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Observations on the Modus Operandi of Opium. 
[ Continued from Vol. VII. p. 137. ] 

A S I have not repeated the experiments with which I con- 
cluded my laft paper, I fhall only obferve, at prefent, that 
Should they be confirmed by future experiments, we {hall be 
authorized to conclude, that opium, introduced into the fyftcm, 
through the medium of the abforbents, operates direflly as a 

fedative,* 
I am 

EITiv or, 
y following note which occurs in p. 33, of Dr. Wilfon's 

y piunij and which I muft have overlooked at the time, 
that Dr. 

Alexander 
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I am now to proceed in endeavouring to prove that opium 
does not a& as a ftimulant. 
The gth Experiment*" is liable to the fame objections as the 

iff, 2d, 3d, and 4th. 
Exp. 10.f " Through a very fmall opening, I injected into 

the cavity of the abdomen of a rabbit about half an ounce of 

the fame aqueous folution, preventing as much as poffible the 
admiffion of air. Twenty minutes after the animal was open- 
ed, and the furface of the inteftines appeared much more red 
than ufual, and apparently inflamed." 

So far is this experiment from proving that opium is a fti- 
mulant, when all the effects which follow its exhibition in this 

"way are confidered, that it would have been extremely diffi- 
cult to have adduced any thing more unfavourable to that 

opinion. 
It has been proved by experiments made on an extenfive 

fcale, on different animals, and by fome of the ?rft Phyfiolo- 
gifts of the age, that by inje&ing a folution of opium into the 
cavity of the abdomen, the fenfibility, irritability, and mobi- 
lity are diminished in a very remarkable degree ; effects which 

cannot be owing to a stimulant property in the medicine, as 
they are not preceded by any fymptom of increafed adtion or 
excitement. The primary effedt it produces, is a diminution 
in the frequency and force of the pulfations of the heart and 

arteries; the animals foon become torpid and languid, and con- 
tinue in this ftate as long as life remains. 
The following experiment is taken from Dr. \VhyttJs Ef- 

fay on Opium,J " The fame young gentleman, Mr. Ramfay, 
at my delire, made the following experiment. On the 9th ot 
April, 1755, after making an opening into the cavity of the 
abdomen of the dog on whom the laft experiment was made, 
he inje&ed by the wound a drachm of opium diffolved in two 

ounces and a half of water; but before he could ft itch up the 

wound, about an ounce of the folution efcaped. The dog loft 
the power of his hinder limbs almoft instantaneously. Two 
minutes after the injection was made he began to be convulfed ; 

and 

Alexander does not alTert that opium applied externally is never abforbedj 
which might be interred from a remark which occurs in my lait paper. Med. 
and Phyl. Journal, Numb, xxxvi, p. 125. 

" Dr. Alexander was led 
from bis experiments on this head, to conclude upon the whole, that although 
y/e cannot politively affert that opium is not abforbed, yet we have no proof 
of its being fo, at leaft to fuch a degree as to kill." I am forry I did not find 
put the miltake in time to correal it. 

* Inquiry, p. 54. 
f Inquiry, p 54, 55- 

' 

J Eff. & Obf, Phyl", & Lit. Vol.11, p. 3x7?329. 
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2nd in two minutes more, after having raifed himfelf upon his 
fore-legs, he fell down fenfelefs. At this time Mr. R. laid 
"are the thorax, by differing oft the teguments, which did not 
seem to give the dog any pain; and could plainly feel the mo- 
tion of his heart through the pleura; it. beat 76 times in a 
minute, but became gradually flower.* 
" 

Immediately after counting the pulfe, Mr. R. cut the ribs 
?n each fide of the fternum, which he laid back in the ufual 

Way. The heart, which was thus brought in view, appeared 
quite turgid, and continued in motion about five minutes; 

during which time it performed only between 60 and 65 weak 
vibrations ; for they were not compleat contractions. While 
the heart was thus moving, warm faliva was firft applied to it, 
then cold water, and laft of all oil of vitriol; which Ihrivelied 
the parts it touched almoft in the fame manner as a hot iron 
^ould have done; but none of them accelerated the heart's 

Vibrations, which became gradually slower, till they ceased alto- 
gether, The fibres of fame of the intercoftal mufcles on the' 
right fide of the fternum, continued to be agitated with a weak 
tremulous motion near half an hour after the injection was 
made into the abdo?nen\ but the intercoftal mufcles attached to 

the ribs, on the fides of the thorax, were not obferved to 

move, nor did the diaphragm make any motion when its fibres 
Were pricked or cut. 

" Nothing remarkable was seen in the abdomen ; only, although 
it was opened ten minutes after making the inje&ion, the in- 
testines bad no motion ; whereas, in another young dog, which 
had got no opium, Mr. Ramsay observed the peristaltic motion 
continue half an hour after laying open the thorax. 

4t The dog loft little or no blood in making the wound into 
his abdomen, nor were any of his bowels hurt by it." 
The experiments I fhall next introduce are from Dr. Monro's 

Effay on Opium.f They are, if poffible, ftill more decifive 
*n proving the directly fedative properties of opium. 

" To determine this queftion fatisfaftorily, it was neceffary 
to difcover fome other way in which the animal could much 
more quickly be afFe&ed to a violent degree. This I found 

might be done by pouring thirty drops of the folution of opi- 
um, through a fmall hole, into the cavity of the abdomen. J 

, (Sevek 

* The dog's heart, in a natural fhte, and before the injection of the fo- 
lution of opium, heat 150 in the minute. 

f Eff.&Obf. Ph. &Lit. Vol. III. JV3*7? 318. 
t " Like to what Drs, Langrilh and Whytt had obferved of lauro cetafus 

and opium on dogs." 
" 
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( Seven Trials. ) 
tc For in two minutes thereafter the heart did not beat abovi 

half its usual number of times in a tninute, and after four or 

five minutes, not above a third part of the usual number ; and, 
on examining the foot with the microfcope, I found that the 

blood in its veflels had entirely ceased from motion* 
And now the whole mufcles were repeatedly convulfed, and the 
limbs extended, fo as to render the animal unable to move out of 
the place where it lay.* 

