conspicuous
one, for it effectually counteracts the lethal activity of certain doses of
physostigma, whether it be given within a certain time before, simultaneously
with, or within a certain time after that substance.

Experiments on Dogs.—The experiments I have deseribed, whereby the exist-
tence of this counteraction is demonstrated, were performed on rabbits., In
the absence of proof to the contrary, and in the absence likewise of any reason-
able grounds for entertaining a different opinion, 1 feel entitled to assume that
this counteraction exists in all the species included in the higher sub:divisions
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of the animal kingdom. It was, therefore, with the greatest confidence as to
the result that the following experiments on dogs were performed.

ExperiMENT §2-a,—1 injected three-twentieths of a grain of sulphate of
atropia, dissolved in 10 minims of distilled water, under the skin at the left
flank of a cross-bred Spanish terrier, weighing eleven pounds; and the usual
plan was followed of injecting immediately afterwards the washings of the
syringe, so as to ensure that the whole of the dose mentioned should be
introduced.

At five minutes after the commencement of this injection, a dose of nine-
tenths of a grain of sulphate of physostigmia, dissolved in 30 minims of
distilled water, was injected under the skin at the right flank, the syringe was
washed out with a few drops of water, and this water was injected under the
skin at the right hip.

In five minutes after the injection of physostigmia, the dog was lying quietly,
apparently but little inconvenienced, and the pupils were dilated. Soon after
distinet fibrillary twitches were observed, a little discomfort was manifested,
and quite suddenly the dog fell over on the side. A normal crouching posture
was, however, soon assumed, but it was maintained for only a few minutes, and
in eleven minutes the dog again fell on the side. A few feeble and unsuccessful
efforts were made to turn, soon afterwards incessant tremors made their appear-
ance, and the fibrillary twitches became greatly increased in their frequency and
prominence. It was not until fifty minutes after the administration of physo-
stigmia, that any decided evidence of an improvement in the general condition
of the dog was observed. It now, however, appeared to take some interest in
the events that were occurring near it, and when spoken to, elevated the ears
and even slightly raised the head. In fifty-nine minutes, it got up and walked
about the room slowly and unsteadily.

On the morning of the second day, the dog ecat a large meal with evident
satisfaction, and with the exeception of some languor and of a slowness in the
cardiac contractions, it appeared to be in a normal state. The pupils were now
somewhat contracted.

EXPERIMENT §2-b.—On the eleventh day—ten days after the performance of
the previous experiment,—the dog, being active and well, and weighing eleven
pounds and four ounces, received, by subcutaneous injection, three-tenths of a
grain of sulphate of physostigmia dissolved in 20 minims of distilled water.
Immediately before this injection, it was ascertained that the heart’s contrac-
tions occurred at the rate of 23 in ten seconds.

The first obvious effect occurred in five minutes, and consisted in the pro-
duction of fibrillary twitches. In seven minutes, fieces were passed: and
soon afterwards, there was some unsteadiness in the movements, and gentle
tremors and almost incessant movements of the lips and mouth took place.
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In nine minutes, the dog lay down, but almost at once rose again, though with
creat difficulty; and now frothy saliva escaped from the mouth. In ten
minutes, it was lying extended on the floor, with the head resting on the lower
jaw. In eleven minutes, the head fell on the side, starts frequently occurred,
the respirations were gasping, laboured, and obstructed by mucus, and well-
marked fibrillary twitchings were present, which involved the whole surface
of the animal, and seemingly the deeper muscles also. In thirteen minutes, the
animal was altogether on the side, in a flaccid state. In fifteen minutes, the
heart’s contractions occurred at the rate of only 4 in ten seconds, and so long
were the intervals between the feeble respiratory gasps that more than once it
was thought to be dead. This event, however, did not oceur until two minutes
afterwards, or seventeen minutes after the commencement of the administration
of physostigmia.

In the two next experiments, atropia and physostigma were injected nearly
simultaneously.

ExrerivesT §3-a.—A vigorous English terrier dog, weighing ten pounds,
received, by subeutaneous injection, eight grains of sulphate of atropia, dissolved
in 80 minims of distilled water, and immediately afterwards, three grains of
extract of physostigma, suspended in forty minims of distilled water. These
injections, as well as those subsequently made, by which the washings of the
syringes were introduced under the skin, occupied altogether two minutes.

The chief symptoms that appeared were dilatation of the pupils, partial
paralysis, frequent vomiting, and hypnotism. Of these, the first continued for
several days, and the two last for less than twenty-four hours. The partial
paralysis was nearly completely recovered from in forty minutes, after which,
the dog was in a perfectly normal condition, except that the pupils were in full
dilatation and that a tendency to sleep was manifested.

ExperiMexT 83-b.—Three weeks afterwards, this dog being now ten pounds
and two ounces in weight, received, by subcutaneous injection, eight grains of
sulphate of atropia, and immediately afterwards six grains of extract of

physostigma.

Dilatation of the pupils and considerable loss of motor power were again
produced, but no vomiting occurred.  In addition to these symptoms, however,
certain others appeared that were undoubtedly due to physostigma poisoning,
such as tremors and exaggerated bronchial and salivary secretions. The
paralysis and tremors continued for more than three hours, and the dilatation
of the pupils for several days, after which the dog perfectly regained its former
condition.

ExrermMeEsT 83-¢.—Fifteen days after the second of these experiments, this
dog, being in every respect in a normal condition, received, by subcutaneous in-
jection, three grains of extract of physostigma—a dose equal to that from which
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it recovered in the first experiment, and only one-half as large as that from
which it recovered in the second. The results were, that fibrillary twitches, par-
tial paralysis, and tremors were quickly produced; that the lachrymal, salivary,
and bronchial secretions were profusely inereased; that the eardiac contractions
bhecame gradually slower and slower; that defrecation and urination ocenrred;
and that the respirations became more and more laboured and shallow, until they
ceased on the ocenrrence of death, at seventeen minutes after the administration.

It was ascertained after death, that the weight of the dog was ten pounds
and one ounce.

In the experiment that will now be deseribed, atropia was administered five
minutes after a lethal dose of sulphate of physostigmia had been injected under
the skin.

ExperIMENT 54-a.—An active young Scotch terrier dog, weighing ten
pounds and three ounces, received, by subeutaneous injection, three-fifths of a
grain of sulphate of physostigmia, dissolved in 25 minims of distilled water.

Before the injection, the rate per ten seconds of the cardiac impulses was
32, and that of the respirations 4, and the size of the pupils, in a full light, was
12ths x }&ths of an inch.

In two minutes after the commencement of the administration, symptoms of
discomfort were manifested, and the lips were moved and licked with the tongue,
as if an unusual quantity of fluid were present in the anterior part of the mouth.
In four minutes, slight tremors frequently occurred, and fibrillary twitches were
present.

In five minutes, a solution containing three-tenths of a grain of sulphate of
atropia in 15 minims of distilled water, was injected under the skin at the right
flank. In two minutes thereafter, the tremors already noted had become more
prominent and strong, the limbs were unable properly to support the body, urine
was voided, saliva escaped from the mouth, and the eyeballs were unnaturally
moist. The tremors and weakness quickly increased, so that, on account of the
former, it became impossible to determine the rate of the cardiac and respiratory
movements; while, on account of the latter, stumbles occurred, and the head
began to droop, until often it touched the floor. In five minutes, the pupils
were greatly dilated, but now the secretions of the salivary and lachrymal
glands were diminished. In seven minutes, the dog lay quietly on the abdomen
and thorax, and in thirteen minutes, it fell over on the side. An endeavour was
made to count the cardiac impulses ; but when the hand was placed over the
heart, the tremors referred to became so greatly increased that it was im-
possible to distinguish the heart’s impulse. It was not until thirty-eight
minutes that an attempt to count the heart’s contractions was successful,
and then it was found that the impulse occurred at the rate of 45 in ten
seconds. At the same time, the respirations had a rate of 7 in ten seconds, and

VOL. XXVI. PART IIL T



a70 DR THOMAS B, FREASEE ON THE ANTAGONISM BETWEEN

the pupils measured }jths x }jths of aninch. In forty-eight minutes, the con-
dition of the dog had so far improved, that, after some efforts, it rose on the
limbs, and then lay down in a normal crouching attitude, with the head raised.
[n fifty-three minutes, the dog attempted to vomit, but it was not until one
hour and sixteen minutes that emesis occurred.  Soon afterwards, it again got
up and walked about the room, with only a little unsteadiness. In one hour
and fifty-five minutes, the animal seemed to be perfectly well. The rate per
ten seconds of the cardiac contractions was 47, and that of the respirations 10,
and the pupils measured about }Jths x }fths of an inch. During all this time,
urine had been voided only once, and no fieces had been passed.

On the following day, the dog was active and in a perfectly normal general
condition. The eardiac impulses oceurred at the rate of 48, and the respiratory
movements at that of 5, in ten seconds, while the pupils measured 1 §ths x 18ths
of an inch.

It was not, however, until the sixth day that the heart’s action had become
reduced to the normal frequency of about 30 contractions in the ten seconds ;
and the pupils remained more or less dilated for other eight days, but on the
fifteenth day they had returned to the condition that existed previously to the
experiment.

This dog afterwards received without any atropia a dose of physostigmia
only one-half as large as that from which it recovered when atropia also was
given, and the following effects were produced :—

ExreriMenTt 54-b.—Nineteen days after the performance of the previous ex-
periment, the dog that had been used in it received, by subcutaneous injeetion,
three-tenths of a grain of sulphate of physostigmia, dissolved in a small quantity
of distilled water. In five minutes, symptoms of discomfort, slight unsteadiness
of the limbs, and fibrillary twitches were observed; and soon after, struggling
and stumbling movements occurred, and the flow of tears and saliva became
increased.  In eight minutes, decided paralysis of the posterior extremities was
present. In ten minutes, the dog lay down on the abdomen, and rested the
lower jaw on the floor. Series of gentle tremors succeeded each other in rapid
sueccession, and at the end of one of them the dog fell over on the side. Saliva
now escaped freely from the mouth, wet and soft faeces were passed, and the
respirations became rapid, noisy, and shallow. In fifteen minutes, the respira-
tions were very laboured and jerking, though still abnormally frequent, and the
tremors had somwhat increased in severity. In a short time, however, the
tremors became less severe and frequent, but at the same time the respiratory
movements became laboured, somewhat shallow, and greatly obstructed by
mucus accumulated in the mouth and larynx, and the cardiac impulse became
infrequent and weak. In ninteen minutes, the respirations consisted merely of
rarely oceurring gasps, the pupils were contracted, and the sensibility of the
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eyeballs had disappeared, while it was only with difficulty that now and again a
cardiac impulse could be detected. The gasping respiratory efforts became
gradually separated from each other by longer and longer intervals, until they
altogether ceased at twenty-two minutes after the commencement of the injec-
tion of physostigmia.

After death, it was ascertained that the weight of the dog was ten pounds
and four ounces.

It is shown by these experiments, that in dogs, as in rabbits, atropia exerts
a powerful counteracting influence to the lethal action of physostigma. It
would have been a matter of surprise had this result not been obtained, for there
was no reason to anticipate that either atropia or phyostigma would act other-
wise than in comformity with the general law, that every active substance
influences the same histological structures in the same way in whatever animal
these structures are present. No doubt the prominence and importance of the
results that are produced by essentially the same action vary somewhat in
different animals; but in judging of the probable existence of an antagonism
between two substances, the prominence or importance of an effect resulting
from any primary action is of secondary moment to the fact of the existence of
the action. Accordingly, if atropia be capable of producing upon one species
of animal an influence of such a nature as to antagonise in it the lethal action of
physostigma, it is difficult to imagine why it should not produce the same
antagonising influence in all animals of equally high development. The mere
fact of there being a difference in the lethal activity of atropia in different
animals, is not sufficient to lead to the supposition that it will not in them
suecessfully counteract the lethal action of physostigma; for the same primary
actions are produced, notwithstanding the differences that may exist in the
lethal activity. Many circumstances of a more or less accidental nature may
modify the lethal activity of poisonous substances, and among these is the
manner in which the substance is administered. In the case of atropia, it
lethal activity in rabbits may be enormously inereased by introducing it directl
into a blood-vessal.

Experinents in which Atropia was injected info a vein and Physostigme
under the skin.—1t seemed therefore of importance to administer atropia by
mjection into a vein, in order to determine whether, when so administered, it
still, notwithstanding the great increase that is thus produced in its lethal
activity, retains the power to counteract the lethal action of physostigma.

ExperiMENT §5-2.——A rabbit, weighing four pounds, was secured by means
of a CzErMAK'S rabbit-holder, and one of the external facial veins was exposed,
and two ligatures were loosely applied to a small portion of it dissected from
its connections. Two grains of extract of physostigma was then administered
to the rabbit by subcutaneous injection.
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Five minutes afterwards, a thirtieth of a grain of sulphate of atropia, dissolved
in 10 minims of distilled water, was injected into the exposed facial vein. The
previously applied ligatures were then carefully secured, and the incision closed
by silkk sutures. On the animal being set free, it was observed that movements
were performed with difficulty.  In seven minutes after the injection of atropia,
the animal lay down on the abdomen and thorax, occasionally mucous sounds
were heard with the respirations, and it was observed that the entire surface of
the animal was affected with fibrillary twitches. In eight minutes, the pupils were
dilated (1§ths x }3ths of aninch), the animal had assumed a normal sitting pos-
ture, and mucous sounds no longer accompanied the respirations. Indeed, with
the exception of great dilatation of the pupils and fibrillary twitches, the rabbit
seemed perfectly well.  In seventeen minutes, however, symptoms of paralysis
again appeared, and wet fieces were passed; while in twenty-three minutes, the
respirations again became accompanied with mucous sounds, and the dilatation
of the pupils somewhat diminished. These symptoms continued, without any
improvement in the condition of the animal, for twenty-six minutes; but in
forty-six minutes after the injection of atropia, the rabbit raised itself with some
difficulty, and went about unsteadily. The pupils now measured 1j5ths x Liths
of an inch, the respirations were laboured and noisy, and often the rabbit went
about in a very excited manner. In one hour and fifteen minutes, a large quan-
tity of urine was voided, and pultaceous freces were passed. It was not until
three hours and ten minutes after the injection of atropia that a nearly normal
condition was assumed, and at this time no symptoms were present except
dilatation of the pupils, and rarely oceurring mucous respiratory sounds.  Ulti-
mately the rabbit recovered perfectly, and it was afterwards subjected to the
action of a lethal though smaller dose of physostigma than that from which it
had thus recovered.

EXPERIMENT §5-D,
the rabbit which had been used in it received, by subcutaneous injection, one

Seven days after the performance of the last experiment,

orain and seven-tenths of extract of physostigma.

Previously to the performance of the injection, it was ascertained that the
weight of the rabbit was four pounds and three ounces ; that the rate, per ten
seconds, of the eardiac contractions was 47, and that of the respirations 29 ;
and that the pupils measured 185ths x Liths of an inch.

