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Hence, putting A for a in the integrated result above, we have
for the potential at ¢

Qra/ oFA —a'TA ,
'I‘A € —€ !"J‘n"

That this may be constant, =27« V suppose, so long as Ty < a.
we must have

('TA)V = T [([‘ (T + )= ('~ —u}("w——'l',,')];

which gives at once

Vo= constant = 2 suppose
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and

Fa - 1
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’

the gravitation law.

And as the operator hecomes, for T a, by expansion
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wBxperimeiitaliResearch on  the Antagonism between

ithié"Actions of Physostigma and Atropla By Dr Thomas;-

QYRV Fraser. (With a diagram.)
(Abslra('l.)

In a Preliminary Note, read before this Society on the S1st of
May 1869 (see Proceedings), a number of experiments were de-
scribed, which proved that the lethal action of certain doses of
pbysostigma can be prevented by the administration of atropia.*

* June 1871.— While this Abstract is passing through the press, the author

has received a paper by M. Bourneville, in which the above result is satisfac-
torily confirmed by experiments on guinea-pigs.
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Further, it was pointed ont, that antagonism hetween any two sub-
stances, in the senze of the Tethal action of the one heing preventible
Ly the phivsialogical aetion of the ather, had not previously heen
shown to exist by any certain and =ati=factory evidence.  In the
varions instances where experiment seenied to indicate the existence
of sueh an antagonisi, suflicient proof was not given that the dose
of the substance whoseaction appeared to he antagonised wagcertainly
a lethal one. The conflicting opinions and doubts this fallacy has
eiven orizin {o, have induced the author to follow a plan whereby
it may he completely avoided,

[ the fivsd place. the minimum fatal dose of physosticma for the
species of animal cinployed was aceurately determined by a number
of preliminary experiments: so that the weight of the animal being
ascertained, i wax an casy matter to he certain of the dose that
could kil it. Then, in those experiments where an animal re-
covered after the administration of wdose of atropia given in com-
bination with a dose of physosticma, cqual o or in excess of the
minimum fatal, (0 was Killed many davs alterwardscand when the
efleets ol the two substances had completely disappeared, by a dose
of phy=oxticmae equal to or less than that frone which it had pre-
viously vecovered.  Therefore, achen the administralion of atiopta
precenied an otherwise fatal dose of physostignue from equsing deadl,
a pecfect demonstration awas obtained of the power of alropiu to pro-
duce some plysiologieal action or actions thal counteracted some other-
wise lethal aelion or aclions of phiysostiyme.

In the prebimivary note refereed o) it was sugeested that, as
loth atropin and physostigma are capable of producing a number
of dilferent actions, several of which may not he mutnally antago-
nistic, and that, as both substances are capalile of producing several
actions of asimilar kind, considerably less potent to cause death than
those by which their fatal eflects arve usnally induced, it would pro-
bably be found that a region exists where the non-antagonised and
the similar actions are present in suflicient degrees of activity to he
themselves able to produce fatal vesults.  This anticipation has
proved to be correct. A large number of experiments have been
made, by which the region of the successful antagonism of fatal
doses of physostigma has been delined with considerable exactness.
The smallest and the Jargest doses of atropia that are able to pre-
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vent death after the administration of different fatal doses of
physostigma, anid the maximum fatal dose of physostigma that i
capable of heing rendered non-fatal by atropia were ascertained, aund
it was found that heyond these various points death may he pro-
duced by combined doses of the two substances, cither by somo
nou-antagonised action belonging to one or other of them, or by a
combination of similar actions belonging to hoth.

As the above results could be obtamed only by performing
a very luge number of experiments, rabbits were the animals
selected, it being impossible to obtain a sufficient vumber of dogs,
or other convenient avimal.  The weight of animal cmployed was,
as nearly as possible, three pounds; and when below or i exeess
of this a correction was male, so that cach dose represented three
pounds weight of animal.

Lu one portion of this investigation, experinents were performed
in which physostigma was given five minutes alter atropia, hoth
substaunces heing injected under the skin. Tn the first servies the
dose of physostigma was the minimum fatal; and the doses of
atropia ranged from one that was too small to prevent the lethal
action of this dose of physostigma, through a number of gradually
imcreasing doses of atropia that were able to prevent death, until a
dose was found whose administration resulted in death.  Similar
series of experiments were made with doses of physostigma one and
a-half tiwes, twice, two and a-half times, thrice, and three and
a-half times as large as the minimum fatal.  Widh the minimum
fatal dose of physostigina, it was found that while -01 grain of
atropia i1s too small to prevent death, “015 grain is able to do so;
and that with any dose ranging from 015 grain to 52 grains the
lethal effect of this dose of physostigma may be prevented ; while
if the dose of atropia be 53 grains or more, the region of successful
anlagonism is left, and death occurs. With one and a-half times
the minimum fatal dose of physostigma, successful antagonism was
produced with doses of atropia ranging from 02 grain to 42
grains; with twice the minimum fatal of physostigma, with doses
of atropia ranging from 025 grain to 3-2 grains; with two and a-
half times the minimum fatal of phyzostigma, with doses of atropia
ranging {rom 035 grains to 2-2 grains; with thrice the minimum

fatal of physostigma, with doses of atropia ranging from 006 grain
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to 1-2 grain; and with three and a-half times the minimum fatal
dose of physostigma, with doses of atropia ranging from -1 grain to
‘2 grain.  Successful antagonism could not be obtained above this
dose, and, accordingly, three and a-half times the minimum fatal
dose of physostigma would appear to be about the largest quantity
whose lethal action may be prevented hy administering atropia
five minutes previously.