After a quarter of an hour it fcarcely difcovered any outward 
fign of life, though the heart was found to contrail feebly about 
ten times in a tninute Jive or six hours thereafter 

Dr. Wilfon has been at confiderable pains to afcertain in 
what manner opium adls in producing the abovementioned phe- 
nomena, and has happily fucceeded.f 

I lhall only make fuch extracts from his Work, as are ne- 
ceflary to confirm and elucidate the experiments I have juft 
cited. 
" I therefore repeated Dr. Monro's experiment more than 

once, but found the refult as he has ftated it. The beating of 
the heart became less frequent, almost immediately, on 

injecting the solution into the cavity of the abdomen." P. 58. 
Thefe circumftances led me to confider, whether or not 

there is any other way in which a folution of opium, injected 
into the cavity of the abdomen, can be fuppofed to influence 
the motion of the heart, belides through the medium of the 
nervous fyftem, or that of the abforbents. 

" A conjecture occurred to me, which is confirmed by fe~ 
veral of the following experiments, namely, that opium applied 
to the coats of the blood veflels, by deftroying their mufcular 
power, (opium-y it was founds destroys the power of aSiion in all 
muscles to which it is immediately applied) muft aft eft the circu- 
lation in thefe veflels; and, confequently, thrown into the ca- 
vity of the abdomen, influence the motion of the heart by im- 
peding or entirely interrupting that of the blood, in nearly one 
third of the whole animal; by which the fupply to the heart is 
diminiflied, and a greater than ufual obftacle oppofed to its 

perfect evacuation. 
" The firft circumftance, then", to be afcertained, is, whe- 

ther opium applied immediately, or nearly fo, to the blood vef- 
fels.of a living animal, impedes or wholly interrupts the circu- 

lation 

* Frogs .were the fubjefts of thefe experiments, 
-J- Eflay on Opium, p. 57 ~? 69. 
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^tion in thofe veflels, independent of any general affe&ion of 
thefyftem? 

. 

" It is to be obferved, that in the following experiment, the 
is not applied immediately to the coats of the blood- 

Veue!s, but injected into a cavity, between which and 
thefe 

a denfe membrane of cellular fubftance is interpofed. 

| fcin of a frog, except in a few places, (chiefly the joints) 
0es not adhere to the parts which lie beneath it. 
<c 

Having adapted the web of a frog's foot to a microfcope, 
* mje&ed eight or ten drops of a folution (nearly as ftrong as 
the ftronger folution) under the fkin of the leg. 

" In a few seconds the circulation leca7ne languid, and no mo- 
toon could be perceived in some of the larger blood-vessels. It 

>gradually became more obscure in the rest, ////, in the space of 
about two or three minutes after the injeflion of the opium, it 

ceased altogether. Nor did this interruption of the circulation 
Proceed from any general affe&ion of the fyftem, fince the mo- 
tion of the blood {till continued in the other foot. 

u Left it might be fufpe?ted, that in applying the foot to the 
mflrument the veffels were compreffed, it is proper to obferve, 
that the circulation in the foot, after it was applied to the mi- 
crofcope, continued as vigorous as natural, till the folution was 

injected. On another occafion, indeed, I have obferved the 
circulation in the foot of a frog, applied in the fame way to the 
fame microfcope, vigorous for feveral hours. 
u This experiment was made three times, in the fame man<- 

ner, and with the fame refult. 
" After determining that opium is capable of interrupting 

the circulation in the part to which it is immediately applied, 
independent of any general affection of the fyftem; all that is 

neceffary, in order to afcertain whether it is in this way that it 

Suddenly affe?ts the motion of the heart, when thrown into the 
?cavity of the abdomen, is to interrupt the circulation, and ob- 
serve the effefts of this drug, applied in the fame way, when it 
can only aft on diftant parts, through the medium of the nerv- 
ous fyftem." P. 59?63. 
A particular account of the experiments immediately fuc- 

ceeds (p. 64?68.) The following is the conclufion they fug- 
geft. 
u The inference from thefe experiments is, that the dimi- 

nished frequency of the heart's motion, observed almost immediately 
on throwing a solution of opium into the cavity of the abdomen, 
does not proceed from any action of the opium on this organ, through 
the medium of the nervous system, but from its impeding or entire- 
ly interrupting the circulation in nearly one-third of the whole 
animalP. 68, 69. 

numb, xxxviii, Y y Effefts 
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Effects nearly fimilar were obferved to refult from inje&ing.' 
opium into the abdominal cavity of guinea-pigs, by the Abbe 
Montana. 

His words are, " Thofe into the bellies of which the aque- 
ous folution of opium was injected, died in lefs than two 

hours: They lost the greater part of their motion in less than 

half an hour, and were violently convulfed."* 
On fumming up the evidence derived from the above experi- 

ments, it appears that opium injected into the cavity of the 

abdomen of different animals deprives them of voluntary motion 
almost instantaneously; that it impedes or interrupts the circular 
tion of the bloody in the vessels of the abdominal viscera ; the pul- 
sations of the heart almost immediately become feeble and sloWy 
and the circulation of the blood ceases in the extremities ; the pe- 
ristaltic motion of the intestines is retarded and destroyed: The 
sensibility and irritability are impaired to such a degree, that 
the dog, in Mr. Ramfay's experiments, did not seem to feel any 
pain when that gentleman laid bare the thorax, by disseising off 
the teguments, though the heart was beating 76 times in a mi- 
nute at the time; nor did the diaphragm make any motion when 
its fibres were pricked or cut. 