After the injection, symptoms of poisoning quickly manifested themselves,
and in seven minutes the rabbit was suffering from well-marked general para-
lysis, the rate per ten seconds of the cardiac contractions was 39, and that of
the respirations 28; while the pupils measured 2§ths x 1iths of aninch. A short
period occurred during which the limbs were extended, and stumbling, excited
movements took place, and then the rabbit fell on the abdomen and thorax,

the respirations became noisy, wet and soft fieces were passed, and tremors
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succeeded each other at short intervals. In twelve minutes, the respirations
were laboured, and at the rate of 15 in ten seconds, the cardiac contractions
oceurred 34 times in ten seconds, and the pupils measured only 19ths x 3;ths
of an inch. The respiratory embarrassment soon became much greater, and
at the same time the general paralysis inereased ; until, in twenty-one minutes,
only laboured, gasping and noisy respirations took place, the rabbit fell over
on the side, the pupils contracted to 4;ths x §iths of an inch, and the cardiac
contractions were weak, and oceurred only 12 times in ten seconds. At
twenty-three minutes after the administration of physostigma, the rabbit was
dead.

This method of administration was followed in the next experiment like-
wise.

ExpeEriMENT 86-a.—Having exposed one of the external facial veins on
the left side of a rabbit, weighing three pounds and two ounces, I injected
under the skin, at the left flank, one grain and three-fifths of extract of
physostigma, mixed with 15 minims of distilled water.

Five minutes afterwards, I injected into the exposed and dissected vein a
forty-fifth of a grain of sulphate of atropia, dissolved in 8 minims of distilled
water. The vein was then ligatured, the wound closed with silk sutures, and
the rabbit set free from the CzErmak’s holder by which it had been secured.

In nine minutes after the injection of sulphate of atropia, the rabbit was
lying on the abdomen and chest, frequent fibrillary twitches were occurring over
the whole surface, the pupils were dilated, and the cardiac action was abnormally
frequent. In twenty-three minutes, it rose and went about, though somewhat
unsteadily. From this time, the general condition of the rabbit steadily im-
proved, until, in one hour and thirty minutes, there were no symptoms present
except pupillary dilatation, abnormal frequency of cardiac action, and slight
fibrillary twitches. During the experiment, there had not been any obvious
increase in the seeretions of the salivary, bronchial, or lachrymal glands ; nor
did defiecation or urination take place until more than two hours and fifteen
minutes after the experiment had been commenced.

EXPERIMENT §6-b.—The rabbit that had formed the subject of the preceding
experiment received, eight days afterwards, one grain and three-tenths of extract
of physostigma, suspended in a few minims of distilled water. At this time the
weight of the rabbit was three pounds and four ounces.

In nine minutes after the injection of the extract, the rabbit was lying on the
abdomen and chest, affected with pretty severe tremors, and breathing some-
what rapidly and noeisily, In fourteen minutes, the pupils were contracted, and
the respirations were laboured and embarrassed by an accumulation in the
mouth of mucus and saliva, while the cardiac contractions were occurring
infrequently. By this time, also, a considerable quantity of soft and pultaceons
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fieces had been passed. In fifteen minutes, the rabbit was lying on the side, and
laboured and infrequent gasping respirations were oceurring.  Soon afterwards,
the sensibility of the conjunctiva disappeared, the cardiac impulses became
extremely weak, and it was only at long intervals that a feeble gasp oceurred.
Death ocenrred at nineteen minutes after the administration of physostigma,

It is shown by these two experiments that in rabbits atropia retains its
remarkable power of counteracting the lethal action of physostizma even when
its toxic activity in these animals is greatly increased.

Experiment with a Preparation of Plysostigma different from that used in
all the other Erperiments—As the preceding experiments were, without excep-
tion, made with extract of physostigma and sulphate of physostigmia prepared
by myself, it seemed not altogether superfluous to check the results that were
obtained, by making some additional experiments with a preparation for whose
activity and properties I was not responsible. Accordingly, several experiments
were made with an extract prepared by Dr Coox, of the well-known firm of
Messrs T, and H. Ssurn. With this extract essentially the same results were
obtained as with the preparations used in all the other experiments. It is,
therefore, unnecessary to give a description of more than one experiment in
which it was employed.

ExperiveNT 87-a.—A rabbit, weighing three pounds and eight ounces,
received, by subcutaneous injection, two grains of Dr Coox’s extract of physo-
stigma, suspended in 40 minims of distilled water. One minute and a half
afterwards, it received, also by subeutaneous injection, half a grain of sulphate
of atropia, dissolved in 10 minims of distilled water.

In three minutes after the injection of sulphate of atropia, the pupils measured
l4ths % 14ths of an inch, the measurement immediately before the experiment
having been 10ths x % ths, In seven minutes, the pupils measured L§ths x L§ths
of an inch, the rate of the heart’s contractions was considerably accelerated,
fibrillary twitches were oceurring, and a little restlessness was present. In
thirteen minutes, this restlessness had become somewhat greater, and the animal
had decided difficulty in moving about.  Soon afterwards the pupils became still
more dilated, and in eichteen minutes they measured !5ths x 17ths of an inch.
In twenty-five minutes, the difficulty in moving about had become greater—
even to such an extent that often the anterior extremities yielded, and the rabbit
fell on the thorax. It appeared also to be in a somewhat excited state, as con-
fused and stumbling movements were frequently made, In fifty-two minutes,
the pupils measured }5iths x }iths of an inch, but no obvious change had
oceurred in the general condition of the animal. In one hour and ten minutes,
however, evidences of recovery were manifested ; the rabbit went about with
but little difficulty, no restless excitement was present, and frequently a per-
fectly normal sitting posture was assumed. Indeed, the only symptom of an
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abnormal condition that was distinetly apparent consisted of frequently oceur-
ring and well-marked fibrillary twitches. From this time the condition of the
animal steadily improved until perfect recovery took place.

ExperiMeNT 87-b.—Nine days afterwards, the rabbit which formed the sub-
ject of the previous part of this experiment received, by subcutaneous injection,
one grain of Dr Cook’s extract of physostigma, suspended in 20 minims of
distilled water. DBefore the injection was made, it was ascertained that the
weight of the rabbit was three pounds and eight ounces and a half, and that the
pupils measured §jths x 19ths of an inch.

Symptoms of poisoning very quickly appeared. In six minutes, the posterior
extremities were trailing, and the anterior considerably extended, and stumbling
movements occurred, while well-marked fibrillary twitches were present. In
eight minutes, saliva was escaping from the mouth in drops, and tremors
frequently oceurred. In eleven minutes, the rabbit was lying on the abdomen
and chest ; several fiecal pellets were passed; the pupils were contracted
(#aths x J5ths of an inch) ; and the respirations were rapid and accompanied with
mucous sounds.  Soon afterwards, the head subsided until the lower jaw rested
on the table; the arching of the back disappeared; the pupils became still
further contracted (;ths x JS;ths of an inch); the cardiac contractions greatly
diminished in frequency and sirength; and the respiratory movements assumed
a gasping character.  Feeble tremors then oceurred, and the head was drawn
backwards ; after which a condition of general flaccidity set in. A few more
feeble gasps oceurred, and then the respivations altogether ceased, at thirteen
minutes and thirty seconds after the commencement of the injection of
physostigma.

In this experiment the power of atropia to counteract the lethal action of
the extract of physostigma prepared by Dr Cook is displayed in a very remark-
able manner.

The second portion of the experiment shows that the lethal activity of this
extract is eonsiderably greater than that of the extract prepared by myself.
Nevertheless, atropia so completely and successfully antagonised the lethal
action, as to prevent the ocenrrence of any symptom of serious import after the
administration of a dose twice as large as that by which death was afterwards
produced in about thirteen minutes.

Summary of the preceding Experiments.— Before passing to the second por-
tion of this research, it may be of advantage to give a brief summary of the
various facts that have been brought forward.

1. It has been shown by a statement of the result of several experiments,
that the minimum lethal dose for rabbits of extract of physostigma is 1-2 grain,
and that of sulphate of physostigmia 0°12 grain, for every three pounds weight
of animal,
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2. The influence that is exerted by atropia upon the lethal action of extract
of physostigma and sulphate of physostigmia has been examined in rabbits, and
a description has been given of several experiments that were performed for
this purpose. The following facts have been stated among the conditions and
results of these experiments :—

ExreriMENT 41-a.—A rabbit, weighing 2 lbs. 15} oz., received -3 grain of
sulphate of atropia; and, five minutes afterwards, 1-2
orain of extract of physosticma. Recovery took place.

41-b.—Ten days afterwards, the same rabbit, now weighing 3 Ibs.,
received 12 grain of extract of physostigma. Death
oceurred in twenty-two minutes.

ExrerivesT 42-a.—A rabbit, weighing 3 lbs. 4 oz., received 0-17 grain of sul-
phate of atropia ; and, five minutes afterwards, 3'9 grains
of extract of physostigma. Recovery took place.

42-b.—Eight days afterwards, the same rabbit, now weighing 3 1bs.
5 oz., received 1-3 grain of extract of physostigma. Death
occurred in thirty-one minutes.

ExverivesTt 43-a.— A rabbit, weighing 3 1bs., received 05 grain of sulphate of
atropia; and, five minutes afterwards, 024 grain of sul-
phate of physostigmia. Recovery took place.

43-b.—Nine days afterwards, the same rabbit, now weighing 3 Ibs.
L oz., received 024 grain of sulphate of physostigmia.
Death ocenrred in nine minutes and fifty seconds,

ExrerivesT 44-b.—A rabbit, weighing 3 lbs. 12 oz, received 0°5 grain of sul-
phate of atropia; and, nearly at the same time, 3 grains
of extract of physostigma. Recovery took place.

44-b.—Nine days afterwards, the same rabbit, now weighing 3 1bs.
12} oz, received 1'5 grain of extract of physostigma.
TDreath oceurred in fifty-four minutes.

ExreErivENT 45-a.— A rabbit, weighing 2 lbs. 8 oz., received 05 grain of sul-
phate of atropia ; and, nearly at the same time, 1 grain of
extract of physostigma. Recovery took place.

45-b.—Thirteen days afterwards, the same rabbit, now weighing
2 1bs. 9 oz, received 1 grain of extract of physostigma.
Death occurred in eighteen minutes.

ExperiMENT 46-a.— A rabbit, weighing 3 lbs. 2 oz, received 25 grains of
extract of physostigma ; and, five minutes afterwards, 0°5
grain of sulphate of atropia. Recovery took place.

46 b.—Eleven days afterwards, the same rabbit, now weighing 3 Ibs.
23 oz, received 25 grains of extract of physostigma.
Death occurred in eleven minutes and thirty seconds.

-
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ExpERIMENT 47-a.— A rabbhit, weighing 3 lbs. 114 oz., received 2 grains of
extract of physostigma; and, eight minutes and thirty
seconds afterwards, 0°5 grain of sulphate of atropia. Re-
covery took place.

Four days afterwards, the same rabbit, now weighing 3 Ibs,

8 0z., received 1'5 grain of extract of physostigma. Death

occurred in fifteen minutes and thirty seconds.

A rabbit, weighing 2 lbs. 14 oz, received 15 grain of

extract of physostigma ; and, ten minutes and thirty

seconds afterwards, 0-5 grain of sulphate of atropia. Ie-
eovery took place.
48-b.—Twelve days afterwards, the same rabbit, now weighing
3 Ibs. 1 oz., received 1-2 grain of extract of physostigma.
Death occurred in thirty minutes,

ExpPeriMENT 49-a.—A rabbit, weighing 3 1hs. 3 oz, received 1-5 grain of extract
of physostigma ; and, ten minutes and thirty seconds after-
wards, 0°5 grain of sulphate of atropia. Recovery took
place.

49-b.—Nine days afterwards, the same rabbit, now weighing 3 1bs.
5 oz., received 1'3 grain of extract of physostigma. Death
oceurred in forty-six minutes and ten seconds.

ExperIMENT §0-a.— A rabbit, weighing 3 1hs. 10 oz., received 0°18 grain of sul-
phate of physostigmia; and, fifteen minutes and ten
seconds afterwards, 0-7 grain of sulphate of atropia. Re-
covery took place,

50-b.—Nine days afterwards, the same rabbit, now weighing 3 Ibs.
104 oz, received 0-18 grain of sulphate of physostigmia.
Death ocewrred in sixteen minutes.

ExperIMENT 81-a.—A rabbit, weighing 3 Ibs. 8 oz., received 0-17 grain of sul-
phate of physostigmia; and, twenty-nine minutes after-
wards, 05 grain of sulphate of atropia. Recovery took
place.

51-b.—Eight days afterwards, the same rabbit, now weighing 3 1bs.

47-b.

ExpEriMENT 48-a.

5% oz., received (13 grain of sulphate of physostigmia.
Death oceurred in twenty-four minutes.

3. Several experiments have heen deseribed, in which the influence exerted
by atropia upon the lethal action of extract of physostioma and sulphate of
physostigmia was examined in dogs also. The following facts were stated
among the conditions and results of these experiments :—
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ExrerIMENT 62-a.—A dog, weighing 11 Ibs,, received 0°15 grain of sulphate of

' atropia, and, five minutes afterwards, 0-9 grain of sulphate

of physostigmia. Recovery took place.

Ten days afterwards, the same dog, now weighing 11 Ibs.

4 oz., received 03 grain of sulphate of physostigmia.

Death occurred in seventeen minutes.

ExpERIMENT §3-a.—A dog, weighing 10 1bs., received 8 grains of sulphate of
atropia, and, immediately afterwards, 3 grains of extract
of physostigma. Recovery took place.

52-b.

53-b.

Three weeks afterwards, the same dog, now weighing
10 1bs. 2 oz., received 8 grains of sulphate of atropia,
and, immediately afterwards, 6 grains of extract of physo-
stigma. Recovery took place.

Fifteen days after the second experiment, the same dog,
now weighing 10 lbs. 1 oz., received 3 grains of extract of
physostigma. Death occurred in seventeen minutes.

EXPERIMENT 94-a.—A dog, weighing 10 lbs. 3 oz., received 0-6 grain of sul-

phate of physostigmia, and, five minutes afterwards, 03
grain of sulphate of atropia. Recovery took place.
54-b.—Nineteen days afterwards, the same dog, now weighing

a3-c.

10 Ibs. 4 oz, received 03 grain of sulphate of physo-
sticmia.  Death occurred in twenty minutes.

Although these experiments clearly demonstrate that atropia is able to
counteract the lethal action of physostigma in rabbits and dogs, it is possible to
suppose that it will not do so in other animals of equally high development.
Some support is given to this surmise by evidence tending to show that the
action of atropia in certain animals is different from its action in others. The
only difference, however, that is known to exist, is in the lethal activity of the
substance, relatively to certain animals; and in rabbits and dogs, this lethal
activity is less than in several other animals. Accordingly, if the lethal activity
of atropia for rabbits and dogs be increased, and if, notwithstanding this
increase, suceessful antagonism be still produced in them, the only reason for
supposing that suceessful antagonism will not be produced in certain other
animals will be shown to be an insufficient one. For any given species of
animal, the lethal activity of atropia may be modified by the method of ad-
ministration, and it is very much greater when this substance is directly
mtroduced into the blood-stream, than when it is injected wunder the
skin.

4. The influence exerted on the lethal action of physostigma by atropia
imjected directly into the blood-stream, was examined by experiments on rabbits.
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The following facts were stated among the conditions and results of these ex-
periments :—

ExperiMENT §5-a.—A rabhit, weighing 4 lbs., received 2 grains of extract of
physostigma; and, five minutes afterwards, 0°03 grain of
sulphate of atropia by injection into a facial vein. Re-
covery took place.

55-b.—Seven days afterwards, the same rabbit, now weighing 4 1bs.
3 0z., received 1°7 grain of extract of physostigma. Death
occurred in twenty-three minutes.