A similar series of experiments has been made, in which phy-
sostigma was administered five minutes hefore atropia, and the
results were essentially the same, excepting that the region of suc-
cessful antagonism was found to he more limited.

These results may be graphically vepresented by means of
diagrams. The diagram accompanying this abstract is a reduced
copy of one exhibited hy the author to illustrate the series of ex-
periments above described, in which atropia was administered five
minutes before physostigma.  The experiments that terminated in
death are marked by crosses, and those that terminated in recovery
by dots, while the position assigned to cach experiment is deter-
mined hy the doses of physostigma and atropia, caleulated, when
necessary, for three pounds weight of rabbit. The doses of atropia
increase according to the distance, in a horizontal direction, from
the perpendicular line forming the left margin of the diagram, and
the increase proceeds al the rate of one-tenth of a grain for each
subdivision of the liorizontal lines. The doses of physostigma
increase from below upwards, the same horizontal line always
representing the same dose of physostigma. The curved line,
a b c, separates the fatal experiments (crosses) from those which
terminated in recovery (dots), and, accordingly, it defines the region
of successful antagonism—a region further distinguished in the
diagram by the absence of shading. The darkly shaded region is

that in which antagonism is not successful, death being produced
because the doses of atropia given in combination with one or
other of the doses of physostigma employed are either too small or
too large. 1In the lightly shaded region, below the horizontal line
representing the minimum fatal dose of physostigma, the doses of
physostigma are too small of themselves to cause death. The
lateral extension of the diagram is, however, insufficient to exhibit
the chief interest of this region. Were the diagram extended, it
VOL. vII. R



510 DProceedings of the Royal Society

would show that fatal experiments occur in this region, not only

with fatal doses of atropia given in combination with less than

fatal doses of physostigma, but also with less than fatal doses
of atropia given in combination with less than fatal doses of
physostigma.

In this manner, the entire superficial arca of the region of sne-
cessful antagonism has been defined, when physostigma is given
five minutes after and five minutes bhefore atropia.  In addi-
tion to this, what may be termed the thiclness of the region
has been determined. For this purpose, scries of experiments
were made, in each of which the doses of physostiema were the
same, and the doses of atropia varied: while with cach dose of
atropia, several experiments were made which difiered from each
other by a difference in the interval of time between the adminis-
tration of the two substances. Irom the data thus oblained, curves
have been constructed; the dose of physostigma scrving as the
base-line, the various doses of atropia as the abscizse, and the dif-
ferent intervals of time that separate successful from nnsuccessful
experiments as the summits of the ordinates.  When these curves
are brought into relation with a diagram of the superficial areca of
the region of successful antagonism, in such a manner that the
base-lines, representing the doses of physostigma, correspond to
each other, and that the ordinates of these curves extend at right
angles to those in the diagram of the superficial arca, the lateral
extension of the region of successful antagonism may he defined.
In this way, its lateral as well as its superficial extent has been
indicated with atropia and physostigma.

After defining the superficial arca and the thickness of the
region of successful antagonism, it secemed of interest to ascertain
what dose of atropia is required to produce death with a dose of
physostigma below the minimum fatal. The experiments per-
formed for this purpose show that when one-half of the minimum
fatal dose of physostigma is given five minutes after atropia, s0
large a dose of the latter substance as 9'8 grains is required in
order to cause death; recovery taking place with doses ranging
from 3 to 9'5 grains. )

The minimum fatal dose of sulphate of atropia given alone was
found to be twenty-one grains for a rabbit weighing three pounds.
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1t is, thercfore, remarkable that the ._,gﬁ.l,lfs of a grain can prev?n:
a dose of physostigma, equal to the minimum fatal, from.causmD
death, and that the yi5th of a grain is capahle of rendel.mg nnln—
fatal a dose of physostigma, equal to three and a-half times the
minimum fatal. . -
Exeepting dilatation of the pupilg, thes.n 'mmutc doses of a .roph}
and indeed any dose capable of antagonising the lethal act1.0n o
physostigma, are unable to produce any s.ymptnm recognl;s&l‘):c
by a mere inspeetion of the animal. 5%111, they undou .m; )
produce energetie physiological ellects—eflects, however, wl.ncn it
is wnnecessary to describe in this brief abstract. It is sufficient to
point ont that the potion, which exists in many quarters, that
rabbits can scarcely he affected hy atropia is an (:\'1’()!\00}15.0116. .
Without referring to the other results obtained in his investiga-
tion, the author pointed out, in conclusion, that 1]1]105'8 the. anta
eonism between any two active substances be examined in an‘
.l‘llilllllt‘l' indicaled in this communication, 1o salisfictory l»rnof.o(
its existence can he obtained.  The superficial area of the rcg.lon
should always be defined. otherwise indicntfolns oi: aniagonism
obtained hy one observer will be liable to be diseredited by those
who subsequently examine the subject. The first ohserver may1
succeed in performing an experiment within t.he arca of suc.cessfu
antagonism, and thus feel satisfied of its existence; .lMt bis suc-
cossors may fail in obtaining any proof by so \‘arymg. the dosc
of one or other substance as to pass the limits of the region of suc-
coss (see diagram). Feeling assured that many uxam]_»l'us (Tf success-
ful antagonism, besides the one he hiad the bonour of bringing l‘)efore.
the Society, will yet be discovered, the author conl‘d nf)t {L\'l-)ld the
eonclusion that the imperfect methods of investigation hitherto
pursued are accountable for the ahsence of success that h.ns at.tended
tho mumerons rescarches made on this subject—a subject, it need
scarcely be added, of the greatest importance to toxicology and to

scientific therapeutics.