Dr. Crumpe's view in making the experiment feems evi- 
dently to have been, to obferve the local appearances refulting 
from the application of a folution of opium to a tender irrita- 
ble furface; and this accounts for his omitting to notice any 
other circumftance. But after having proved to a demonstration, 
that the primary and general operation of opium inje&ed into 
the cavity of the abdomen is directly and powerfully 
sedative (both the voluntary and involuntary motions yield- 
ing to its influence) it necefiarily follows, that the increased 
redness and apparent inflammation f could not have been the 
confequence of the opium having a&ed as a ftimulant, unlefs 
we fuppofe that it a?ts as a ftimulant and a fedative at the same 

time, which would be abfurd j and, indeed, Dr. Crumpe has 
fliewn that idea to be unfounded, j 

As 

'* Treatife on Poifons, Vol, ii. p. 363. (Skinner's tranflation.) 
f Thefe appearances fee in not to have occurred in Mr. Ramfay's expe- 

riment. Dr. Whytt fays, nothing remarkable was feen in the abdomen; 
only, although it was opened ten minutes (20 minutes had elapfed in Dr. 

Crutnpe's experiment) alter making the injection, the inteftines had no mo- 
tion. ^ 

J << It is in the fijft place to be remarked, that opium cannot be fepa- 
rated into any two principles, endowed folely with the oppolite qualities of 

a ftimulant and fedative, as will be leen by recurring to the chapter in 
which 
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As they cannot be explained therefore by fuppofing the mo- 
dus operandi of opium to be ftimiilant, it may be worth while 
to enquire, whether they do not admit of a latisfa&ory expia- 
tion, by fuppofing it to aft as a fedative^ 
We have feen, that opium destroys the muscular power of the 

coats of the blood vesselsy though it is not applied immediately 
10 their coats, but injected into a cavity, between which and 
thefe veffels, a denfe membrane of cellular fubftance is inter- 
pofed.* 

It therefore follows, from the unequivocal manner in which 
this medicine a?ts, that this effect will be produced in a greater 
degree, when the folution is applied immediately, or nearly fo, to 
their coats, as it is to thofe of the peritoneum when injected 
*nto the cavity of the abdomen; confequcntly, the veffels hav- 

Jng loft their tone as well as their attion, they will appear en- 
larged, and more red than ufual: Veffels which were before 
inviGble to the naked eye, will now be readily diftinguilhed, 

the parts may thus affume an inflamed appearance, fimilar 
to what takes place when an aqueous folution of opium is 
applied to the tunica fclerotica of a found eye, or to the cutis, 
recently deprived of the cuticuia. 
The above explanation was fuggefted by the experiments 

Which have been adduced to prove, that opium injedted into the 
cavity of the abdomen does not a?l as a ftimulant: It has one 

advantage, (a negative one to be fure) it is not at variance with 
established fails ; but however unfatisfa&ory it may be deemed, 
that will not tend to invalidate either the experiments or the 

arguments which have been employed. 

which its analyiis is contained. The principal argument on which thofe 
who attribute to this medicine both ftimulant and iedative Qualities rely, is 

deduced from its being found nril to increafe, and afterwards dirninifti the 
frequency of the pulfe: But, as will be hereafter (hown, this effeft can bef 
explained in a much more fatisfaftoty manner, fo that there is no neceffity of 
relenting in this cafe to a fuppofition, rendered highly improbable from con- 
sidering, that'we know of no limple in the whole Materia Medica poffeffed of 
powers in their nature oppofite, and operating, when it is exhibited, fepa- 
rately and diftinftly. But even granting that opium is endowed with thefe 

contrary qualities, it will be difficult to explain on fuch data the coftfe- 
Suences of its exhibition; for as'the effeft s of fuch principles are lappofed 
to be diametrically oppofite, it naturally follows that one mud counteract 
the other; and hence, if both exift in equal proportions,-, the medicine would 
turn out perfectly inert; if one preponderates, it will aft folely in conlc- 

quence of the excefs of that principle ; and to it alone, whether ftimulant or 
Iedative, will all its piFefts be afcribable." Inquiry, p. 167, 168. 

* Wilfon's EfTay on Opium, p. 60?63. 

Yy 2 ?xr> 
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Exp. ii.* " I raifed the fternum and laid bare the contents 
of the thofax of a dog which had been juft hanged ; the heart 
was ftill contracting, but in a very irregular manner. I open- 
ed the pericardium and waited till all contraction ceafed, and 
then let fall on it a few drops of the aqueous folution, milk 
warm. The contractions were inftantly renewed and conti- 
nued for about a minute, and the furface of the heart became 

unufually red. Upon the contractions ceafing, they were again 
?renewed, but for a fhort time, by a fimilar application : A 
third attempt was ineffectual; but on injecting a fmall quantity 
into the fuperior venous finus, the whole heart was again 
thrown into aCtion, which continued for a fhort time, and was 
the laft effort it could be roufed to. I made a fimilar experi- 
ment with plain warm water. Its firft application produced 
a flight renewal of the heart's contractions, the fecond and 
third were ineffectual." 

Here fome other caufe muff have been applied, that alleged 
?being inadequate to the effeCts produced. 

" I opened the pericardium (fays Dr. Crumpe) and waited 
till all contraction ceafed, and then let fall on it a fnv drop 
?of the aqueous folution, milk warm. The contractions were 

instantly renewed, &c." 
Now it is a well-known faCt, that the fhock occafioned by 

allowing any liquid to fall upon a part poffeiling feniibility is a 

powerful stimulus; befides, is it probable that a few drop of a 
folution of opium, containing five-eighths of a grain to ten drcps 
'of water, f could produce any sensible effeft, applied to the ex- 

ternal furface of the heart of a dog, in the fituation here de- 

fcribed, (whatever may be the modus operandi) if applied with- 
out the addition of jnechanical force ? 

" Upon the contractions ceafing, they were again renewed, 
but for a Ihort time, by a fimilar application : A third attempt 
was ineffectual; but on in] effing a small quantity into the superior 
ivenous sinus, the whole heart was again thrown into action, which 
continued for a fhort time, and was the laft effort it could be 
roused to." 

I fhall be able to adduce the molt pofitive and unequivocal 
proofs, that an aqueous folution of opium applied to the in- 
ternal furface of the hearts of frogs, (no mechanical force being 
superadded) instantly puts a stop to their contractions. 

Dr. 