ExperiMeENT 56-a.—A rabbit, weighing 3 1bs. 2 oz, received 1'6 grain of ex-

tract of physosticma, and, five minutes afterwards, 0402

grain of sulphate of atropia by injection into a facial vein.

Recovery took place.

Eight days afterwards, the same rabbit, now weighing 3 Ibs.

4 oz., received 1-3 grain of extract of physostigma. Death

occurred in nineteen minutes.

a6-b.

5. An experiment was deseribed, which had been undertaken to determine
whether a preparation of physostigma, different from that used in any of the other
experiments of this research, has its lethal action counteracted by sulphate of
atropia. The following facts were stated among the conditions and results of
this experiment :—

EXPERIMENT 87-a.—A rabbit, weighing 3 Ibs. 8 oz., received 2 grains of ex
tract of physostigma, prepared by Dr Cook; and, one
minute and thirty seconds afterwards, 0-5 grain of sul-
phate of atropia. Recovery took place,

87-b.— Nine days afterwards, the same rabbit, now weighing 3 1bs.
81 0z, received 1 grain of extract of physostigma, prepared
by Dr Cook.  Death oceurred in thirteen minutes and
thirty seconds.

These various experiments prove so clearly that atropia is able to counter-
act the lethal action of physostigma, as to be of themselves sufficient for the
purposes of this section. Their evidence may, however, be largely added to
from the very numerous experiments that were necessarily performed in the
second portion of this research.
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Secrion B—DETERMINATION OF THE EXTENT OF THE COUNTERACTING
INFLUENCE OF ATROPIA UPON THE LETHAL ACTION OF PHYSOSTIGMA.

In the “ preliminary note ™ which 1 communicated to this Society, on the
antagonism between physostigma and atropia, the opinion was expressed, that
as this antagonism is ““ concerned with two substances, each of which possesses
a number of actions, it is not unreasonable to anticipate that several of them are
not mutually antagonistic,” and that “above certain doses, a region may, there-
fore, be entered where the non-antagonised actions are present in sufficient
degrees to be themselves able to produce fatal results.”* Besides this con-
sideration, there are others derived from our knowledge of the physiological
action of physostigma, which render it probable that such a region exists.

Certain of the actions of the two substances are of a similar nature. When
a dose not much above the minimum-lethal of the one is counteracted by a
small dose of the other, the similar actions are not produced in sufficient
intensity to become, even in combination, important toxic actions. When,
however, a dose considerably above the minimum lethal of the one substance
is given along with a large dose of the other, the similar actions may be
produced in such intensity as to assume the importance of lethal actions,

Further, with regard to the counteracting actions themselves, it is to be
observed that various of the facts mentioned in the record of experiments
that is given in the preceding section tend to make mutual antagonism
probable, not only of one but of several of the actions of physostigma and
atropia ; and it is legitimate to suppose, that with a given dose of physostigma,
the counteraction produced by a certain amount of atropia will be more perfect
in the case of one or more of the antagonistic actions than in that of others, and
that with certain doses of the two substances such incompleteness of counter-
action may exist as would, even without the occurrence of nor-antagonised
action, suffice for the production of death.

Guided by these considerations, I anticipated that the counteracting influence
of atropia upon the lethal action of physostigma is successfully exerted only
within a definite range of doses, and that this range may be determined by
experimental research. The somewhat laborious task of making this deter-
mination has been undertaken because it seemed likely that results would
thereby be obtained of the greatest interest and novelty, in connection not
only with this special instance of counteraction, but also with the general
subject of physiological antagonism and its important and direct bearing
on the principles of therapeutics.

* Loe. cit., p. 580,
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In order to define the limits of the counteracting influence of atropia upon
the lethal action of physostigma, three series of experiments were made.

The chief objects of the two first of these were to ascertain the maximum
dose of physostigma that can be suecessfully antagonised by atropia, and the
range of doses of atropia that can successfully antagonise lethal doses of
physostigma. In each series, a constant interval of time was maintained
between the administration of the two substances; but in the first, atropia was
administered five minutes before physostigma, while in the second, physostigma
was administered five minutes before atropia. These intervals of time were
selected in preference to simultancous administration becaunse, practically, it is
impossible for one experimenter to inject the two substances into different
regions exactly at the same moment, and further, because it seemed probable
that a difference would be found to exist in the counteracting power of atropia
according as it is given before or after physosticma. In both of these series,
experiments were made, in the first place, with the minimum-lethal dose of
physostigma, and in combination with it, various doses of atropia were
administered, ranging from one that was too small to prevent the lethal action,
throngh a number that were able to prevent death, until a dose was found
whose administration resulted in death. Similar experiments were made with
a dose of physostigma one and a half times as large as the minimume-lethal,
then with one twice as large as the minimum-lethal, and so on, at the same rate
of progression, until a dose of physostigma was reached that was too large to
be suceesstully antagonised by any dose of atropia.

The chief object of the third series of experiments was to ascertain within
what limits of time between the administration of the two substances successful
antagonism occurs.  In the experiments of this series, a constant dose of physo-
stigma was given along with various doses of atropia, and with each dose of
atropia several experiments were made which differed from each other by a
difference in the interval of time between the administration of the two
substances.  On this plan two sets of experiments were performed, in one of
which atropia was given before physostigma, and in the other of which it was
given after; and subsequently these two sets of experiments were connected
together by a third, in which atropia, in various doses, was administered nearly
simultaneously with the same dose of physostigma as was given in the two
other sets of experiments.

All the experiments of this portion of the research were performed on
rabbits. In the great majority of the experiments, the weight of the animal
was about three pounds, but when it was below or in excess of this, the doses
of the substances administered were caleulated for three pounds weight of
animal.

In the description that will now be given of these experiments, the doses
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per three pounds weight of rabbit will alone be mentioned. For further details,
and more especially for the actual doses, the weight of the animals, and the
chief symptoms, I must refer to the Tabular Summary at the end of the
paper.

1. DETERMINATION OF THE LIMITS OF ANTAGONISM WHEN ATROPIA IS

ADMINISTERED Five MINUTES BEFORE PHYSOSTIGMA.

In this series of experiments, physostigma was administered in the form of
It has already been shown that the minimum lethal dose of this

extract.
preparation is 1°2 grain per three pounds weight of rabbit.

Eaxperiments with the Mintmuwm-Lethal Dose of Physostigma.—In accordance
with the plan which has heen indicated, the first experiments of the series were
made to determine what doses of atropia can prevent the fatal action of the
minimum-lethal dose of physostigma. In the experiments performed for this
purpose,® the following results were obtained :—

ExperiMENT T1.+—With 0-005 grain of sulphate of atropia, death occurred.

UXPERIMENT 72-a. 0009 o recovery ,,

ExpErIMENT T3-4. ., 0015 5 3 recovery ,,
ExrerIiMENT 74-2. ,, 002 B » recovery ,,
ExrEriMENT 76-a. ,, 0025 i ¥ recovery .,
ExpERIMENT T6-2. ,, 0051 = ) recovery ,,
EXPERIMENT 77-2. ,, 005 s _., recovery ,,
ExpErRIMENT 41-a.F ,, 03 = recovery ,,
EXPERIMENT 78-a. ,, 092 i kA recovery ,,
EXPERIMENT T9-a. |, 2- grains = recovery ,,
ExpPErIMENT 80-3. ,, 3 i v recovery ,,
ExperivENT 812, ,, 43 5 recovery ,,
EXPERIMENT 82-3. ,, 5 2 recovery ,,
ExPERIMENT 83-a, ,, 52 - n recovery ,, 4
ExpEriMENT 84, o 03 & s death - "
ExreEriMENT 85, e 158 - i death o
ExpeErIMENT 86. >4 ] death P
ExPERIMENT 87. s abieh ; death =

* Tabular Suwmmary, Seriez 1, Table 2.

+ Except in two cases, the numbers of these experiments have reference to_the arrangement that
has been followed in the Tabular Summary at the end of the paper, where the leading facts connected
with all the experiments belonging to this Seetion ofthe research are ml:‘nflium'll. i

+ A full deseription of the experiment has already been given in Section A. (see p. 544).
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It is shown by this brief statement of the experiments with the minimum-
lethal dose of physostigma, that while one two-hundredth of a grain of sulphate
of atropia is a dose insufficient to prevent death, nine one-thousandths of a
grain is one sufficiently large to do so; that any dose of sulphate of atropia
ranging within the wide limits extending from the nine one-thousandths of a
grain to five grains and one fifth is able to prevent the fatal effect of this
dose of physostigma ; and that if the dose of sulphate of atropia amount to
five grains and three-tenths, the region of successful antagonism is left, and
death occurrs,

Experiments with One and a half times the Minimum-Lethal Dose of Physo-
stigma.—1In the next place, experiments were made to determine what doses of
atropia are able successfully to counteract a dose of physostigma one and a half
times as large as the minimum-lethal.® The following results were obtained -

Exreriment 88.—With 0-014 grain of sulphate of atropia, death oceurred.

ExpPERIMENRT 89, o 0015 " . death
ExpeEriMENT 90-2. ,, 002 % & recovery
ExpEriMesT 91 s 0702 o . death a
ExpeErRIMENT 92-2. ,, 002 ” ‘. recovery .,
ExpERIMENT 93-a. ,, 003 o 5 recovery .,
ExpErRIMENT 94-2. ,, 005 s A recovery ,,
Exrerimest 95-2. ,, 005 : 5 recovery ,,
EXPERIMENT 96-2. ,, 15 recovery ..
EXPERIMENT 97-2. ,, & grains = recovery ,,
ExXPERIMENT 98-a. ,, 26 " - recovery ,,
ExXrERIMENT 99-a. ,, 33 2 recovery
Exrermvext 100-a. |, 41 = i recovery ,,
Exrerimext 101, N - - - death il

From these experiments, it appears that while three two-hundredths of «
grain of sulphate of atropia is a dose too small to prevent the occmrrence of
death after a dose of physostigma one and a half times as large as the minimum
lethal, one-fiftieth of a grain is a dose sufliciently large to do so: that doses ot
sulphate of atropia ranging from one-fiftieth of a grain to four grains and one-
tenth are able successfully to counteract this dose of physostigma ; and that
death oceurs when the dose of sulphate of atropia is so large as four erains and
three-tenths. In the presence of various causes of fallacy, which cannot alto-
gether be obviated, it is not surprising that results of an exceptional character
should occasionally be obtained. The occurrence of death in Experiment
91, where the dose of sulphate of atropia is one-fiftieth of a grain, may legiti-

* Tabular Swimmary, Series 1, Table 3.
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mately be placed among these exceptional results. Several others will after-

wards be noted.
Experiments with Twice the Minimum-Lethal Dose of Physostigma.—When

atropia was administered five minutes before a dose of physostigma twice as
large as the minimum-lethal, the following results were obtained .—*

ExpeEriMeNnT 102,—With 0-19 grain of sulphate of atropia, death oceurred.

CXPERIMENT 103. ., 002 5 - death i
ExrerivexT 104, I | 5§ - . death ¢
CXPERIMENT 106. . 0021 i 2 death s
ExperiMesT 106-a. |, 0025 2 & recovery .,
ExpErivMeEsT 107, o 003 & - death 2
ExrErivesT 108-a. ,, 004 . & recovery ,,
LXPERIMENT 109-a. ,, 005 i ot recovery ,,
ExrerimMest 110-3. |, 03 = 3 recovery ,,
ExpERIMENT I11-2. ,, 1° . i recovery ,,
(XPERIMENT 112-a, , 2 grains & recovery ,,
EXPERIMENT 118-2. ,, 2-3 5 - recovery ,,
ExperiMENT l14-2. ,, 3 3 s recovery ,,
ExreriMeEsT 115-2. ,, 32 i ¥ Tecovery ,,
ExrerimesT 116. 4 bia 2 ,. death -
CXPERIMENT 117, S L 2 death »

Ome-fiftieth of a grain of sulphate of atropia is therefore too small a
guantity to prevent death from following the administration of a dose of
physostigma twice as large as the minimum-lethal, but one-fortieth of a grain
is sufficient to do so; and doses ranging from one-fortieth of a grain to three
crains and a fifth can successfully antagonise this dose of physostigma.
When, however, a dose larger than three grains and a fifth is administered,
death oceurs. Experiment 107 is another instance of an exceptional result
being produced. By referring to the description of this experiment in the
Tabular Summary, it will be seen that soon after physosticma had been
administered, the rabbit became excited and ran about and struggled ener-
cetically.  Such movements and strugeles appear greatly to favour the. toxic
action of physostigma ; and it has already been pointed out that when they
occur, the minimum-lethal dose of physostigma is appreciably lessened.

Frperiments with Two and a half times the Minimum-Lethal Dose of Phy-
sostigma.— When two and a half times the minimum-lethal dose of physostigma
was administered, the following results were obtained —+

* Tabular Summary, Series 1, Table 4. t Ibid., Table 5.
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ExpeEriMENT 118, —With 0-011 grain of sulphate of atropia, death oceurred.

ExpErmMENT 119, 00187 o o death &
ExXPERIMENT 120, »  0r025 " , death .
ExpERIMENT 121-2, ,, 0025 n s recovery ,,
ExrEriMENT 122-2. ,, 0027 i 3 recovery ,,
ExprErIMENT 123-a2. ,, 0028 ., o recovery ,,
ExpEriMENT 124-2. |, 0034 & " recovery ,,
ExpeEriMENT 125-a. |, 00375 i recovery |

ExperiMENT 126-2. ,, 005 o i recovery
ExperivMENT 127-2. |, 0088 . . recovery |,
ExpErRIMENT 128-a. ,, 043 o2 e recovery ,,
ExperiMEST 129-a. || 044 . . recovery ,,
Exeerivest 130-a. | 1 2 s recovery ,,
ExpErRIMENT 1312, | 12 . ., recovery ,,
ExperivMeENT 182-2. |, 125 , - recovery
ExpveriMENT 183-2, |, 163 i i recovery ,,
ExpPERIMENT 134-2. ,, 2- i - recovery ,,
ExrerivexnT 135, = ok = ” death P
ExperivesT 136-a. |, 22 " i recovery
ExperivesT 1837, ,, 23 - . death =
ExrErmEexT 188,  ,, 26 " ‘i death =
ExreErmaext 139, ,, 266 - - death i

The smallest dose of sulphate of atropia that can prevent the occurrence of
death after the administration of two and a half times the minimume-lethal dose
of physostigma is thus seen to be about one-fortieth of a grain; and it is
remarkable that this is also the smallest dose that can prevent the occurrence
of death after twice the minimum-lethal dose of physostigma. The experiments
likewise show that doses of sulphate of atropia ranging from one-fortieth of a
grain to two grains and a fifth are able to prevent the fatal action of two and
a half times the minimum-lethal dose of physostigma ; and that death oceurs
if the dose of atropia amount to two grains and three-tenths. In Experiment
135, death occurred with two grains of sulphate of atropia: but I am inclined
to look upon this result as exceptional; for in the previous experiment the
same dose was followed by recovery, and in the su]_ﬂeqllvnt experiment the
larger dose of two grains and a fifth was likewise followed by recovery.  Death
was probably due to some accidental peculiarity in the condition of the rabbit,
by which the general vigour was depreciated.

Experiments with Three times the Mintmum-Lethal Dose of Physostigma.—
When atropia was administered five minutes before a dose of physostigma
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three times as large as the minimum-lethal, the following results were
obtained :—*

ExperIMENT 140.—With 0043 grain of sulphate of atropia, death oceurred.

