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ADVERTISEMENT.

AB OUT twelve years fince, not Iong af-
ter the Author of this Effay bad left the

Jfehools of Medicine, he began to be diffatisfied
with the common theories of refpiration and the
beart's motion s and as be had not met with any
ﬁﬂ’fﬁ?’, who had given, as be thought, a juft
account of the vital and other i nvoluntary mo-
tions of animals, or derived them rightly from
tbﬂr true SOURCE, be purpofed fometime or o-
ther to write on this fubject, if not for the
publick, at leaft for bis own fatisfastion. Tn
fﬂfﬁd&ﬂ&f of this refolution, the following Effay
s begun in the year 17445 and might have
been finifbed long ago, had not the Author’s tine
been greatly taken up with more neceffary bufi-
‘mﬁ.———ln compiling it, be bas been careful not to
'Eﬁdﬂ{ge bis f&ﬁcy; in wantonly framing hypo-
thefes, but has rather endeavoured to proceed
upon the furer ﬁuﬂa’afmm of experiment and

obfervation.
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obfervation. No doétrine in Philofophy, which

was not built on thefe, bas ever been able to ffand

its ground for balf a century ;" and the theories

of. NewToON, and fome few others of the more

bappy Philofo Gphers, have fbfreﬁrf tri Hmpbfd 0~

ver all objections, becaufe z‘f’q}l were. founded on

notbing elfe but plain facts; fatts indeed, whofe

exiffence was perbaps unknown before, and whofe

influence is _fo extenfive, that -wbz!e they are _ﬁmpk :

and uniform in themfelves, they ferve as cau-

{es far explzzmmg innumerable eﬁ’ﬂs Oﬂ fb::
ather band, . in the hypothetical merbad gf pbzt'a-'

fophi fmg, - caufes - are Efﬂg;’f q/ﬁfgned %bsz
ot only cannot be. proved to exift, but wé;{:ﬁ
are f?‘f.’gﬂfﬂfg)l nigre intricate aﬂd Eﬁmpffx fﬁ@n
-even the gﬁ'ﬂi tq ée explained from them. Ami'
indeed, it canuot be expeé'r’ed that wngmdfd (-
gination [bould bit upon the z‘mrb Jfince nature
bas fo clofely concealed many. of her operations,
that they often elude the united efforts of genius,
" induftry and ex}wﬂ’mmf, i |
| There
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There is one favour which the Author would
afk, of thofe who may take the trouble to per-
ufe this performance, viz. that they would de-
lay paffing judgment upon any PART of it, till
they bave attentively and fairly confidered the
WHOLE ; becaufe it is apprebended, that the
theory of every one of the motions bere explained,
[fupports and firengthens what is faid of the reft,
and that when all are taken together, each re-
ceives an additional weight of argument, and

appears in a flronger light.

OCTOBER 1. 1751,

ERRATA.

Pag. 52. lin. 6. for heated read treated.
P.63. /. 21. after dutl, add in a cat.
Poike 'l 3. .1 fﬂllﬂwmg r. flowing.
P. 184. sztherthcfe

2-:15 l. 6. f. ations r. action.
P 227. L. ult. after abridged, add vol. iii.
P. 317. /. 1. f. thefe organs r. this organ,
dhid. /. 3fl:ht'm r. it.
L. 318, L alt, after med. add vaol. iv.
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Of the ViT AL

and other INVOLUNTARY

MoTtioNs of ANIMALS.

INTRODUCTION.

the motions of animals into veluntary,

involuntary, and mix’d.
THE voluntary motions are fuch as proceed

from an immediate exertion of the aive
power of the will. The involuntary and
mix'd motions, which laft, though fubje&
to the power of the will, yet are not ordina-
rily directed by it, may be aptly enough com-
prehended under the general denomination of
SPONTANEOUS ; fince they are performed by
the feveral organs as it were of their own
accord, without any attention of the mind,
or confcioufnefs of an exertion of its ative
power : fuch are the motions of the heart,

A organs

PH‘?SI oLoGICAL writers have divided
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organs of relpiration, ftomach, guts, &c. ;
which have been alfo diftinguifhed by the
name AUTOMATIC; though perhaps there
is an impropriety in this term, as it may {eem
to convey the 7dea of a mere inanimate ma-
chine, producing fuch motions purely by vir-
tue of its mechanical conftruétion : a notion

of the animal frame too low and abfurd to
be embraced by any but the moft MINUTE

philofophers !
THOUGH we may be at a lofs to explain the
nature of that fubftance in the nerves, by

whofe intervention the mind feems enabled to
a¢t upon the mufcles; and though we may

be unacquainted with the intimate ftructure
of the fibres upon which this fubftance ope-
rates, yet we have no room to doubt that vo-
luntary motion is produced by the immediate
energy of the mind; manifold experience
convincing us, that though there be required
certain conditions in the body in order to its
performance, it is neverthelefs owing to the
will.  Nor ought we to be furprifed when
we meet with thefe kind of difficulties ; for
they attend moft of our inquiries and re-
fearches : — Thus, though the laws of mo-