* Inquiry, p. 55, 56. 
?J- " This folution, and that ufed in all the fucceeding experiments, 

made by diflolving opium in warm water, in the'proportion of one drachm 
of the former 10 two ounces of the latter." Inquiry, p. 24. 
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Dr. Crumpe adds, " I made a fimilar experiment' with plain 
Vv'arm water. Its first application produced a slight renewal of 
Je heart1 s contractions; the fecond and third were ineffectual. 

^ 
And the inference he draws from this experiment is, that 

Dropped on the hearts of animals, it accelerates their motions 
cr rouses them into action if they have previously ceased to vi- 
brate." p. 169. 
And yet the only inference that can be drawn from the 3,ot^ 

experiment, (p. 129, 130) and which Dr. Crumpe evidently 
Jntends his readers to draw from it, is, that opium ditninisbes 
the irritability and power of motion in the hearts of frogs, 
when applied to them immediately after their feparation from 
the body. But I {hall give the experiment and his arguments, 
Verbatim. 
F on tan a concludes from experiments related in his Supple- 

ment, that, " The hearts of animals taken from the body, 
and confequently deprived of blood, when immerfed in watery 
Solutions of opium, are not deprived of irritability and the 
power of motion, fooner than hearts immerfed in pure water."* 

" This fact (fays Dr. Crumpe) I am under the necefiity pf 
denying, although the learned Haller is of the opinion, as well 
as the Abbe Fontana. Whytt afferts, from the refult of feven 
experiments which he particularly details, that the irritability 
and motive faculty of the heart is, as well as that of other jnus- 
cles, destroyed by opium.f In determining this point, it is 
to be obferved, that if the hearts of a number of frogs, thfc 
animals on which fuch experiments are ufually made, be fepa- 
rated from the body, though no application whatever be made 
to any of them, fowne will die, or lo(e their irritability, many 
minutes before others. It is therefore only from many expe- 
riments, and from taking a general view of the whole, that 
"We can determine the point in queftion; and after having tried 
the experiment upon a great number of hearts, I do not hefi- 
tate to declare, that the irritability of that organ is destroyed by 
opium, long before it would naturally disappear. J think I have 
in general obferved, that the larger the animal, the longer 
does its heart, when feparated from the body, continue to vi- 
brate j and in comparing the effects of plain water and opium, 

we 

* It has been fully ascertained by experiments made both before and fince, 
that this conclufion of Fontana's is erroneous; but this very circumitancc 
.(as mult by this time appear, and will be fliewn more fully afterwards) 
throws another insurmountable difficulty into the way of Doctor Crumps s 
Theory. 
t ?? Effays Ph. & Lit. V. ii. Art. xx.u 
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we fhould, as nearly as poflible, match the hearts employed in 
fize. The liquors Ihould alfo be of the fame temperatures, as 

a variation in this point will occafion a manifeft difference. 
With thefe precautions in view were the experiments 

above-mentioned conducted. The following are the particular 
refults of the laft inflituted on the fubjetl." 
Exp. 30. 

" Having taken three frOgs, one of a very large, 
another of the middle, and the third of rather a fmall fise, I fe- 
parated the hearts from their bodies, and immerfed them in 

pure water. The flrft lived forty-five minutes ; the fecond and 
third forty minutes. Immerfing the hearts of three frogs, of 
nearly equal fizes, in a watery folution of opium; the firft lived 
but twenty minutes, the fecond eleven, the third fcarcely ten 
Inquiry, p. 127, 130. 

After what has been advanced, it mud appear fufficiently 
evident, that on the prefent occafion there is a want of confifl- 
cncy in Dr. Crumpe's arguments; and the following experi- 
ments (hew, in a clear and decifive manner, how far his 11 tlx 

experiment is capable either of elucidating the fubjedl of the 
modus operandi of opium, or of fupporting the theory for 
which Dr. C. contends. 
" It remains to examine (fays Dr. Monro) how far animals 

are affected by the abforption of opium, and its mixture with 
their circulated blood. 
" But previous to this inquiry, I thought it might be of ufc 

to know what effedt opium has when applied to the heart and 
vafcular fyftem. 

( Four Trials. ) 
I therefore laid bare the heart, and then inje&ed into a large 

vein, which runs along the under middle part of the abdomen 
on the outer fide of the peritoneum, a few drops of the folu- 
tion,* viz. twelve drops into that vein of two frogs, and fix 
into that of two others; and obferved, that as soon as the 
solution had entered the ventricle of the heart, that organ was 
rendered incapable of expelling its contents ; and, in much less 
than one minute thereafter, became so entirely paralytic as not 

to make the least contraction on the strongest irritation, whether 

applied to its outer or inner part', whilft, at the fame time, the 
extremities were agitated inceffantly with convulfions, which 
continued for about three-quarters of an hour, gradually be- 
coming more and more feeble; nor was the animal able to per- 
form any voluntary motion during this whole period. 

lt Remarks. 

Confuting of a drachm of opium to an ounce of water. 
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- 
<c Remarks. 

tc 1. When we compare that part of the foregoing experi-- 
ment which relates to the heart, with fome experiments made 
by Dr. Whytt, when the opium was applied to its outer part, 
we fee how greatly the delicacy of feeling of the inner fide of 

the heart exceeds that of its outer fide. 
" 2. We learn that the heart is fo far from being exempted 

from the infiuence of opium, as the learned Dr. Haller fup- 
pofes, that, perhaps, no muscle of the body can by any means be 

?proved, to be so much under its dominion as the heart, when the 

opium is brought into contact with its inner side j in which way 
it will be applied if abforbed."* 

The following experiments are equally applicable to the 

prefent purpofe, 
" After fecuring the aorta by ligature in twelve frogs of dif- 

ferent fizes, a few drops of the ftrong folution of opium was 
injected into the heart of each. It immediately ceased moving. 
This, however, was not followed by the flighteft convulfion in 
any part of the body. 
" The frogs all died in exadlly the fame manner as thefe 

animals do when the heart is cut out; that is, when the circu- 
lation is interrupted, and when they lofe as much blood as in 
this experiment, 
" I could not perceive that the injection of the folution had 

any effed, but that of putting a stop to the motion of the 
heart. 