ExperimeNT 141, 0005 - 3 death -
ExpERIMENT 142-2, ,, 006 o 5 recovery ,,
ExpPERIMENT 143-a. .. 0076 e - recovery ,,
ExpERIMENT 144-a, ,, 0088 s s recovery ,,
ExpErIMENT 42a.t ,, 016 = 5 recovery ,,
ExpeEriMENT 145-a, |, 05 " o recovery .,
ExpErIMENT 146-2, ,, 1- = = recovery ,,
EXPERIMENT 147-a. , 12 = - recovery ,,
ExreEriMENT 148, e [ - ,1 death g
ExrErmvesT 149. e o i death o
ExrerivexnT 150. S ! . death -

These experiments show that while one-twentieth of a grain of sulphate of
atropia is insuflicient to prevent the occurrence of death after the administra-
tion of three times the minimum-lethal dose of physostigma, three-fiftieths of a
crain is sufficient to do so. They likewise show that the lethal action of this
dose of physostigma may be prevented by any dose of sulphate of atropia
from three-fiftieths of a grain to one grain and a fifth; but that if the latter
dose be exceeded, the region of successful antagonism is left and death oceurs.

Experiments with Three and a half times the Minimuwmn-Lethal Dose of Physo-
stigma.—When the dose of physostigma was three and a half times the minimum
lethal, the following results were obtained :—f

ExpPERIMENT 161.—With 0-044 grain of sulphate of atropia, death occurred.

ExpPERIMENT 152, ,» 0071 i e death o
ExpErRIMENT 183.§ SR | i | s recovery ,,
ExpeEriMENT 164-2. ,, (2 o " recovery ,,
ExrEriMENT 168. o0 £ - death 5
ExXPERIMENT 156. o D - = death -
ExpeEriMeNT 157, L I 4 - death o

Accordingly, when the dose of physostigma is so large as three and a half
times the minimum-lethal, the range of doses of atropia that can prevent death
is a very limited one, extending only from one-tenth to one-fifth of a grain.

* Tabular Summary, Series 1, Table 6.

t A full description of this experiment has already been given in Section A. (see p. 546).

: Tabular Summary, Series 1, Table 7,

§ Five days after this experiment, the rabbit became weak and langumid ; from that time it
gradually lost weight and condition ; and on the twentieth day, it died. The usual experiment with
a dose of physostigma alone could not, therefore, be made.
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It has occasionally happened, especially when the subject of the experiment
was a young animal, that the atropia effects were unusually slight. If the
description in the Tabular Summary of Experiment 152 be compared with that
of other experiments in which the same relative dose of atropia was ad-
ministered, it will be observed that the action of atropia was not developed
with its usual prominence, and that, consequently, the physostigma action was
only feebly counteracted.

Experiments with Fouwr times the Minimum-Lethal Dose of Physostigma -
When atropia was administered five minutes before a dose of physostigma
equivalent to four times the minimum-lethal dose, the following results were
obtained .—*

ExrErmvENT 158.

With 0-1 grain of sulphate of atropia, death oceurred.

ExreErimMenT 159. . 01lh x5 s death e
Exreriment 160, . 072 . " death
ExrERIMENT 161, . 02 2 y death
ExprERIMENT 162. s g - & death

It was unneeessary to proceed further with these experiments, as it had been
rendered obvious by those previously made, that the lethal action of this large
dose of physostigma cannot be prevented by atropia, if a dose of this substance
between one-tenth and one-fifth of a grain be unable to do so.

It has, accordingly, been shown that the maximum dose of physostigma
which can be rendered non-fatal by atropia administered five minutes pre
viously is three and a half times the minimum-lethal dose. It has also been
shown that the range of doses of atropia capable of preventing death after the
administration of lethal doses of physostigma diminishes as the quantity of
physostigma increases.

When these experiments are represented in a diagrammatic form, the results
that have been obtained may be clearly and readily appreciated. A simple
plan on which to construct a diagram is obviously suggested by the arrange-
ment that has been followed in the description of the experiments. Dy placing
symbolic representations of the results of the experiments performed with
each lethal dose of physostigma in horizontal lines, and by arranging these
lines so that the doses of physostigma shall succeed each other in regular
sequence and at proper intervals, we may obtain a picture which graphically
represents the various results that have been mentioned.

Diagram 1 (Plate XXII1.) illustrates the experiments described above, in
which atropia was administered five minutes before lethal doses of physostigma.
The experiments that terminated in death are represented by crosses, and those

* Tabular Summary, Series 1, Table 8.
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that terminated in recovery by dots, while the position assigned to each experi-
ment is determined by the doses of physostigma and atropia which were ad-
ministered. The doses of atropia are represented by the distance, in a
horizontal direction, from the perpendicular line forming the left margin of the
dingram, and increase at the rate of one-tenth of a grain for every two sub-
divisions of the horizontal lines. The doses of physostigma inerease from
helow upwards,—the minimum-lethal dose being represented by the red hori-
zontal line, a dose one and a half times as large as the minimum-lethal by the
black horizontal line immediately above the red line, a dose twice as large as
the minimum-lethal by the second black horizontal line, and so on until a line
is reached at the top of the diagram, which represents a dose of physostigma
four times as large as the minimum-lethal. The curved line, @ b e, separates
the fatal experiments (crosses) from those which terminated in recovery (dots) ;
and, accordingly, the blue space on the one side of it represents a region in
which death always oceurs, and the pink space on the other side a region in
which recovery oceurs. The doses that were given in any experiment within
each of these regions are readily ascertained from the position of the experi-
ment ; the dose of physostigma being determined by the horizontal line on
which the symbolic representation of the experiment is placed, and that of
atropia by the exact spot in the horizontal line which is occupied by the repre-
sentation.

With these explanations, the results of the experiments will be rendered
apparent by a mere glance at the diagram. It may again be pointed out that
the more obvious of these results are, that the maximum dose of physostigma
which can be rendered non-lethal by atropia administered five minutes pre-
viously is about three and a half times the minimum-lethal dose, and that the
range of the doses of atropia which are able to render non-fatal various other-
wise fatal doses of physostigma, diminishes as the dose of physostigma increases,
The general nature of these results is well illustrated in the diagram by the
triangular form of the pink region of recovery after lethal doses of physostigma
(2 b ¢), of which the apex indicates the maximum antagonisable dose of physo-
stigma, and the gradual increase in breadth from the apex to the red horizontal
line, the gradual increase in the range of doses of atropia that can prevent the
lethal effect of doses of physostigma diminishing from three and a half times
the minimum-lethal to the minimum-lethal.

In this diagram, the pink region, and the curved line, @ 0 ¢, have been ex-
tended below the red line representing the minimume-lethal dose of physostigma,
and therefore into a space where the doses of physostigma are too small of
themselves to cause death. The lateral extension of the diagram, however, is
insullicient to exhibit the chief interest of this space ; but it will be pointed out
in the description of the next and only remaining group of experiments con-
nected with the present series.
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Experiments with half the M intmnin-Lethal Dose of Physostigima.—The con-
siderations which led me to anticipate that the counteracting influence of atropia
upon the lethal action of physostigma is successfully exerted only within a
definite range of doses, and that death may be produced when a lethal dose
of physostigma, which is capable of being rendered non-lethal by atropia, is
siven in combination with a somewhat large non-lethal dose of atropia, also
led me to anticipate that death may be produced by the combined adminis-
tration of non-lethal doses of the two substances. Experiments were accord-
ingly made,* in which half the minimum-lethal dose of physostigma was adminis-
tered five minutes after various doses of atropia with the following results :

Expermvent 88.—With 53 grains of sulphate of atropia, recovery occurred.

ExreEriMENT 59. + O16 o i recovery 2
ExrernesT 60. y 62 2 s recovery .,
ExXPERIMENT 61 , 03 i % recovery
IXPERIMENT 62, s Oh i i recovery "
ExrERIMENT 63. ol . " Fecovery s
ExpErRIMENT 64. e i i recovery F
ExrermexT 65. , B8 " | recovery "
ExrerimexTt 66. . L 5 i recovery -
ExrERIMENT 67. N ' 1 " L recovery ”
ExrerimvesT 68, . 98 ! . death -
ExrErIMENT 69. . 10r i - death -
ExpreErimexT 70. o 105 " i death

LA

It is shown by these experiments that when sulphate of atropia is adminis-
tered five minutes before half the minimum-lethal dose of physostigma, death
oceurs if the dose of the former substance be nine grains and four-fifths, or more.
This result appears a very remarkable one, when it is considered that a very
decided counteraction is exerted by much smaller doses of atropia against the
poisonous action of doses of physostigma greatly in excess of the minimum-
lethal, and that the minimum-lethal dose of sulphate of atropia is about twenty-
one grains,  It, however, merely confirms a legitimate anticipation when certain
of the results of the experiments with lethal doses of physostigma are borne in
mind.  Actions essentially the same as those that are produced in excessive
amount when the administration of five grains and three-tenths of sulphate of
atropia along with the minimum-lethal dose of physostigma is followed by death,
also become excessive after the administration of nine grains and four-fifths
of sulphate of atropia along with half the minimum-lethal dose of physostizma.,
The result may be simply explained by supposing some action or aetions of
both physostigma and atropia wherein there is no mutual counteraction.

* Tabular Summary, Series i. Table 1.
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The effects that are produced by a combination of half the minimum-lethal
dose of physostigma with sufficiently varied doses of atropia being thus
determined, the entire regions of recovery and of death in the series of experi-
ments in which atropia was administered five minutes before physostigma may
now be considered.

This series is completely represented in Diagram 5 (Plate XXIV.), which
has been constructed on the same plan as Diagram 1, from which, however, it
differs in so far that the inerease in the doses of atropia, represented by the
distance in a horizontal direction from the perpendicular line forming the left
margin of the diagram, proceeds at the rate of one-tenth of a grain for every
subdivision of the horizontal lines, in place of for every two subdivisions. This
modification was required to curtail the lateral extension of the diagram, so as
to retain it within convenient limits.

The area covered by the diagram includes every possible dose of physo-
stigma from the minutest fraction of the minimum-lethal dose to one four
times as large as the minimum-lethal, and every possible dose of atropia below
the minimum-lethal.  In the previous section of this paper, a series of experi-
ments was described which rendered it probable that the minimum-lethal dose of
atropia for rabbits is about twenty-one grains for every three pounds weight
of animal ; and I have specially indicated the position of this dose by a red
perpendicular line, which will be seen near the right margin of the diagram.

In the diagram, the region of recovery (pink) appears to be a very
restricted one when contrasted with the region of death (blue); and it is
almost unnecessary to point out that this velation may be greatly exaggerated
by enlarging the diagram so as to include within it a portion of the almost
unlimited area in which death occurs after combinations of physostigma and
atropia unrepresented in the present diagram. As the region of recovery after
lethal doses of physostigma oceupies only that portion of the pink space which
extends above the red horizontal line, the area that it occupies appears almost
insignificantly small.  Seeing, however, that a dose of physosticma three and
a half times as large as the minimum-lethal is included within this region, its
insignificance in relation to the entire region of death becomes of but little
importance, when the interesting fact of the counteraction of so enormous a
dose 13 realised,

The diagram very clearly displays the singular result, that death may follow
the administration of physostigma and atropia in doses both below the mini-
mum-lethal. The combinations that are able to produce this result are included
within the blue space below the red horizontal line. The direction of the
line separating this space from the subjacent area of recovery (pink) is
much more horizontal than that of the line separating the region of death from
that of recovery after lethal doses of physostigma. The change of direction
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occurs somewhat abruptly at the intersection of the red horizontal line, repre-
senting the minimum-lethal dose of physostigma; and it very graphically
represents some of the results to which attention has been drawn in the
deseription of the experiments. It was shown by these experiments, that when
physostigma is administered in lethal doses, the range of the doses of atropia that
are able to produce successful counteraction increases by about one grain for
each successive decrease by half the minimum-lethal dose in the dose of physo-
stigma. When, however, physostigma is administered in a dose equivalent only
to half the minimum-lethal, the range of doses of atropia that may be given with-
out the oceurrence of death is increased beyond the range for the minimume-lethal
dose, not hy one grain only, but by four grains and three-tenths.  Accordingly,
while in the region where the doses of physostigma are lethal, the line separating
the area of death from that of recovery possesses a direction which indicates
an increase of one grain of sulphate of atropia for each decrease by half the
minimum-lethal dose in the quantity of physostigma, in the region where the
dose of physostigma is less than lethal, it possesses a direction which indicates
an increase of about four grains and a half of sulphate of atropia for each
decrease by half the minimum-lethal dose in the quantity of physostigma,

I1. DETERMINATION OF THE LIMITS 0F ANTAGONISM WHEN ATROPIA 1S

ADMINISTERED FIVE MINUTES AFTER PHYSOSTIGMA.

The second series of experiments was undertaken to determine the limits of
successful antagonism when atropia is administered five minutes after physo-
stigma. In the experiments of this series, physostigma was administered in
the form of sulphate of the active principle; of which preparation it has already
been shown that the minimum-lethal dose is about 0-12 grain per three pounds
weight of rabbit. As this dose is the one-tenth of the minimum-lethal dose of
extract of physostigma, the experiments of the first series may readily be com-
pared with those of the present.

Experiments with the Minimum-Lethal Dose of Physostigma.—When the
minimum-lethal dose of sulphate of physostignia was administered five minutes
before various doses of sulphate of atropia, the results were as follows - —#

ExperiveNT 168.—With 0°01 grain of sulphate of atropia, death occurred,

ExpreriMENT 169. ., 0015 " " death o
ExpErRIMENT 170-32. ,, 002 . " recovery
ExreriMest 1712, ,, 005 & i recovery
ExpErmvENT 172-3.  ,, (-1 v . recovery ,,
ExpERiMENT 178-2, ,, 02 2 = recovery

* Tabular Swmmary, Series ii. Table 2.
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{XPERIMENT 174-a.

With 0°5 erain of sulphate of atropia recovery ocenrred.
tr )

CXPERIMENT 1756-a. L i 5 recovery ,,
CXPERIMENT 176-a. s 2 grams 0 recovery ,,
ExreErivMENT 177-a. ey - recovery ,,
ExpERIMENT 178-a. ke = = recovery
ExpErIMENT 179, PR a i death "
ExrErRIMENT 180, L Sy ) i death .
ExpreErivesT 181 S = . death =
LXPERIMENT 182. D o L death

Exrerivext 183. G B i : death :
Exrerivent 184, S . " death :

Accordingly, if sulphate of atropia be administered five minutes after the
minimum-lethal dose of physostigma, death occurs when the dose of sulphate
of atropia is not more than three two-hundredths of a grain, recovery when
the dose is from one fiftieth of a grain to two grains and a half, and death again
when the dose is larger than two grains and a half. The range of the doses of
atropia that can prevent the lethal effect of this quantity of physostigma is,
therefore, considerably less when physostigma is administered five minutes
before atropia, than when it is administered five minutes after it; and it will
be observed that there is a like difference between the results in all the other
corresponding groups of experiments in the two series.

Experiments with One and a half times the Minimwm-Lethal Dose of Physo-
stigama.—In the next instance, the limits of successful antagonism were deter-
mined in the case of a dose of physostigma one and a half times as large as the
minimum-lethal ;—*

FxperiMENT 185, —With 003 grain of sulphate of atropia, death occurred.