tion
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tion and gravitation be fully underftood and
demonftrated by philofophers, yet the firft
caufe of motion, the manner in which it is
communicated to bodies, and the nature of
gravity itfelf, have never been explained.
BuT how it comes to pafs that many of our
mufcles are brought into contraction, not only
without the concurrence of the will, but in
oppofition to its ftrongeft efforts, and why
moft of the organs of fpontaneous motion are
continually agitated with alternate contracti-
ons and relaxations, of which we are no way
confcious, while the mulfcles of voluntary
motion remain at reft, and are not contraéted
but in confequence of a determination of the
will to that end; are queftions which have
occafioned no fmall debate among medical
writers, and which as yet they are far from
being agreed about.——To clear up thefe
points, is the principal defign of this Effay;
and I flatter myfelf that the following account
of the vital and other involuntary motions of
animals, will not lefs recommend itfelf to e-
qual judges by its fimplicity, than by its agree-
ablenefs to the known laws of the animal
cconomy, and the eafy folution it affords of

all
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all the phanomena of the human frame refpect-
ing its invpluntary motions.

NATURE, as far as we can judge from the
plan and {cheme of things furrounding us,
delights in fimplicity and uniformity, and,
by general laws applied to particular bodies,
produces a vaft variety of operations ; nor i$
it at all improbable that an animal body is a
{yftem regulated much after the fame manner,
Following the path, therefore, which Nature
has pointed out ia her other and more grand
operations, I have in this Effay endeavoured
to fhew, that all the fpontaneous motions of
animals are explicable upon the fame prin-
ciple, and owing to one general caufe. How
far fome authors of great note have been un-
fuccefsful in their inquiries into this matter,
from their neglecting {o obvious an analogy,
and endeavouring to explain the vital motions
of almoft every different organ, by a different
theory, is left to the Reader to judge.

As the heart is one of the principal organs
of the body, and its action immediately ne-
ceflary to life, we fhall begin with inquiring
into the caufe of its alternate contraction and
relaxation, and whence it comes about that

thefe
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thefe motions are performed without the
mind’s feeming to have any concern in them,
nay in oppofition to the ftrongeit efforts of the
will.  But it will be neceflary previouily to
lay down a few poflulata, as a ground-work
upon which is to be built our theory of the
involuntary motions of animals in general,
and of that of the heart in particular.

SECTE T
Principles and faéts neceflary to be premifed.

F CerTAIN power or influence pro-
ceeding originally from the brain
and {pinal marrow, lodged afterwards in the
nerves, and by their means conveyed into the
mufcles, is either the immediate caufe of
their contraction, or at leaft neceflary to it.
Tue truth of this is put beyond all reafon-
able doubt, by the convulfive motions and
palfies affe¢ting the muicles, when the sze-
dulla cerebri, medulla oblongata and [pinalis, are
pricked, or any other way irritated or com-
prefled; as well as from the obfervation,
that animals lofe the power of moving their
muicles,
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muicles, as foon as the nerve or nerves be-
longing to them are ftrongly comprefled, cut
through, or otherwife deftroyed. Of this
many inftances might be given: But we fhall
content ourfelves with mentioning one, which
is too ftrong and unexceptionable to admit
of any evafion. When the recurrent nerve
on one fide of the lerynx is cut, the voice
becomes remarkably weaker ; when both are
cut, it is entirely and irrecoverably loft *, 7. .
the animal lofes all power of moving the
mufcles which ferve to increafe or diminifth
the aperture of the ghttis; for 1 prefume it
will be needlefs now-a-days to go about to
fhew, that the tying of thofe nerves can only
affet the voice, by rendering thefe muifcles
paralytic.

Ir the brain, or fome part of it, were not
in a manner the fountain of {enfation and mo-
tion, and more peculiarly the feat of the mind
than the other bowels or members of the bo-
dy; why fhould a flight inflammation of its
membranes caufe madnefs, or a fmall com~
prefiion of it produce a palfy or apoplexy,
while a like inflammation of the ftomach or

liver,
* Edinburgh Medical Effays, vol. 2. art. 8.
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liver, or a compreffion or obftrution of
thefe bowels, have no fuch effe&ts? If the
nerves were not immediately concerned in
mufcular motion, why, upon tying or de-
ftroying them, does the member to which
they are diftributed, inftantly lofe all power
of motion and fenfation ? Becaufe ani-
mals have lived with a brain fo difeafed, that
it is difficult to conceive how it could perform
its functions, or becaufe monfters have been
born without a head, which lived fome fhort
time, and had the power of motion; to con-
clude, I fay, from hence, that the brain and
nerves in perfect animals are not immediately
neceflary to motion and fenfation, is altoge-
ther as abfurd, as it would be to affert, that
the heart was not defigned to propel the blood
through the body, becaufe muflels, oyfters,
and other animals of the loweft clafs, have
no fuch organ *, and monftrous feetufes have
fometimes wanted it 4, or becaufe we are
told of a rat every way healthful, which be-
ing diffected was found to have no heart 1.