" A fimilar experiment was made in the following manner: 
After dividing the aorta in ten frogs, moft of them full grown, 
a few drops of a folution of opium, (not quite fo ftrong as 
that ufed in the Iaft experiment) were thrown into the heart of 
cach. Its contractions instantly ceased, but no 
convulfions fupervened." 
I fhall pafs over the remarks which immediately fucceed 

the above experiments. 
" This, however, fuggefted another mode of making the 

experiment, which feems perfe&ly conclusive.f 
" I flit the heart in fix frogs. Notwithftanding its contents 

were thus inftantly evacuated, it continued to contract with vi- 

gour. A little of the fame folution ufed in the laft experiment 
was then dropped into it. ; 

" No 

* E flays, Ph. & Lit. Vol. iii. p. 330?332. 
*f- Thefe experiments were made with a view to afcertain how far opium, 

applied to the heart, is capable of afife&ing any diltant part through the me- 
dium of the nervous fyftera, 
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" No part of the folution, applied in this way, can be Tent 

through the arteries to the brain; but as all the nerves are left 
entire and uncomprelled, if the convulfions which follow the 

injection of opium into the heart depend on any a&ion of that 
drug on the nervous fyftem, they ought to be obferved in this 
experiment. 
" On dropping the folution into the heart, it immediately ceas- 

ed jnoving, but no convulfions fupervened."f 
To attempt any comments upon the above important and 

decifive experiments, would only weaken their force; I fhall, 
therefore, only add, that it is fully ascertained by thirty-two ex- 
jperhnents, that opium, applied to the hearts of animals, IMME- 
DIATELY PUTS A STOP TO THEIR motions ; and it is also 

ascertained, on the authority of four experiments, that they he- 
come so entirely paralytic in less than one minute thereafter, as 
not to make the least contraSiion on the strongest irritation, whe- 
ther applied to their inner or outer part. 

if- It has been {hewn (fays Dr. Wilfon) that opium, applied 
to the external surface of the hearty very little, if at all, affefls 
the muscular power of this organ ; applied in confiderable quan- 
tity to its internal surface, it immediately destroys it"% 

Dr. Whytt's experiments upon the hearts of frogs, separated 
from the body, and immerfed in a folution of opium, fhew 

very clearly that opium directly diminishes their mobility, fen- 
fibility, and irritability; but the fa& is fo generally known and 
acknowledged, that I fhall pafs on to his conclufion, p. 335. 

u It appears, beyond doubt, from the preceding experiments, 
that the heart is not exempted from the power of opium, as 
the learned Dr. Haller has affirmed,? but has its motion de- 

stroyed by it, as well as the other muscles, only not so soon." 
Exp. 12. || Having feparated, by inflation, the (kin and 

mulcles of the lower extremities of a frog, I poured between 
them a quantity of the watery folution ; both limbs were de- 

prived of the power of motion in about nine minutes; the ani*- 
Bial died in fifty-five minutes." - 

The plain and neceilary inference fuggefted by this experi- 
ment, is diametrically oppofite to the conclufion Dr. Crumpe 
endeavours to eltablifh. 

It is evidently his defign to prove, that opium is a stimulant j 
and, as a proof of the validity of the dodh'ine, we find, that on 

pouring 

f An EfTay on Opium by A. P. Wilson, M, D. p. 4.8?50, and 53, 
54" 

J Eflay, p. 85. 
? Aft. Gotting, Vol, ii, p, 147 and 15$. 
1| Inquiry p. 56, 
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pouring a folution of opium between the fkin and mufcles of 
the lower extremities of a frog, both limbs were deprived of the, 
power of motion in about nitie minutes. 

Thefe, to be fure, are strong proofs of a STIMULANT ope- 
ration ; and when feveral other consequences of injecting opi- 
um between t\ie fkin and mufcles of frogs (which occurred to 
I)r. Monro) come to be added, without doubt they muft ap- 
pear in the aggregate perfectly convincing. 

In the following experiments the effects of the opium were: 
not confined to the limbs, but a?ted generally. 

tc Exp. 6. I next endeavoured to afcertain the effect of 
the opium on the mufcles when immediately applied to, or in 
contact with them, and how far the nerves of the fkin would 
fuffer by applying the opium to its inner fide. 

" For this purpofe, I cut a hole in the fkin at the top of thei 
thigh, and poured the opium into the cellular membrane,- be- 
tween the fkin and mufcles. 

(Three Trials.) 
" I firft poured forty drops of the folution under the fkin of 

the left thigh and leg, having before hand broke^ with a probe, 
a partition between thefe made by the cellular fubftanee of the 
knee. 
" I did not attend to the effe?ts till half an hour thereafter, 

When I found that whole member paralytic, its toes and fkirt 

having lost their sensibility, and the mufcles their motion. The 
animal seemed much stupifedy and could fcarcely move its body 
from the place by the help of the other hind extremity; and 
the blood had ceased from motion in the small vessels of both feet} 
though on examining the heart, I found it still gave twenty-two 
regular^ but feeble, strokes in the minute. After ten minutes 

^ore, all the members of the body were extended and con- 
vulfed, and the animal was quite unable to move its body out 
?f the place where it was laid, and foon after died." 

(Two Trials*) 
" I then tried the fame experiment with twenty drops only 

of the folution, and obferved, that in about a quarter of an hour 
that extremity was much weakened and less sensible, and in five 
nunutes more was not only motionless and insensiblej but the 
animal seemed to be much stupified and lay still, unlefs when it 
Was hurt, and after nearly the fame time as thofe above, had 
its members extended and convulfed, and foon expired* 

(Two Trials.) 
After that I tried the fame experiment with ten drops only. 