ExreriMeNT 186-a. ,, 005 - i recovery
ExpErIvENT 187-a. ,, 01 4 i recovery
ExrerimesT 188-a. ,, 02 - 5 recovery ,,
ExrERIMENT 189-2. ,, 03 i i recovery ,,
ExpreEriMexT 190-a. ,, 04 i - recovery ,,
CXPERIMENT 191-a. ,, 05 25 % recovery ,,
ExpErIMENT 192-2. ,, 07 5 - recovery
ExpPERIMENT 1983-2. ,, 12 L recovery ,,
EXPERIMENT 194-a. ,, 15 at 2 recovery
ExpEriMENT 196-a. ,, 20 grains - recovery
ExpErRIMENT 196-a. , 21 k recovery

* Tabular SUmMmary, Serieg ii. Table 3.
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ExreriMeNT 197-a.—With2-1grains of sulphate of atropia,recovery occurred.

ExpEriMENT 198-a. e " s recovery .
ExpeErimveNT 199, o, e & 2 death 2
Exeerivext 200, e e o - death "
ExreErmvent 201 w 24 ¥ = death i
Experivest 202. o B = i death
Exreriuynt 208. LT " . death .
ExpErivesTt 204, o o - o death z

It is shown by these experiments, that when sulphate of atropia is adminis-
tered five minutes after this dose of physostigma, suceessful antagonism is
produced by any dose of sulphate of atropia ranging from one twentieth of a
orain to two grains and one tenth. In Experiment 198-a., successful antag-
onism likewise followed the administration of two grains and one fifth of
sulphate of atropia ; but as this result was not obtained in the next experi-
ment, in which the same dose was given, I have not included it within the
limits of success.

Eaperiments with Twice the Minimwm-Lethal Dose of Physostigma.—The
following results were obtained when atropia was administered five minutes
after a dose of physostigma twice as large as the minimum-lethal .-—#

Exrermvest 2056.—With 0°05 grain of sulphate of atropia, death ocenrred,

ExrerivexT 2086. ,, 008 e s death et
ExreErmvesT 207. . 008 ” ” death ”
ExrErivexT 208, . 009 = death .
ExperiMENT 209-2. ,, 01 - recovery .,
ExpEriMENT 210-2. |, 02 oy " recovery
ExrErivmesT 211-a. ,w 03 3 i recovery ,,
EXPERIMENT 212-2, ,, 04 i " recovery
ExpEriMENT 218-0.  ,, 05 ¥ 3 recovery ,,
ExpEriMENT 214-a. ., 05 i recovery ,,
ExperivmesT 215-a.  ,, 08 " ,, recovery
ExpEriMENT 216-2. ,, 00 2 = recovery
ExrermvesT 217-a. . 10 y . recovery ,,
ExeertmesT 218-a. |, 12 = i recovery
LXPERIMENT 219, o 13 5 " death i
Exrerivment 220, O (L 5 ¥ death -
ExrermvesT 221 . 1B e . death %
ExreEriveNT 222. w 2 grains ,, " death "
Exrerivest 223. L e 3 death i
* Tabular Summary, Series ii. Table 4.
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These experiments prove that when sulphate of atropia is administered five
minutes subsequently to a dose of physostigma twice as large as the minimum-
lethal, nine one-hundredths of a grain of the former substance is too small a
dose to prevent death ; that doses ranging from one-tenth of a grain to one
erain and a fifth are sufficient to do so; and that if the dose be larger than one
arain and a fifth, the higher limit of success is passed, and death occurs.

Erperiments with Two and a half times the Minimuwm-Lethal Dose of Physo-
stigina.—The experiments of the next group were made with a dose of physo-
stigma two and a half times as large as the minimum-lethal.¥ The doses of
sulphate of atropia that were given with this dose of physostigma, and the
results of the experiments are as follows :—

ExrerivenT 224.—With 005 grain of sulphate of atropia, death occurred.

ExXPERIMENT 225. . 008 o 1 death Ly
ExpERIMENT 226-a. ,, 01 > o recovery ,,
EXPERIMENT 227-a. ,, 015 A recovery ,,
ExpERIMENT 228-a. ,, (02 £ Iy recovery
ExpERIMENT 229-a. ,, 03 % s recovery ,,
ExperiMENT 230-2. ,, 05 - o recovery ,,
ExpPErRIMENT 231-a. ,, 06 2 = recovery
EXPERIMENT 232-a. ,, 07 i recovery
ExreErIMENT 233-a. *,, 08 s ™ recovery ,,
ExreEriMENT 234, = S = = death o
ExrPERIMENT 235, o BeD . i death s
ExrErRIMENT 236. e | e o death =
EXPERIMENT 237. R - o death o

Accordingly, when two and a half times the minimum-lethal dose of physo-
stigma was given five minutes before sulphate of atropia, the range of doses of
the latter substance, capable of producing successful counteraction, extended
only from one tenth to about seven tenths of a grain.

Experiments awith Three times the Mintmuwm-Lethal Dose of Physostigma.—
When the dose of physostigma was three times as large as the minimum-
lethal,t the following results were obtained :—

Exrerment 238.—With 0°1 grain of sulphate of atropia, death occurred.

ExrPERIMENT 239. 015 s s death o
ExrerivMent 240-a. ., 0016 + ’ recovery ,,
ExrErIMENT 241 S 1L 2 death i
ExpERIMENT 242. 25 o i death !

* Tabular Summary, Series ii. Table 5. + Ilid., Table 6.
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ExpeEriMENT 243.—With 0°3 grain of sulphate of atropia, death occurred.
ExpreErIMENT 244, | i i death =

Recovery, therefore, occurred in only one of the experiments in which atropia
was administered five minutes after a dose of physostigma three times as large
as the minimum-lethal. The administration of three twenticths and of one
fifth of a grain of sulphate of atropia resulted in death, but recovery took place
with the intermediate dose of four twenty-fifths of a grain,

Experiments with Thiree and a half times the Minimwn-Lethal Dose of Physo-
stigma.—The results of the previous experiments having made it obvious that
the largest dose of physostigma that can be rendered non-lethal by atropia
administered five minutes subsequently, is one three times as large as the
minimum-lethal, it was evidently unnecessary to perform many experiments
with a larger dose. Accordingly, only two such experiments were made, with
a dose three and a half times as large as the minimum-lethal;* and the chief
purposes of these experiments were to complete this portion of the series, and
to ascertain the nature of the phenomena that are produced when this dose of
physostigma is given five minutes before atropia.

Experivext 245,—With 0-16 grain of sulphate of atropia, death occurred.
ExrERIMENT 246. I | - . death -

As both of these experiments terminated fatally, it was needless to continue
the series by making experiments with a larger dose of physostigma.

The result of the whole series of experiments is therefore to show that
when atropia is administered five minutes after physostigma, the largest quan-
tity of the latter substance that can be rendered non-lethal by the former is
three times the minimum-lethal dose, and that the range of the doses of atropia
that are capable of preventing the lethal action of physostigma diminishes
according as the dose of physostigma is increased.

The results of this series of experiments are illustrated in Diagram 3 (Plate
XXIIL), which has been constructed on the same plan and scale as Diagram 1,
illustrating the first series of experiments, in order to facilitate a comparison
with it. It will be seen that the most prominent of the differences between
the two diagrams arve, that the region of recovery after lethal doses of physo-
stigma (distinguished as a pink area enclosed within the curved line « 2 ¢, and
the segment @ ¢ of the red horizontal line) is smaller both in its perpendicular
and in its horizontal extent, and that the cuwrved line @ b e is much more
irregular in the diagram of the second series (Diagram 3) than in that of the
first (Diagram 1).

The former of these differences very clearly illustrates the greater counter-

* Tabular Summary, Series ii. Table T,
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acting power of atropia when it is administered five minutes before, than when
it is administered five minutes after physostigma. It has been shown that in
the one case, three and a half times the minimum-lethal dose can be rendered
non-fatal, whereas in the other, only three times the minimum-lethal dose can
be suceessfully counteracted ; and not only does this difference exist, but the
range of the doses of atropia that can prevent the lethal action of any given
dose of physostigma is also greater in the former case than in the latter.

The greater irregularity of the curved line @be¢ in Diagram 3 than in
Diagram 1 renders very manifest certain other of the results, which also, it is
true, have already been mentioned in the description of the experiments, but
which cannot be so well appreciated from a mere verbal description as from
such a graphic representation as is afforded by the diagrams. It will be re-
membered that this line separates the experiments that terminated in death
from those that terminated in recovery. For convenience of deseription, it may
be regarded as consisting of two portions, @ 6 and & e,—the former separating
the experiments that terminated in recovery after the smaflest successtully
counteracting doses of atropia from those that terminated in death after still
smaller doses of atropia, and the latter separating the experiments that ter-
minated in recovery after the largest successfully counteracting doses of atropia
from those that terminated in death after still larger doses of atropia. In con-
nection with each of these portions of the line @ & ¢, there are several points
to which attention may be directed.

In Diagram 1, the portion & ¢ is a straight line, because, when physostigma
is administered five minutes after atropia, the largest doses of atropia that
can produce successful counteraction differ from each other by one grain for
each difference by half the minimum-lethal dose in the quantity of physostigma.
In Diagram 3, however, b ¢ is a curved line, because when physostigma is
administered five minutes before atropia, the largest successfully counteracting
doses of atropia do not diminish regularly as the doses of physostigma are re-
anlarly increased.

The greater irregularity of the curved line « & ¢ in Diagram 3 than in
Diagram 1 is apparent also in the portion @ &; and it will be seen that this
portion has a less perpendicular direction, as well as a less straight course, in
the former than in the latter diagram.

In both diagrams, the steep rise of @ b contrasts in a marked manner
with the gradual descent of #e. This contrast brings into prominent relief
those already mentioned results that show the smallest of the various
doses of atropia capable of successfully counteracting different doses of
physostigma to differ from each other much less than the largest. Tt has been
ascertained by the first series of experiments, that when atropia is adminis-
tered five minutes before physostigma, the difference between the smallest
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dose of atropia capable of preventing death after the minimum-lethal dose of
physostigma and the smallest capable of doing so after a dose three and a half
times as large is only nine one-hundredths of a grain, whereas the difference
hetween the largest doses is so great as five grains. When atropia is given
five minutes after physostigma, the difference between the smallest dose capable
of preventing death after the minimum-lethal dose of physostigma and after a
dose three times as large is only thirteen one-hundredths of a grain, whereas
the difference between the largest doses is so great as two grains and nine
twentieths.

In order more clearly to display the differences between « & in the two series
of experiments, I have drawn other two diagrams, in which the irregularities of
this line are more distinctly shown than in Diagrams 1 and 3.  This has been
effected by simply diminishing the value of the subdivisions of the horizontal
lines, so that each tenth of a grain of sulphate of atropia is indicated by twenty
subdivisions in place of by two. By this modification, the direction of the line
@ b has been rendered less perpendicular, and at the same time its course has
been more accurately defined. Diagram 2 represents the experiments of the
first series, and Diagram 4 those of the second, and only so much of each series
has been included as is required to exhibit the course of @ &, It will be seen
that in Diagram 4 the line « & is more irregular in its course than in Diagram 2,
and that in Diagram 2 a number of irregularities are displayed in this line, which
are not apparent in Diagram 1, where the same series of experiments is repre-
sented in a more contracted form.

It will likewise be seen from an inspection of the diagrams illustrative of
these two series of experiments, that in rabbits a dose of sulphate of atropia
equivalent to four twenty-fifths of a grain per three pounds weight of animal is
able to prevent the fatal effect of any quantity of pllf'snstij.fnm which can be
rendered non-fatal by atropia, and that even a very slight modification of this
dose suffices to curtail the extent of suecessful antagonism. There can be
little doubt that in every species of animal some dose of atropia oceupies a
similarly important position, and bears a similar relation to the range of suc-
cessfully counteracting doses. A result of some practical value has probably
been obtained by the establishment of the fact that this dose is much nearer
the minimum than the maximum in the range of the doses of atropia capable
of preventing the lethal effect of physostizma,

Experiments with half the minimwm-lethal dose of physostigma.—The next
experiments were made in order to determine the smallest dose of atropia that
in conjunction with half the minimum-lethal dose of physostigma administered
five minutes before it is suflicient for the production of death.* The following
results were obtained :—

* Tabular Summary, Series ii, Table 1.
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ExperimenT 163.—With 5° grains of sulphate of atropia, recovery occurred.
ExrErivENT 164, TR i .. recovery =
ExrerivesT 165, ot Ml g * recovery 4
ExreEriMENT 166, ST - S death e
ExrEriMENT 167. . 816 i % death =

The smallest quantity of atropia that in conjunction with half the minimum-
lethal dose of physostigma administered five minutes before it is sufficient for
the production of death is thus shown to be about eight grains per three pounds
weight of rabbit. In the analogous experiments of the first series a similar result
was obtained, for although there death did not occur unless the dose of atropia
was at least nine grains and four fifths, it is probable that this comparatively
slight difference may be due to the physostizma having been given in that series
in the form of extract. It will be remembered that the minimum-lethal dose
of sulphate of physostigmia is somewhat less than one-tenth of that of extract
of physostigcma. For convenience of comparison, however, it has been assumed
in the second series of experiments, that sulphate of physostigmia is eractly ten
times as active as extract of physostigma.

With these experiments, the second series is completed. I have not con-
sidered it necessary to construet a diagram of the entire series, as all its special
characters are displayed in the diagrams representing the experiments in which
the doses of physostigma were lethal.  With less than lethal doses, the results
are so similar to those of the first series of experiments that the region of
recovery would be of essentially the same form as that represented in
Diagram 5.

ITI. DETERMINATION OF THE INFLUENCE OF THE INTERVAL OF TIME BETWEEN THE
ADMINISTRATION OF THE TWO SUBSTANCES, UPON THE DoSE oF ATROPIA
REQUIRED To COUNTERACT A GIVEN DosSE oF PHYSOSTIGMA.

In the two series of experiments that have already been described, the two
following series of dose-limits of successful antagonism have been determined,
namely, those limits where the atropia is given five minutes before, and those
where it is given five minutes after the physostigma. Further, it has been shown
that the limits in the one series differ somewhat from those in the other ; and
when this result is taken in connection with several obvious considerations, it
1s evident that the series of dose-limits of suceessful antagonism will be different
for every different time-relation in the administration of the two substances.
It is, however, evident that to make for each of any considerable number of
other time-relations in the administration of the two substances, a complete
series of experiments on the plan of the two series already deseribed, would
entail an amount of labour quite out of keeping with the value of any results
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that migﬁt fairly be looked for. The most interesting of such results would be
the determination for each case of given doses of the two substances compatible
with the production of successful antagonism of the maximum period separat-
ing the administration of the one substance from that of the other, both when
the atropia is administered before, and when it is administered after the physo-
stigma.

In the experiments of the present series (3d), I have contented myself with
determining this period in the case of one constant dose of physostigma with
doses of atropia ranging from the one-hundredth of a grain to five grains.
When the results derived from this series of experiments are considered along
with those of the first and second series, an indication will, I believe, be obtained
of the limits in the period separating the administration of the two substances
within which suecessful antagonism may occur, even for the cases where the
combination of doses of physostigma and atropia is different from any combina-
tion included in the present series.