After twenty minutes, that leg seemed to be weaker, and in ten 
minutes morey its muscles had lost their powert and the toes had 
numb, xxxyiii* Z2 \ //?/? 
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little sensibility; and now the animal seemed to be a good deal sttt' 
pified, and the heart of one of them examined gave only 2 5 strokes 
in a minute. An hour and a half after the beginning of the ex- 

periment, the toes feemed to have quite lost their sensibility, and 
the muscles their motion; but the other parts were not convulsed> 
and the animal jumped by the help of the other hind extre- 

mity. And two days thereafter, this leg had recovered both its 

sense and motion, and the animal feemed quite well, and con- 
tinued fo for fourteen days at lead. 

(Two Triais.) 
cc In the laft place, 1 poured ten drops under the fkin of the 

thigh only in one frog, and the like quantity under the (kin 
of the leg only in another, without finding that either of thefe 
members loft th.ir fenfe or motion, or that the reft of the 

body was obfervably affe&ed."* 
In the following experiment the modus operandi is very 

clearly illuftrated. In this inftance the effe&s of the opium 
are confined to the limb. 

" Having adapted the web of a frog's foot to amicrofcope, I 
inje?led eight or ten drops of a folution, (nearly as ftrong as 

the ftronger folution) under the fkin of the leg. 
" In A few seconds the circulation became languid, and 

no motion could be perceived in some of the larger blood vessels, 
it GRADUALLY became more obscure in the rest, till, in the 

space of about two or three minutes after the 'injettion of the 
opium, it ceased altogether. Nor did this interruption 
of the circulation proceed from any general affeclion of the 

fyftem, fince the motion of the blood IIill continued in the 
other foot. 

" This experiment was made three times in the fame man- 
ner, and with the fame refult." f- 

It muft appear extraordinary after perufing the I2th, and ef- 
pecially when we come to confider the 30th, 32d, 36th, and 
42d of Dr. Crumpe's experiments, that ne fhould have ex- 

pr.efled himfelf in fuch unqualified terms, as he every where 
does, when fpeaking of the modus operandi of opium. 

P. 168, he fays, 
a The fa?ts and arguments I am about to 

relate have induced me to conclude, that all its effects are 
the refult of a stimulant property alone" And yet, Dr. 

Crumpe is fo far from denying the exiftence of fedatives, that 
he allows the confequences relulting from fourteen of his own 
experiments, to denote a direftly sedative operationas will be 

Ihewn 

# Eflays Ph. & Lit. v. 3, p. 309?312. 

f Wiifon's Eflay on Opium, p. 6i?,63. 
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ftjewn when we come to confider the %2d and the fucceeding 
experiments. The reafon will alfo then appear, which induced 
him to draw a conclunon that is contradicted even by his own 

experiments, and {till more pointedly by a large body of indubi- 
table evidence, collected from various, and from the moft re- 

spectable, lources of intelligence. 
Exp. 15.* "The pure refin of Exp. 13, when rubbed be- 

tween the fingers, had more of the peculiar fmell of opium 
than the gum ; when chewed, it had no peculiar bitternefs or 

pungency. The gum of Exp. 14, had more the fmell of ex- 
tract of liquorice than opium; to the tafte it was extremely 
bitter and pungent." 

I have introduced this Experiment for the purpofe of remark- 
ing, that though the activity of opium refides chiefly, if not 

entirely, in the refinous part, as is proved by the 17th and 18th 
?f Dr. Crumpe's Experiments; yet that it poliefles no peculiar 
bitternefs or pungency ; and that the gum, when feparated from 
the refin, though it is inert, or nearly fo, compared with the 
refin, yet to the tafte it is extremely bitter and pungent. 
Exp. 17.^ 

" Of the pure refin, procured by the means men- 
tioned in Exp. i I took two grains dilFolved in a very fmall 

quantity of fpirit of wine, at one in the afternoon, my pulfe 
beating 70 in a minute: 

5 I to 1 | JO | as I 3Q I 35 I 4? 1 45 1 5? I 55 I 6o | 75 I 9? I Min. 
P.beat 78 | 78 | 80 | 78 | 7S | 76 | 70 | 71 | 6n | 65 | 63 J 65 | 63 | 66 | 

" In fifteen minutes, there was an evident increafe in the 

fulnefs as well as frequency of my pulfe; in 6o, perceived a 

pleafmg languor and drowiinefs; in 90, this was fo much in- 

creafed, that I lay on the bed and flept for an hour ; on getting 
UP found myfelf languid, very thirfty, and affected wjth a flight 
vertigo and lightnels of my head; on taking a glafs of Port 
wine all thefeVymptoms were relieved, and 1 ate my dinner 
with as good an appetite as ufual." 
The only mark of a ftimulant operation, either in this, or 

ln any of Dr. Crumpe's experiments, (or indeed in any expe- 
riment I have met with on the fubjecl) which has an unequi- 
vocal claim to be confidered as fuch, is a flight and tranfitory 
increafe in the frequency, ftrength, and fulnefs of the pulfe. 
Now, did this effett constantly follow the internal ufe of opium, 
Wnich is well known to be by no means the cafe, of what force 
or conlequence could it be of, in whatever point of view it 
might be confidered, when contrafted with the many clear and 

Inq. p. 6a. f Idem. p. 65. 
Z z 2 

' 
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decisive maris of a sedative operation, which INVARIABLY 
follow, whenever opium is taken in a sufficient dose to ajfetl thi 
system at large ? 

Befides, it will be demonftrated (if it has not been done al- 
ready) that in every other pra&icable mode of introducing 
into the fyftem of different animals, (except by inje&ing it 

into the fkull, or into the fpine) whether it be injected into the 
cavity of the abdomen; into the blood veflels; between the 

fkin and mufcles; into the redtum ; applied immediately to the 
internal furface of the heart; or externally to the (kin, it di- 
rectly diminishes the frequency and force of the heart's con- 
traflions, and produces immobility, and total insensibility to fti- 
muli of every kind; and thefe effedts (diametrically opposite to 
those produced by stimulants) commence in fome of thefe ex- 

periments in a few feconds, and in ALL of them fpeedily, after 

the introdu&ion of the opium, and increafe gradually or ra- 

pidly, and are temporary or permanent, according to the quan^ 
tity of opium which has been introduced, or the ability of the 
animal to fuftain its power.* And the introdu&ion of the 

practice of applying opium externally by means of fri&ion, has 
furniflied us with a very ftrong argument againft the ftimulant 
theory, for in this mode of applying it, it is conveyed by the 
Jymphatics to the thoracic du&, and being there mixed with the 
chyle and lymph, pafles with them into the fubclavian vein, 
and from thence to the heart, the brain, and every part of the 
body. 

Thus, as foon $s it quits the abforbent fyftem of veflels, 
(where X apprehend it undergoes no material change, except 
dilution) it is almoft immediately applied to the centre of the 
fanguiferous and nervous fyftem; confequently, its genuine 
efFedls, whether ftimulant or fedative, muft infallibly appear; 
and there can be no difficulty in deciding whether it increases 
the mobility, and excites the motion of the nervous power; 
or diminishes the fenfibility and irritability of the fyftem, and 
thereby the motions and powers of motion jn it. 
A brief recapitulation of tne refult of two Experiments I 

lately made,f will place the matter in fo confpicuous a light, 
as to prevent eyen the poflibjlity of a miftake. 

The 

* Opium inje&ed into the fubftance of the brain, or through the fpine, in 
frogs, neither retards nor accelerates the a&ion of the heart; the reafon of 
which is obvious 5 in this way of applying it, it can only aft upon the heart 
through the mediujn of the nervous fyltcm. See Wilfon's Effay on Opium* 

-p. 74?85; 
f Medical and Phyfical Journal^ Vol. YII, p, 137; and Vol. VI? 
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The firfl: was made at 6 P. M.?Before the commencement 
of the fri&ion, the pulfe was 108, firm and regular. In ten 

minutes, when nearly half of the tin?t. of opium was rubbed 
in, it was reduced to 88, and was foft. In twenty minutes it 
Was reduced to 84, was ft ill foft, and Mr. Hall (the fubjeft of 
the experiment) was affe&ed with drowfinefs, complained of 
being cold, and his eyes had a dull heavy afpe?t (a common oc- 
currence when opium is introduced by fri&ion). In thirty 
minutes, he complained of being cold and drowfy; pulfe 84, 
and foft. In forty minutes 84, but weaker; ftill cold and 

drowfy. In fifty minutes, pulfe 72, feeble and fmall ; counten- 
ance pale; coldnefs continues, and is accompanied with difa- 
greeable fenfations, In fixty minutes, p. 76, weak, and not 
quite regular ; complains of great debility. In feventy mi- 
nutes, p. 90, regular, and rather ftronger. In ninety minutes, 
p. 92. In one hundred and twenty minutes, p. 96; ftill com- 

plains of being cold, and the difagreeable fenfations did not go 
ofF till after fupper, when his appetite was better than usual. 
The fecond Experiment was made before he had breakfafted 

or ufed any exercife; the tindt. of opium was increafed from 
two to three drachms, and the mixture was made warm before 
it was applied; the pulfe was 95. In fifteen minutes, p. 86, 
foft, and eafily comprefled. In thirty minutes, p. 83, weak 
and foft; he complains of being very weak, cold, and fhivery ; 
countenance looks fickly, fkin feels cold. In forty-five minutes, 
p. 83, foft; complains much of being cold all over, but parti- 
cularly his feet; is fhivery and very weak, fpirits deprefled, 
feels drowfy, eyes look heavy. In fixty minutes, p. 90, weak 
and fmall; back painful; complains of being affe&ed with a 

greater degree., and a different kind, of coldnefs to any he ever 
experienced before. I now a(ked if he had felt exhilarated at 

all, either in this or the former experiment? He anfwered, 
No; and could not help fmiling at the queftion, as indeed he 
had reafon. He ate his breakfaft with an uncommon appetite, 
and was foon relieved from every difagreeable fenfation. 
The efficacy of opium applied externally, having been de- 

monftrated in a variety of morbid affections, and its having 
produced, in every inftance, a Series of confequences dire?tly 
the reverfe of ftimulant, renders the above experiments, in my 
mind, perfe&ly conclufive; becaufe, having only to pafs through 
the lymphatic veflels in its way to the heart, it is much lefs 

adulterated than when taken internally; being then expofed to 
the adtion of the gaftric juice in the ftomach, and afterwards 
mixed with the grofler parts of the food, the bile, See. It is 

therefore demonftraBle, that when opium does accelerate the 

circulation, raife the fpirits, or increafe the heat of the body, 
thefe 
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thefe effects muft proceed, either from its immediate and to- 

pical action as a fedative upon the primae vire, or from fome 
other adventitious circumftance, and not from its operating as a 
ftimulant. 
As this is a point of primary importance, and may have fome 

weight in enabling us to form a juft decifion, I fliall beg leave 
to fuggeft a few remarks, which may perhaps afiift in the in- 
veftigation. 

Does not an aqueous folution of opium deflroy the power of 
action, in all mufcles (not excepting the heart) to which it is 

immediately applied ? * 
Does it not produce the fame effect upon the blood-veffels of 

the lower extremities, when injected between the fkin and 
mufcles ? f 
Does it not put a flop to the periftaltic motion of the intef- 

tines, almoft immediately on being injected into their cavity ? J 
And does it not operate in the fame manner, but in a lefs 

degree, when injected per anumr ? 
Is there any eflential difference in the ftrudture of the fto- 

mach and inteftines? \\ 
Has not the ftomach a vermicular or periftaltic motion as 

well as the inteftines? 
Can the fun?tions of the one be affe?ted independently of 

thofe of the other ? 
If thefe queftions be anfwered in the affirmative, no farther 

proofs can be required, to convince us, that a folution of opi- 
um applied to the internal furface of the ftomach, mull dimi- 
nifti the fenfibility and irritability, and thereby the motions and 
powers of motion, not only in that organ, but in the fyftem at 

large; or in other words, that it muft a?t in this, as in every 
other inftance, directly as a fedative. 