The dose of physostigma I have selected for these experiments is one
equivalent to one and a half times the minimum-lethal dose; and it was
administered in the form of sulphate of the active prineiple, of which prepara-
tion this dose is represented by three twenty-fifths of a grain per three pounds
weight of rabbit.  With each dose of atropia that was given in combination
with this dose of physostigma, several experiments were made, which differed
from each other by a difference in the interval of time separating the adminis-
tration of the two substances; this interval being in the first experiments
such as to permit of successful antagonism, and being in each subsequent ex-
periment altered until at length it became such as no longer to permit of suc-
cessful antagonism. This, at least, was the general plan followed in this series,
but it was somewhat departed from on several occasions, when the circum-
stances of the experiments prevented or rendered inconvenient its adoption.
Briefly stated, the distinguishing characters of the servies were that the dose of
physostigma was constant, while the dose of atropia and the interval of time
between the administration of the two substances varied.

In certain of the experiments atropia was administered hefore physostigma,
and in others physostigma before atropia; and in order to connect together
these two groups of experiments, a third group was undertaken in which atropia
and physostigma were administered as nearly simultancously as possible.  In
describing the chief results, I shall, as a matter of convenience, in the first place
consider (#) the experiments in which the two substances were simultane-
ously administered; then (4) the experiments in which atropia was administered
after physostigma; and finally (¢), the experiments in which atropia was
administered before physostigma.

() Experiments in which Atropie and Physostigma were administered
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simultaneously.—In the experiments of this group,* the administration of the
two substances was effected in exactly the same manner as in experiments
44-a and 45-g, Section A (pp. 553 and 555). Before mentioning the results
that were obtained, it is proper to point out that a brief interval necessarily
elapsed between the administration of the two substances. This interval,
however, was only one of a few seconds, and, practically, was of little moment,
especially as uniformity was obtained in all the experiments by care being taken
always to inject the dose of atropia before that of physostigma. When, with
this precaution, a dose of physostigma one and a half times as large as the
minimum-lethal (0-12 grain of sulphate of physostigmia per three pounds weight
of rabbit), was administrated nearly at the same moment with various doses of

sulphate of atropia, the following results were obtained:—

ExreriMENT 247.—With 002 grain of sulphate of atropia, death occeurred.

CXPERIMENT 248, ., 002 = L death 2
ExXPERIMENT 249-a. . 005 " o recovery ,,
ExXpERIMENT 260-a. ,, 05 R s recovery ,,
LXPERIMENT 251-a. 2] - o recovery ,,
LXPERIMENT 252-a. ,, 15 iz . recovery ,,
ExpErRIMENT 288-a. ,, 2° grains ,, 5 recovery
{XPERIMENT 254-a. ,, 25 - - recovery ,,
ExpeEriMENT 255-2. |, 3 = 1i recovery ,,
LXPERIMENT 256-a. ,, 38 i o recovery ,,
LCXPERIMENT 257. e g death 1y
LXPERIMENT 258. e % %3 death =
ExreErivexT 289, T s 5 death 1
ExpPERIMENT 260, Sl i & death 4

It is shown by these experiments that when a dose of physostigma one and
a half times as large as the minimum-lethal is administered simultaneously with
sulphate of atropia, one fiftieth of a grain of the latter substance is a dose
msufficient to prevent death, but that one twentieth of a grain is a dose
sufficiently larce to do so. It is likewise shown that the fatal effect of
this dose of physostigma may be prevented when any dose of sulphate of
atropia ranging from one twentieth of a grain to three grains and three tenths
is given simultaneously with it, and that death occurs when the dose of sulphate
of atropia is three grains and a half or greater than this.

(BY Experiments in whick Atropin was administered after Physostigma.— A
considerable amount of interest is attached to the experiments of the next
eroup, in which the administration of physostigma preceded that of atropia.t
In briefly describing these experiments, I shall, in the first place, consider the

* Tabular Summary, Series iii. Table 1, t Ibid, Table 2.
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results obtained when the administration of atropia was effected five minutes
after that of physostigma, then, those obtained when the administration of atropia
was effected ten minutes after that of physostigma, and so on until a period is
arrived at which is too prolonged to permit any dose of atropia to counteract
suceessfully the dose of physostigma invariably administered in this series.

The range of the doses of sulphate of atropia that are able successfully to
counteract one and a half times the minimum-lethal dose of sulphate of physo-
stigmia, when the administration of the former substance was effected five
minutes after that of the latter, has alveady been ascertained by experiments
contained in the second series. It was shown by these experiments (p. 593) that
this range extends from the one-twentieth of a grain to two grains amd one
tenth. Death was found to oceur when the dose of sulphate of atropia was so
small as three one-hundredths of a grain, and also when it was so large as two
orains and three tenths. It will be observed that this range is smaller than
that which is obtained when the two substances are simultaneously administered,
for in the latter case it extends from the one twentieth of a grain to three
grains and three tenths.

In the experiments where the sulphate of atropia was administered fen
minutes after one and a half times the minimum-lethal dose of sulphate of
physostigmia, the following results were obtained :—

Exrermiext 261—With 0°05 grain of sulphate of atropia, death occenrred.

ExpPeriMENT 262-2. ,, 03 i 2 recovery ,,
ExpPeERIMENT 263-a. ,, 05 " . recovery ,,
ExpERIMENT 264-a. ,, 1- T . recovery
ExperivenT 266-a. ,, 175 . . recovery
EXPERIMENT 266-a. ,, 2° grains ,, i recovery ,,
ExpERIMENT 267-2. ,, 23 " " recovery
ExreriMeENT 268-2. ,, 24 . " recovery ,
EXPERIMENT 269-a. , 25 i = recovery ,,
Exrerivext 270. . T " " death "
EXPERIMENT 271 L = . death N

From these experiments it is seen, that when sulphate of atropia is admin-
istered ten minutes after sulphate of physostigmia, any dose of the former
substance ranging from three tenths of a grain to two grains and a half, is able
to prevent the fatal effect of one and a half times the minimum-lethal dose of the
latter substance. The range is, again, a more limited one than that obtained by
simultaneous administration. It is, however, a somewhat more extended one
than that obtained where the atropia is administered five minutes after the physo-
stigma. and the greater extension is due to the maximum successtully antagonising
dose of sulphate of atropia being considerably greater when the administration

VOL. XXVI. PART IIi. TR
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of atropia succeeds that of physostigma by ten minutes, than when it succeeds
it by only five minutes. This difference is one, certainly, which I did not
anticipate. My expectation was rather that the maximum successfully
antagonising dose of sulphate of atropia would be greater when the interval
was one of five minutes, than when it was one of ten minutes, It is diffieult
to account for the result that has been obtained. T cannot attribute it to any
known cause of fallacy in the circumstances of the experiments; and the expla-
nation that it is simply due to some of the causes of fallacy that are unavoidable
in such a research, seems to be opposed by its being derived, not from one or
two experiments only, but from seven, of which four belong to the interval of
five minutes, and three to that of ten minutes. Of the experiments belonging
to the former interval, death ocemrred in one where the dose of sulphate of
atropia was 23 grains, in two where it was 24 grains, and in one where it was
25 grains ; while of the experiments belonging to the latter interval, recovery
oceurred in one with each of these doses. Further, of these experiments, two
differing in the interval but agreeing in the dose of sulphate of atropia (2-4
gmim-_;] were lwl'lhrllwd on the same day, on rabbits of n qarly the same ‘I.‘I.'L'ight,
and as far as could be judged, of equally healthy condition, and yet, as has
already been stated, death occurred in the experiment with the former interval
(Experiment 202), and recovery in that with the latter interval (Experiment
268-).

Still, notwithstanding these various circumstances, it may be that the result
is due to a mere accident. [If, however, it be not so, its occurrence may possibly
be explained by supposing that the non-antagonised action or actions of
physostigma produce their maximum effect after a greater interval of time
from the administration than is the case with atropia. If this be assumed, it
is obvious that death will be most easily produced when the administration
of the two substances is so timed that the two maxima of effect may coincide.
These various suppositions being granted, the apparently anomalous result
of a larger dose of sulphate of atropia being within the range of successful
antagonism when the interval is one of ten minutes than when it is one of five
minutes, may be accounted for, by assuming that certain actions produced by
the two substances are not present in so great a degree of combined intensity
when atropia is given ten minutes after physostigma as when it is given only
five minutes after it.

Passing now to the experiments in which the interval of time was greater
than ten minutes, 1 find that only one experiment was made in which atropia
was administered fourfeen minutes after physostigma (EXpPERIMENT 272-4). In
this experiment, the dose of sulphate of atropia was three tenths of a grain,
and with it the fatal effect of one and a half times the minimum-lethal dose of
physostigma was sucecessfully antagonised.
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Several experiments, however, were made in which the administration of
the atropia was effected fifteen minutes after that of the physostigma. Their
results are as follows:—

EXPERIMENT 278-a.—With 0°3 erain of sulphate of atropia, recovery occurred.

ExperivesT 274-a. a5 o " recovery
ExrErIMENT 276-2. R i > recovery
ExrERIMENT 276. o L e " death "
ExrErIMENT 277. »  2° orains ,, ol death 7

With this interval, therefore, death is prevented from occwrring by doses of
sulphate of atropia ranging from three tenths of a grain to one grain. It will
be observed that the range is a more limited one than that which was obtained
when the two substances were simultaneously administered, and also when the
interval was less than fifteen minutes. It is, however, very satisfactory to find, as
an indication of the remarkable efficacy of the antagonising influence of atropia,
that even when one and a half times the minimum-lethal dose of physostigma is
allowed to exert its toxic power without any interference for so long a period
as fifteen minutes, the administration of atropia is still able to prevent death.
The details of the experiments are of so great interest that I regret that it is
inadvisable to deseribe them fully,—since this could not be done without greatly
increasing the already formidable dimensions of this communication. T must
therefore content myself with referring to the abridged accounts contained in
the Tabular E‘_")llll'll]l:!..l‘}’, In all of the experiments, the animal was at the pnint
of death before the atropia was administered, and yet, in two or three minutes
threrveafter, the gravity of the symptoms lessened with the most extraordinary
rapidity, not only in those experiments where perfect recovery was ultimately
effected, but even in those where the final result was death. On several
oceasions also, an experiment that had been commenced could not be com-
pleted, because death oceurred in less than fifteen minutes after the administra-
tion of physostigma, and, therefore, before the proper time had arrived for the
administration of atropia.

When, indeed, the interval was greater than fifteen minutes, some difficulty
was experienced in obtaining any evidence whatever of the influence that is
exerted by atropia upon the toxic effect of this dose of physostigma. Tt was
only after several attempts, that I succeeded in performing the two following
experiments, in which atropia was administered seventeen minutes after one and
a half times the minimum-lethal dose of physostizma.

ExreriveNT 278.—With 0-3 grain of sulphate of atropia, death occurred.

Exrermext 279, 5 0B o o death

EE

In both experiments, death occurred : in the one, after the administration
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of three tenths of a grain of sulphate of atropia ; in the other, after the adminis-
tration of half a grain.

From the experiments of this group we learn that the fatal effect of one
and a half times the minimum-lethal dose of physostigma can be prevented by
any dose between one-twentieth of a grain and two grains and one tenth of
sulphate of atropia, if it be administered within five minutes afterwards ;
by any dose between three tenths of a grain and two grains and one tenth of
sulphate of atropia, if it be administered within ten minutes afterwards ; and by
any dose between three tenths of a grain and one grain of sulphate of atropia,
if it be administered within fifteen minutes afterwards.

(¢) Erperiments in which Atropic was administered before Physostigma.—
In the last group of experiments to be considered, the administration of atropia
preceded that of physostigma.® I shall, in the first place, describe those experi-
ments that were undertaken for the purpose of determining what range of
doses of atropia can successfully counteract one and a half times the minimum-
lethal dose of physostigma, when the former substance is given five minutes
before the latter. In Series 1. of this section, this range has already been
determined in the case of the extract of physostigma ; but it was considered
advisable also to perform with the sulphate of physostigmia a few experiments
in which this interval was observed, as it has been shown that the dose of this
substance adopted as the minimum-lethal is somewhat more powerful than the
dose of extract of physostigma adopted as such (p. 543).

Experiments were accordingly performed, in which atropia in various doses
was administered five minutes before one and a half times the minimum-lethal
dose of sulphate of physostigmia. The doses of atropia given in each experi-
ment, and the results obtained, were as follows :-

Experivext 280. — With 001 grain of sulphate of atropia, death oceurred.

ExreriMent 28l-a. |, 0002 . ” recovery ,,
CXPERIMENT 282-a. ,, 005 i recovery ,,
ExperiMENT 283-2. ,, 35 grains ,, s recovery ,,
ExperivmesT 284-a. 37 3 b recovery ,,
ExrerimeNT 2885, =80 = e death -
EXPERIMENT 286, . 30 A o death i
Exrerimest 287. R i + death it
ExrerivenT 288, N ., death £
EXPERIMENT 289. T ; it = death :

It is shown by these experiments that when sulphate of atropia is adminis-
tered five minutes before one and a half times the minimum-lethal dose of
sulphate of physostigmia, any dose of the former substance ranging from one
fiftieth of a grain to three grains and seven tenths is able to produce success-

* Tabular Summary, Series iii. Table 3.

AT i
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ful counteraction. The smallest of these doses of sulphate of atropia is exactly
the same as that which can successfully counteract one and a half times the
minimum-lethal dose of extract. The largest, however, is smaller by two fifths
of a grain than the largest dose that can successfully counteract one and a half
times the minimum-lethal dose of the extract ; and this difference, as tending
to show that the dose of sulphate of physostigmia adopted as the minimum-
lethal is somewhat more powerful than the dose of extract adopted as such,
confirms the result of the experiments by which the minimum-lethal dose of
these two preparations of physostigma was determined.

In the description of the other experiments of this group, those performe:d
with each of the doses of sulphate of atropia administered will be separately
considered, commencing with the smallest dose that was given. The experi-
ments made with each dose of sulphate of atropia will be briefly described in
an order proceeding from the shortest to the longest interval of time that
separated the administration of the two substances. In the account of these
experiments, the interval of time, the dose of sulphate of atropia, and the result
of the experiments, will alone be mentioned.

The smallest dose of sulphate of atropia that was given at various intervals
before one and a half times the minimum-lethal dose of sulphate of physo-
stigmia, was one twentieth of a grain (0005 gr.) ; and with this dose the follow-
ing experiments were performed :—

Experinent 290-a,—With an interval of 10 minutes, recovery oceurred.

ExrERIMENT 291-3. i 15 g recovery 5
LXPERIMENT 292-a. 2 20 2 recovery .
{XPERIMENT 293. i 25 " death

ExrerimenT 294, i3 30 5 death "

These experiments show that the administration of one twentieth of a grain
of sulphate of atropia may precede that of one and a half' times the minimum-
lethal dose of physostigma by an interval of twenty minutes, or less, and still
successful antagonism will occur.  If, however, this interval be prolonged
beyond twenty minutes, as to twenty-five or thirty minutes, successful anta
gonism does not oceur.

In the next experiments, the dose of sulphate of atropia was half @ grain
(0-5 gr.) ; and the intervals that elapsed between its administration and the
subsequent administration of one and a half times the minimum-lethal dose of
physostigma, as weéll as the results of the experiments, were as follows -—

ExprerimenT 205-a.—With an interval of 15 minutes, recovery occurred.
EXPERIMENT 296-a. a 25 . recovery ”
ExpeErimeNT 297-a. % 30 »  Tecovery i
VOL. XXVI. PART III. i 8
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Exrerivext 298, —With an interval of 35 minutes, death occurred.
ExreriMenT 299, A 40 5 death .

It appears, therefore, that successful antagonism occurs when half a grain
of sulphate of atropia is administered thirty minutes, or less, before one and
a half times the minimum-lethal dose of physostigma but not when the interval
is one of thirty-five minutes, or more.

The next dose of sulphate of atropia with which experiments of this kind
were made was one grain and @ half (1'5 gr.). The intervals of time that
elapsed before the administration of physostigma and the results obtained
were the following . —

Exrerment 300-a.—With an interval of 15 minutes, recovery ocenrred.

ExrerivexT 301-a. & 3 % recovery =
ExrERIMENT 302-a. = 40 - recovery 3
INPERIMENT 303-a. I H recovery 3
Exrermvext 304-a. e 65 ,»  Tecovery :
Exrermvext 308. ) 70 ,, death 2
SXPERIMENT 3086. = 80 »  death &

Accordingly, the longest interval compatible with the production of success-
ful antagonism that may elapse after the administration of one grain and a half
of sulphate of atropia, and before that of one and a half times the minimum-
lethal dose of physostigma, is one of about sixty-five minutes.

I have next to describe, in a similarly abridged manner, a number of experi-
ments in which the dose of sulphate of atropia was three grains.

Exrerniext 307-a.—With an interval of 40 minutes, recovery occurred.

Exrerimext 308-a. (i15] recovery =
ExpErIvMENT 309-a. K 90 o recovery 2
ExprerivesT 310-a. - 95 - recovery =
ExperimexT 311, " 100 ,, death S
ExrErIMENT 312. £ 105 .  death =
ExprerivesT 313. > 120 A death 5

It is shown by these experiments that snecessful antagonism occurs when a
dose of three grains of sulphate of atropia is administered ninety-five minutes
(one hour and thirty-five minutes), or at any shorter period, before one and a
half times the minimum-lethal dose of physostigma ; but that it does not occur
when the period is prolonged to one hundred minutes, or still further.

The doses of sulphate of atropia that were given in the four sets of experi-
ments of this group that have last been described, namely, 0-05 gr.,, 0°5 gr., 15
or., and 3 grs., are all included within the range of the doses of this substance
able to prevent the fatal effect of one and a half times the minimum-lethal dose of

-
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sulphate of physostigmia both when the atropia is administered five minutes
before the physostigma, and when the two substances are simultaneously
administered. The dose with which the last-mentioned experiments were
performed, namely, three grains, is, however, near the maximum limit of the
range in the case of simultaneous administration, and, accordingly, not far from
this limit in the case where atropia is administered five minutes before physo-
stigma.

I have in the next place to deseribe two sets of experiments made respec-
tively with one and the other of two doses of sulphate of atropia greater
not only than the maximum dose that produces snccessful antagonism when
given simultaneously with one and a half times the minimum-lethal dose of
physostigma, but also than the maximum that does so when given five minutes
before it.

The first of these doses of sulphate of atropia is fowr grains and a half. It
was administered before physostigma at the intervals and with the results that
will now be stated :—

ExrermmesT 314.— With an interval of 10 minutes, death oceurred.
ExreriMexT 315-a. i 15 ” recovery ,,
ExrerivexT 316-a. " 15 - recovery ,

20 e recovery

ExprerimesT 317-a.

The very interesting and remarkable character of the results of these experi-
ments becomes apparent when they are considered along with those of two
experiments previously described, in which the same doses of sulphate of
atropia and sulphate of physostigmia respectively were administered. In the
first of these (Experiment 259), the administration of the two substances was
simultaneously effected, and in the second (Experiment 2353), the atropia was
administered five minutes before the physostigma ; and in both cases death
oceurred. It has wow been shown that when, with the same respective doses,
the atropia is given ten minutes before the physostigma, the result is still a
fatal one ; but that when the atropia is given fifteen or twenty minutes before
the pll ysostigma, recovery, and not death, oceurs.

I have not made any experiments with this dose of sulphate of atropia for
the purpose of determining the maximum interval of time that may, without
hindering the production of successful antagonism, be allowed to intervene
between its administration and the subsequent administration of one and a half
times the minimum-lethal dose of sulphate of physostigmia.

Such a determination, however, was accomplished in the experiments where
the dose of sulphate of atropia was five grains.  The intervals of time separating
the administration of the two substances, and the results obtained in these
experiments, were as follows :—
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ExpreriveEnT 318.—With an interval of 15 minutes, death cccurred.

ExprerivexT 319, s 20 »  death W
EXPERIMENT 320-2. - 25 . TECOYELY
ExpPERIMENT 321-a. i 30 ;s TECOVEry |,
ExpPERIMENT 322-4. 5 6o s TEcovery ,,
ExrermmexT 323, 5 65 ., death :
ExrerivesT 324. - 105 ,» death i
ExpeErivesT 325-a. . 105 »  recovery ,,
ExrerivexT 326-a. < 140 s Tecovery .,
ExperivexT 327-a. . 70 . Tecovery .,
ExreriviexT 328-a. 3 175 w  Tecovery
ExrERIMENT 329. 5 180 .  death !
ExrerimesT 330, . 185 »  death 2
ExpErivMENT 331 2 200 »  death :

It appears from these experiments, that when a dose of five grains of sul-
phate of atropia is administered before one and a half times the minimum-
lethal dose of sulphate of physostigmia, death oceurs if the interval of time be
one of fifteen minutes, or of twenty minutes ; that recovery generally oceurs if
the interval be one included within the wide limits extending from twenty-five
minutes to one hundred and seventy-five minutes (two hours and fifty-five
minutes) ; and that death again occurs if the interval be one so great as a
hundred and eighty minutes (three hours). In connection with these results
also, it is of interest to point out that in two experiments previously described,
where the same respective doses of sulphate of atropia and sulphate of physo-
stigmia were given, death occurred both when the two substances were simul-
taneously administered (Experiment 260) and when the atropia was adminis-
tered five minutes before the physostigma (Experiment 289).

A very interesting and suggestive chain of events is therefore presented by
the experiments in which five grains of sulphate of atropia was administered
in combination with one and a half times the minimum-lethal dose of sulphate
of physostigmia. For it is seen that certain actions produced with sufficient
intensity to cause death when the two substances are simultaneously adminis-
tered, lose the power of doing so when the atropia is administered at an interval
of twenty-five minutes before the physostigma; while the now unobscured
counteraction of the lethal effect of this dose of physostigma, which makes this
loss perceptible, persists till the interval is increased to three hours.

These various changes are no doubt caused by there being a progressive
increase followed by a decrease in the intensity of certain of the actions
that are produced by this dose of atropia. The progressive increase is
probably influenced to some extent by the rate at which the atropia is
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absorbed. The decrease may be referred to various causes, such as the elimi-
nation of the atropia, or its destruction in the tissues, or it may be due merely
to a diminution in the degree of the actions produced by this substance,
altogether independent of either elimination or destruction.

To whatever cause we refer the decrease in intensity of the actions of atropia,
in some exceptional circumstances, connected in all probability with the condition
of the animal employed in the experiment, a delay seems to occur in the rapidity
with which those actions are decreased, that are accountable for the production
of death when the interval by which the administration of the atropia precedes
that of the physostigma is one of twenty minutes, or one of shorter duration.
The oceurrence of this delay is well illustrated by the fatal termination of
Experiments 323 and 324 ; in the first of which the atropia was administered
sixty-five minutes, and in the other one hundred and five minutes before the
physostigma. In both experiments, the symptoms that were observed closely
resemble those of the experiments in which an interval too brief for the pro-
duetion of successful antagonism had separated the administration of the two
substances. A reference to the description of these experiments in the Tabular
Summary will confirm this statement.

The various results of this, the third series of experiments, have been
graphically represented in Diagram 6 (Plate XXV.). This diagram agrees
with the diagrams already deseribed in showing by distance from one and the
other of two straight lines placed at right angles to one another, what amount
of one and the other respectively of two variables is present in each of certain
combinations of them further diagrammatically distinguished by the character
of the mark indicating their diagrammatic position into fatal and non-fatal :
and differs from them in substituting for one of their variables, namely, the
dose of physostigma, a new variable, namely, a varying interval of time separat-
ing the administration of the one substance from that of the other; the differ-
ence depending on the fact, that while in the two previous series of experiments
the dose of atropia and the dose of physostigma varied, and the interval of time
separating the administration of the one substance from that of the other was
constant, in the present series the dose of atropia and the interval of time
separating the administration of the one substance from that of the other varied,
and the dose of physostizma was constant.

The representation of the order in which the administration of the one sub-
stance stands to that of the other, is provided for by the arrangement that in
the representation of length of interval of time by distance from the line of zero
mterval, that distance is taken on the upper or on the under side respectively
of that horizontal line, according as the administration of the atropia precedes
or follows that of the physostigma. Each of the equal subdivisions of distance
from the line of zero interval, which aremarked out by the lines drawn parallel
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to that line, represents five minutes ; and each of those of distance to the right
from the perpendicular line forming the left margin of the diagram, which are
marked out by the lines drawn parallel to that line, represents (as in Diagrams
I and 3) a twentieth of a grain of sulphate of atropia. The constant dose of
physostigma was one and a half times the minimum-lethal one.

The conditions of each experiment may, therefore, at once be apprehended
from the position oceupied by the representation of the experiment in the
diagram : whether atropia was administered before or after physostigma is
seen from the representation of the experiment being placed above or below
the zero line; what the interval of time separating the administration of the
two substances was, from the distance of this representation in a perpendicular
direction from the zero line of time ; and what dose of sulphate of atropia was
administered, from the distance of this representation in a horizontal direetion
from the left margin of the diagram.

In this diagram, as in the others as yet deseribed, the experiments that ter-
minated in recovery (dots) have been separated from those that terminated in
death (crosses) by a black line ; and the regions of recovery and death that are
thereby mapped out have been coloured respectively pink and blue.

When the diagram is examined, the two points to which attention will pro-
bably be attracted first are the irregular form of the region of recovery (pink),
and the much greater extent, both horizontal and perpendicular, of the portion
of this region where atropia was administered before physostigma than of the
portion where atropia was administered after physostigma. The existence of
this difference illustrates very distinetly a general result of the experiments of
this series, namely, that successful antagonism occurs with a greater range of
doses of atropia and with a greater range of intervals of time between the two
administrations, when atropia is given before physostigma, than when it is given
after it. In the latter case, the length of the intervals of time is obviously
limited by there being a limitation to the time within which this dose of physo-
stigma itself produces death. In the former case, the intervals are not subject
to a similar curtailment, seeing that the doses of atropia represented in the
diagram are all considerably below the minimum-lethal dose.

In reference to the irregularity in the form of the region of recovery, the
only special point to which attention need be drawn, is the existence of the
curions anomaly in the portion where atropia was administered after physo-
stigma.  This anomaly brings into almost too great prominence the fact, already
at some length considered, that the maximum dose of atropia that produces
successful antagonism with the dose of physostigma employed in this series was
found to be greater when the latter substance is administered ten minutes
before the atropia than when it is administered only five minutes heforeit. It
has already been shown that the existence of this seemingly anomalous result is
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founded on the evidence of a sufficiently large number of trustworthy experi-
ments to prevent its being regarded as certainly due to some of those unavoid-
able variations in the conditions of the experiments that we do not at present
know how to make allowance for, although this is the explanation that is most
naturally suggested.

Soon after presenting this anomaly, the line of demarcation between the
two regions crosses the line representing simultaneous administration, and
then continues its gradual ascent until it reaches the right margin of the
diagram. In this course, there are indicated certain points of interest relating
to the maximum dose of atropia that produces suceessful antagonism at different
intervals of time. It is seen that this maximum dose is considerably smaller
when atropia is administered after physostigma than when the two substances
are simultaneously administered ; that is also smaller, thongh by a less difference
than in the previous instance, when the two substances are simultaneously
administered, than when atropia is administered five minutes before physo-
stigma; and finally, that it augments in size with each increase of the interval
of time separating the administration of atropia from the subsequent adminis-
tration of physostigma. So that, as I have already pointed out, when such
a dose of sulphate of atropia as five grains is used, death occurs when it is
administered at any interval after the physostigma, simultaneously with it, or at
any interval less than twenty minutes before it; but, on the other hand, recovery
generally occurs when it is given at any interval from twenty-five to one hundred
and seventy-five minutes before it.

The portion of the line of demarcation that forms the upper boundary of
the region of recovery rises gradually and at a tolerably uniform rate from
where it cuts the perpendicular line indicating a twentieth of a grain of sulphate
of atropia to where it reaches that indicating five grains ; and as this rise implies
a corresponding increase in the interval of time by which the administration of
atropia preceded that of physostigma, it displays very clearly another general
result of the experiments, namely, the establishment of the fact that the maxi-
mum interval of time by which the administration of atropia may compatibly
with the production of successful antagonism precede that of physostiema—in
other words, the length of time the antidotal influence produced by the adminis-
tration of a dose of atropia lasts—gradually and with tolerable regularity
mereases as the dose of atropia is augmented from one-twentieth of a grain to
five grains. How far increase of that interval goes on in the case of further
increase of the dose of atropia, has not been tested by experiment ; but it scems
likely that were this done, it would be found to stop at a dose of atropia some-
where between the largest already tested (five grains) and the minimum-lethal
(about twenty-one grains). Near this point, the portion of the line of demarea-
tion forming the upper boundary of the region of recovery will reach its highest
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elevation (an elevation above that represented in the diagram), and either there
or somewhere further in advance, it will meet the portion of the line forming the
lower boundary of this region, and in this manner the boundaries of the
region of recovery would be completed.

General Characters of the Symptoms produced by different Combinations of
Atropia and Physostigma.—In the account that has been given of the experi-
ments contained in this section, I have avoided all details of the nature of the
symptoms that were produced, believing that any special allusion to them would
probably have distracted the attention from the primary purpose of this portion
of the research. TFurther, the minute details of the kind that in the previous
section were in many instances given were not concerned with experiments per-
formed at any special portions of the region of recovery,
with experiments performed in the region of death. The experiments in each
of these regions may be divided into two great classes, in accordance with the
symptoms which they presented. In the one class, certain of the effects of
atropia were prominently developed and maintained for considerable intervals,
while the effects of physostigma were but slightly, or even not at all exhibited.
In the other class, several of the effects of physostigma were present in a decided
form, and masked either completely or in part the effects of atropia.

In the first and second series, the former class of symptoms characterised
the experiments where recovery followed the administration of a laree dose of
atropia, and also those where death followed the administration of an exeessive
dose of this substance. The latter class of symptoms were present in the experi-
ments where recovery followed the administration of a small dose of atropia,
and also in those where death followed the administration of a dose of atropia
msufficient to connteract successfully the lethal effect of the dose of physostigma
ziven in combination with it.

In the third series, after both substances had been administered, atropia

nor in any instance

effects were most distinetly produced in the experiments where recovery
followed the administration of a larce dose of sulphate of atropia simultane-
ously with, or five or ten minutes after the dose of physostigma there given ;
and also in those where recovery followed the administration of the larger of the
doses of sulphate of atropia that were given before this dose of physostigma,
provided the interval of time separating the administration of the two sub-
stances were not a very prolonged one. These effects were likewise promi-
nently displayed in the experiments where death followed the administration
of an excessive dose of sulphate of atropia simultaneously with, or five or ten
minutes after, the physostigma; and also in those where death followed the
ardlministration of from 3-9 to 5 grains of sulphate of atropia before the physo-
stigma at an interval of time too short to permit of successful antagonism. On
the other hand, the effects of physostigma were in this series most prominently
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developed in the experiments where recovery followed the administration of the
smaller of the doses of sulphate of atropia that were given simultaneously with,
after, and before the dose of physostigma, or of a large dose of sulphate of
atropia at a long interval of time before the physostigma. These effects were
also produced in a marked form when death followed the administration of the
smaller of the doses of sulphate of atropia that were given simultaneously with,
and five minutes after and before the dose of physostigma, and when death
oceurred where sulphate of atropia in somewhat large doses was given before
physostigma at too prolonged an interval of time to admit of successful anta-
conism.