This theory will be found confident with the experiments 
as well as with the obfervations of different writers; or may 
rather be confidered as the natural refult of both. 

" The 

* Whytt's EfT. loc. cit. p. 323?325. Monro's EfT. loc. cit. p. 309? 
31+, 330, 331. Wilfon's Eft. p. 48?50, 53, 54, 60, 85. 

-j- Monro s Eff. p. 309, 310. Willbn's Elf. p. 59?63. 
J , 

" Applied to the external furface of the inteftines, I could not be 
certain that it at all diminilhed the periftaltic motion j 011 inje&ing it into 
their cavity, they a'moft inftantly became paralytic." And in a note, Dr. 
W. lays, 

" From {his effeft of opium on the internal furface of the intef- 
tines, we are at no lofs to account for the coftivenefs vvhiqh attends the ule 
of this drug." Willbn's Eft", p. 85, 86. 

? Monro's Eftay, p. 314., 315. 

|| Except that the inteftines are not fumiflied with a fet of vefiels which 

fecrete a liquor iimilar to the gaftric juice, and this difference is of no impor- 
tance on the prefent occafion. 
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" The virtues of opium, (fays Dr. Alfton) internally taken, 
depend chiefly on its action or influence on the stomach. I have 
often obferved a violent tenefmus removed in a moment by a 
few drops of liquid laudanum, vomiting flopped, pain ealed, 
yea and deep procured the fame way, and almost as soon.''+ 

Every medical practitioner can bear teftimony to the truth of 
thefe obfervations. 

" In prefence of, and affifted by Mr. Robert Fullarton, a 
curious gentleman, and very dexterous in microfcopical obfer- 

vations, (in Augull, 1733,) I conveyed through a fmall giafs 
tube a few drops of a folution of opium in water into a frog's 
ftomacb, and putting the animal into a glafs cylinder, adapted 
it fo to a good microfcope, that we had a diftincSt view of a 

part of the membrane betwixt the toes of its hinder foot, where 
the circulation of the blood may eafiiy be feen. My defign 
was, fmce I found opium killed frogs, to obferve if there was 

any vifible change made by it in the blood itfelf, or in its 

motion; neither of us could indeed fee any alteration of 
the blood, as to its confidence, colour of. the ferum, magni- 
tude, figure or colour of the red globules; but we very dis- 
tinctly saw a surprising diminution of the blood's 'velocity, for it 
did not move half so swiftly as it uses to do in these creatures. 
JVe alternately looked at it again and again, and in less than half 
an hour saw the velocity of the blood gradually increase, the un- 

easy frog recover its wonted vigour, and the blood its common ce- 
lerity.\ upon which we took out the paddock, put it in a bafon 
of clean water, and allowed it half an hour to refrefh itfelf; 
then gave it another close of opium, fixed it to the microscope WITH 
all expedition, and viewed it as before;, the blood then 
moved yet slower than it did the first time, and its velocity gradu- 
ally decreasing, at length it stagnated, first in the s?naller then in 
the larger vessels, and in about a quarter of an hour the animal 
expired. One thing was very obfervable all along, viz. that 

notwithftanding the diminifhed velocity of the blood, there was 
no fenfible diminution of the frequency of the pulfej yea, when, 
there was no circulation or progreffive motion of the blood in 
this part, the pulfe was vifible by an undulatory motion; that 
is, the blood returned as far back at every diastole of the heart as 
it was protruded by the preceding systole; this continued till tbe 

frog was quite dead, or at least appeared to be so. When .we 
had loft all hope of its recovery I opened it, and found nothing 
in its ftomach but a clear mucus like a jelly, a little coloured 
with the opium, of which it was full; every thing elfe feemed 

perfectly 

f MedicalEflays, vol, v. parti, p. 165. 
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perfectly natural. This experiment we frequently repeatedand 
it had always the same appearances and event. The recovery, 
however, of one of the frogs, which for a confiderable time 
Teemed to be dead, is not to be omitted. My friend and I one 
evening killed, as above, a couple of frogs with opium; one of 
them, which was the ftrongeft, I laid half in water on a tile, in 
the bottom of a water pot, that if it recovered it might fit 
cither wet or dry, as it liked beft; the other I left on the earth 

dry under a hedge. Next morning, when I returned to the 

garden, I found the one under the hedge dead as I left it, but 
the other in the water pot was alive and appeared to be in 

perfeft health. 
While we were thus employed, another thing occurred, 

which though foreign to the prefent fubjeA, it may not be 
amifs to mention. One of the frogs we got for the above 

experiments, had not the use of one of its hinder legs, which was 
of a pale reddish colour. This made me defirous to obferve by 
the microfcope the circumftances of the circulation in this pa- 
ralytic, and apparently inflamed member; and we found that the 
red globules were entirely dissolved; that the blood-vessels were 

distended with a reddish homogeneous liquid, as if the part had 
been injected with a bloody water; and that neither sense nor ?no- 
tion remained in it."$ 

In the beautiful experiment juft related, though it was fre- 

quently repeated and always with the fame appearances and 

event, we do not find the circulation was accelerated, after the 
folution was thrown into the ftomach of the frog; but on the 
contrary, that Dr. Alfton and Mr. F. very diftin&ly faw (from 
the fir ft) a surprising diminution of the blood's velocity; they 
alternately looked at it again and again, and in less than half an 
hour (when the a?tion of the opium was over,) saw the velocity 
of the blood GRADUALLY INCREASE, THE UNEASY FROG RE- 
COVER ITS WONTED VIGOUR, AND THE BLOOD ITS COM- 

MON celerity; and, (which compleats the illuftration) after 
allowing the frog time to refrefh itfelf, they gave it another 
tlofe of opium, fixed it to the microfcope, with all expedition, 
(five or fix minutes might probably fuffice,) and viewed it as 
before; the blood then moved yet slower than it did the first time, 
and its velocity gradually decreasing, at length it stagnated, first 
in the smaller, then in the larger vessels, and in about a quarter 
of an hour, the animal expired." 

M. WARD. Manchester, March 9, 1802. 

[ To be continued. ] 
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