Such, in general terms, were the characters of the symptoms in different
portions of the regions of recovery and death. The data for a more complete
analysis of these symptoms are contained in the Tabular Summary: in this
very general analysis, I have, with regard to the region of recovery, contented
myself with showing that the symptoms produced when atropia successfully
counteracts the lethal effect of physostigma vary greatly, according to the con-
ditions of administration. Successful antagonism is not necessarily accom-
panied with any special class of symptoms. It may be attended by a greater
prominence of the effects of atropia, but the same is true also of those of physo-
sticma.  And, further, it does not appear that any special action belonging to
one or other substance requires to be obviously or prominently produced, in
order that the antagonism shall be successful.

It is almost unnecessary to add, that the experiments in which recovery
oceurred differed much from each other in the severity of their symptoms. In
many experiments the animal was only slightly affected, and there was no
reason at any time to anticipate a fatal result; in others, however, symptoms
of a very serious character were developed, and in several cases it was for a
long time a matter of doubt whether the animal would recover.,

Combined Representation of the Three Series of Experiments.—In the three
series of experiments that have now been deseribed, I have demonstrated the
limits of antagonism between atropia and physostigma,—firstly, when atropia
15 administered five minutes before physostigma; secondly, when atropia is
administered five minutes after physostigma ; and thirdly, when atropia in
various doses is administered at various intervals of time before and after
one and a half times the minimume-lethal dose of physostigma.

In each series of experiments, of the three quantities (namely, dose of
physostigma, dose of atropia, and interval of time between the administration
of the substances) only two vary, and the results of any one series may there-
fore be represented by a diagram constructed on a plane.  Such diagrams have
been constructed, and were described when the several series of experiments
were being separately considered.

VOL. XXVI. PART IIL TU
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A combined representation of the results of the three series, involving, as it
must, three variable quantities, will be best effected by means of a model in
three dimensgions. Such a model may be constructed by bending wires into the
shape of the plane curves separating the pink and blue regiomns of Diagrams
1, 3, and 6, and fixing them in the manner to be described to two hoards placed
at right angles to one another. The wire of Diagram 1 may be called «, that of
Diagram 3 4, and that of Diagram 6 ¢, and the boards may be distinguished as
A and B. Wire # is to be so fixed to the boards that its plane shall be at
right angles to both of them, and intersect A in the position of the left-hand
margin, and B in that of the lower margin of Diagram 1.  Wire 4 is to be so fixed
to the boards that its plane shall be parallel to, and at a distance corresponding
to an interval of ten minutes from-that of @, and intersect A in the position of the
left-hand margin, and B in that of the lower margin of Diagram 3. Lastly, wire
¢ is to be so attached to wires « and &, that its plane shall be parallel to, and at
a distance corresponding to one and a half times the minimum-lethal dose of
physostigma from B, and interseet A in the position of the left-hand margin of
Diagram 6 and a plane parallel to and half way between the planes of « arl,nd b,
which may be called plane C, in the position of the line of simultaneous adminis-
tration.

The conditions represented by any point in the model may be found by draw-
ing from it perpendiculars to the planes A, B and C. The perpendicular upon A
represents the dose of atropia ; that upon B the dose of physostigma ; and that
upon C the interval of time between the administration of the two doses,
atropia being administered first where the point is on the one side, and physo-
stigma first when it is on the other side of the plane C.

Diagram 7 is an orthogonal projection of such a model, in which the
three variables are represented on a scale somewhat different from that of
Diagrams 1, 3, and 6 ; but this difference does not canse any difficulty in the re-
cognition of the corresponding parts. The continuous line @ « represents the
boundary of the region of recovery in the experiments where atropia was
administered five minutes befine physostigma (Series 1); the continuous line & &
the boundary of this region where atropia was administered five minutes after
physostigma (Series 2) ; and the dotted line ¢ &' & b a d the boundary of this
recsion where atropia was administered in various doses and at various intervals
of time before and after one and a half times the minimum-lethal dose of physo-
stigma (Series 3). It is obvious that these lines lie upon a curved surface, on
whose one side every point represents conditions leading to death, and on whose
other side every point represents conditions leading to recovery. The surface,
of course, cannot be fully known from the three sections of it that have been
obtained by these experiments. It could be known only by greatly increasing
the number of the experiments, so as to obtain a number of other eurves of




THE ACTIONS OF PHYSOSTIGMA AND ATROPIA. G615

perpendicular sections parallel to and on either side of 4 & and « «, and of
horizontal sections parallel to and below and above ¢ @' & b a d.  To obtain a

//Y

Dimgram 7.

This woodcut is an orthogenal projection of a model in which the curves separating the regions
of recovery and death in the three series of experiments are brought into proper relationship to each
other. The curve of the first series of experiments is represented by a o', that of the second series hy
B, and that of the thind serics by e a Wbad, Doses of physostigma are indieated by the distance
(parallel to the axis of z) from the plane Y O X ; doses of atropia, by the distance (parallel to the axis
of ) from the plane Z O Y ; and intervals of time between the administration of the two substances, by
the distance (parallel to the axis of ) from the plane Z O X, points on the Y side of this plane indi-
cating atropia administered defore physostigma, and points on the Y side indicating atropia administered
after physostizma,  The curve e o' & 5 o o interseets the ewrve o o at o and o, and the corve & & at
B and b ; the points a” and « indicating the positions respectively of the largest and the smallest doses
of sulphate of atropia that produce suceessful antagonism when administered five minutes before one
and a-half times the minimum-lethal dose of physostigma, and the points & & the positions respectively
of the largest and smallest doses of sulphate of atropia that produce suecessful amtazonism when
administered five minutes after this dose of physostigma.

In this lli.‘lgl‘:]m, the line e o & & oa o has been dravwn withont inkil!g into aceoint tle apparent [}' =
malous experiments already diseussed in page 602, The interrupted line e & oceupies the supposed posi
tion of a line that would represent the results of a series of experiments in which a fixed dose of
sulphate of atropia (5 graing per three pounds weight of animal), and varying doses of physostigma
were administered at varying intervals of time. Such a series of experiments has not been made,
but the points of intersection of this line with the lines B0, aa’, and e’ b bad ave fixed by the
position of the latter lines.

I am indebted to my friend Professor Crun Brows for the drawing from which this woodent has
been made, as well as for many valuable suggestions relative to the preparation of the other diagrams
in this paper.
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sufficient number of such curves, however, the labour and expenditure of time
would be very great, seeing that so large a number of experiments as two
hundred and seventy-six were made in order to obtain the curves represented
in the diagram. Besides, a tolerably accurate conception of the form of the
curved surface may be gained from the curves of the three series of experiments
that have been made.

In all probability the summit of this curved surface does not occupy an
elevation materially above that of the apex of the curve « o’ ; but if it reach a
higher elevation, the highest point will probably be situated at only a short
distance behind that apex. Trom the highest point the surface slopes gradually
to o ¢, somewhat steeply to & #, with decided steepness to & 8, and with still
areater steepness to b a.

The region included within this curved surface represents every possible
variation in the doses of atropia and physostigma and in the intervals of time
separating the administration of the two substances that is compatible with the
production of suceessful antagonism between physostigma and atropia.

(Zeneral Swmmary.—Althongh the above combined representation of the
three series of experiments in reality presents a complete summary of the more
important of the results that have been obtained, it may be convenient to briefly
recapitulate these results. At page 540, 1 have stated that the chief objects of
the research are to show that atropia possesses in a remarkable degree the
power of counteracting the lethal action of physostigma, and to examine the
extent of this power and define its limits,

The former object has been effected by a detailed account in Seetion A of
several experiments in which the fatal action of a dose of physostigma equal to
or greater than the minimum-lethal was prevented by the physiological action
of a non-lethal dose of atropia, as well as by a brief account in Section B, of
a larger number of similar experiments, which, however, are also deseribed
with greater detail in the Tabular Summary. The total number of these ex-
periments is one hundred and sixty one ; and in each of them the animal used
was killed many days afterwards, and when the effects of the two substances
had completely disappeared, by a dose of physostigma less than or only equal
to that from which it had previously recovered.

The examination of the extent of the counteracting influence of atropia upon
the lethal action of physostigma, as well as the defining of the limits of this
influence have been accomplished in the manner and with the results fully
described in Section B. By means of the three series of experiments contained
in this section, it has been ascertained what is the maximum dose of physo-
stigma that can be counteracted successfully by atropia, what are the doses of
atropia that can counteract any given dose of physostigma, and what relation-
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ship exists between the doses with which this mutual counteration oceurs and
the length of the interval of time by which the administration of atropia pre
cedes or follows that of physostigma.

In presence of the many obvious proofs to the contrary contained in this
paper, I have considered it superfluous to enter into any discussion of the
possibility of this counteraction being the result either of some chemical
reaction between atropia and physostigma, or of an increased rapidity in the
elimination of the one substance produced by the action of the other. The
conditions of the experiments, and the symptoms that were observed, render it
certain that atropia prevents the fatal effect of a lethal dose of physostigma
by so influencing the funetions of certain structures, as to prevent such modifi-
cations from being produced in them by physostigma as would result in death.
The one substance counteracts the action of the other; and the result is a
physiological antagonism so remarkable and decided, that the fatal effect even
of three and a half times the minimum-lethal dose of physostigma may be pre-
vented by atropia. The existence of such an antagonism encourages the hope
that the power of directly counteracting disease is far from unattaimable, and it
supplies a strong incentive to efforts designed to determine the conditions of
disease and the actions of remedies with an exactitude sufficient to show how
the remedial action may be applied as a counteracting influence to the diseased
condition.

Explanation of Tabular Summary, &.—In the Tabular Summary of Experi-
ments, with which this paper ends, I have included only those experiments that
are mentioned in Section B, and have endeavoured to state the leading condi-
tions and symptoms of each experiment in as brief a manner as possible. The
time of oceurrence of each symptom is computed from the moment when
the administration of the last-mentioned substance was commenced. It is
proper to explain, that in the column of effects on secretion and exeretion, the
phrase “slight increase of secretion of certain buccal glands™ implies merely
that such an increase was inferred from certain movements of the lips sug-
gestive of it; and that the phrase in the same column “with atropia
none” implies merely that there was no evidence of any obvious effect ; but it
does not imply that diminution of secretion or excretion did not occur—for in
such experiments the occurrence of this effect conld not without great difficulty
be certainly established. It will be observed that the size of the pupils is
always indicated by two measurements : the first mentioned being the size in a
perpendicular direction, and the second that in a horizontal one.

I have not considered it necessary to mention the symptoms that were
observed in the & experiments (where a lethal dose of physostigma alone was
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administered to an animal that had previously recovered from the combined
administration of atropia and physostigma) ; for the symptoms were always very
much the same, and a sufficient account of them bhas already been given in
Section A.  The & and & portions of each experiment in which they occur were
performed on the same animal.

According to the system of enumeration that has been followed, the number
of the experiments contained in this paper appears to be 331. This number,
however, does not adeqguately represent the labour involved in the research,
for it includes 159 experiments that consist of two parts (# and 4), and one that
consists of three parts (¢, band ¢); and as each of these parts is in reality a
separate experiment, the total number is 492,

All these experiments were performed in the Materia Medica Laboratory of
the University of Edinburgh, and I cannot sufliciently express my gratitude to
Sir Ropert Curistisox for having placed his laboratory at my disposal.

| This PPaper was received for publication on Friday, November 10th, 1871.
Since that time, several additions have been made to it by the Author, the
most important of which is the insertion of Diagram 7 and its accompanying
description.—J. H. B.  Marck 4th, 1872,
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DR THOMAS BE. FRASER ON PHYSOSTIGMA AND ATROPIA. 713

EXPLANATION OF PLATES XXIII, XXIV. AND XXV.

In each of the diagrams represented in these plates, the experiments that terminated in recovery
are marked by dots, and those that terminated in death by crosses ; and a line (distinguished in several
of the diagrams as a b ¢) has been drawn 20 as to separate the dots from the erosses. The area on
the side of the line where the dotz ocenr has been coloured pink, while the arcea on the side where
the crosses ceeur has been colowred blue ; and, accordingly, the pink arvea represents the region of
recovery, and the blue area the region of death. In the diagrams of Plates XX1IL and XXIV., the
red horizontal line indicates the position of the minimum-lethal dose of pliysostizma.

Prare XXIIL

IMagram 1 illustrates the first series of experiments, in which atropin in varying doses was administered
five minutes hefore varying doses of physostigma,

Diagram 2 illustrates the small portion of the first series that extends to "2 gr. of sulphate of atropia.
It is drawn on a different scale from Diagram 1, as each tenth of a grain of sulphate of
atropia is indicated by twenty in place of by two subdivisions of the horizontal lines,

Diagram 3 illustrates the second series of experiments, in which atropia in varying doses was adminis-
terod five minutes effer varying doses of ph_],'susl.i;,:]ua,

Dingram 4 illustrates the small portion of the secomd series of experiments that extends to 2 gr. of
sulphate of atropia; and the seale on which it has been drawn differs from that of
Dijagram 3 to the same extent as the seale of Diagram 2 differs from that of DHagram 1.

Diagrams 1 and 3 are mainly designed to illustrate the experiments extending from the minimum.
lethal dose of physostigma to the largest dose that can be eounteracted snecessfully by atropia.  They
have been drawn on the same scale in order that the resalts of the two series of experiments represented
|1-:,r them may b t!ulllp:ln}{]. I}iugmms Zand 4 exhibit the course of the line o b in the hrst and second
series of experiments rcr.-almn.’:l,[".‘u];-;, with greater distinetness and accuracy than Diagrams 1 and 3.

Prate XXIV.

Ui:lgm’lll O illustrates the fivst servies of Expurilm‘!'uiﬁ: bt it differs from |}iil::rﬂl:15 1 and 2 in so far that
the entire region of recovery (pink) iz represented, amd that each subdivision of the
horizontal lines indicatez & tenth in place of a twenticth of a grain of sulphate of atropia,
The perpendicular red line mavks the position of the minimum-lethal dose of sulphate of
:I.l:.]'h’,ll'l-i:!..

The main purpose of this diagram is to show what combinations of atropia with less than the
minimuaim-lethal dose of physostizma are able to produce death.  These combinations are represented
in the blue region below the red horizontal line

Frate XXV,

Diagram 6 illustrates the thind series of experiments, in which the dose of physostigma was constant
[;-,'um-. amd @ hall times the minimum-=lethal dlm.'], while the dose of :llm]ri:l andd the i
terval of time varied.  In this diagram, as in Disgrams 1 and 3, each subdivision of the
Lorizontal lines represents one-twentieth of & gmin of sulphate of atropia.  The intervals
of time are represented by distance in a perpendicnlar divection from the thick horvizontal
line, which imdicates the zero interval or simultaneouws administration ; and points below
thas line imdicate :Llru]ri:l addminiztered rr_ﬂa-r ]lllj.'::tjsalfgjlln: while '[Jfl'i]llh' abwove it indicate
atropin administered before physostigma.
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