Na

* Harvey de motu fang. cap. 17.
t Memoires acad. fciences 1720, edit. 8vo, p. 16.

1 Van Swieten comment. in Boerhaav. aphorifin. vol. 1,
p- 256.
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~——No reafoning drawn from a few mon-
{trous cafes, can be fufficient to overthrow a
doctrine founded upon the plaineft phenomena
obferved in perfe& animals, and confirmed
by almoft numberlefs experimienfs made upon
them. The neceflity therefore of the influ-
ence of the brain and nerves towards produ-
cing mufcular motion, is not to be difproved
by a few rare inftances of offified, petrified;
or otherwife morbid brains found in animals,
which {eemed tolerably healthy, dnd had the
motion of all their mufcles; fince it is not
more unreafonable to {uppofe, that the nerves
may derive a fluid from a porous {pungy of-
fified brain, than that a tree fhould {pring out
of ‘a ftone-wall ; dry ftone and lime being
not lefs different from moift earth, than fuch
an offified brain from one in its natural ftate;
nay the latter {eems more capable of affording
moifture to the nerves, than the former to
roots of the tree *, When the brain is

wanting,

* ‘The brain mentioned by Duwerney, in Memoires acad.
des fciences 1703, edit. 8vo, p. 318. &e. was not wholly
petrified ; its inferior part from which the nerves take their
rife, {ftill retained its medullary form. And the fame has
probably been the cafe of other petrified or ofiified brains,
tho" perhaps not fo accurately obferved,
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wanting, Nature may have other ways than
we can eafily imagine, of {upplying the nerves,
and of keeping them in fuch order, as that
they may be able in fome fort to perform their
functions.

THE immediate caufe of mufcular contra-=
€tion, which, from what has been faid, ap-
pears evidently to be lodged in the brain and
nerves, I chufe to diftinguifh by the terms of
the power or influence of the nerves; and if,
in compliance with cuftom, I thall at any time
give it the name of animal or vital [pirits, 1
defire it may be underftood to be without any
view of afcertaining its particular nature or
manner of acting; it being fufficient for my
purpofe, that the exiftence of fuch a power
is granted in general, though its peculiar na-
ture and properties be unknown.

2. WHILE the nervous power is immedi-
ately neceffary to mufcular motion, the arte-
rial blood feems to a&t only in a fecondary or
more remote manner.

MuscLes are immediately rendered paraly-
tic upon tying or deftroying the nerves diftri-

B buted
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buted to them *. But when the arteries be«
ftowed upon any mufcles are tied, the action
of thefe mufeles is only gradually weakened,
and not totally abolifhed till after a confider-
able time. ‘The ingenious Dr. Langrifh tied
up and cut afunder both the carotid and both
the crural arteries of the fame dog, without
deftroying the motion of one mufcle +-; and
Swencke aflures us, that, after having tied the
crural artery of a dog clofe by the groin, the
animal continued to move his leg and foot for
~awhole day; the fame experiment he repeat-
ed in another animal, and did not find that
the muicles of the leg became paralytie till
this member was almoft quite dead §. ’Tis
true indeed, that, by a ligature made on the
aorfa immediately above its divifion into the
iliacs, the hinder limbs of a dog gradually
loft their motion, and became quite paralytic
after two minutes ||: from which it feems pro-
bable, that, in the experiments of Langrifh
and Swencke, the motion of the mufcles con-

tinued longer, becaufe they had ftill {fome
blood

* Kaau impet. faciens, No, 288.
+ Cronean leCtures on mufcular motion, §93.
1 Hematalog. p.8. Seealfo Brunner, de pancreat. p.188.

| Kaau impet. faciens, Ne, 291,
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blood tran{mitted to them by lateral commu-
nicating branches, from arteries which were
not tied. But, on the other hand, it is al-
ledged, that the tying the aorfa renders the
mufcles of the legs paralytic, not{o much by
intercepting the blood, as by affeéting the
{pinal marrow *.

However, from thefe experiments, it
feems pretty clearly to follow, that the arte-
rial blood no otherwife conduces to mufcular
motion, than as it fupplies the veflels and fibres
of mufcleswith fluids proper for their nourifh-
ment, gives them a fuitable degree of warmth,
and thus preferves them in fuch a ftate, as
may render them mofit fit to be acted upon by
the nervous power. 'While therefore the life
and nourifhment of the mufcles are owing to
the motion of the arterial blood through their
veflels, their power of motion and fenfation
proceeds from the nerves alone.

3. THE mufcles of live animals are conftant-
ly endeavouring to fhorten or contract them- |
{clves. Hence fuch as have antagonifts are

always

¥ Haller prim, lin, phyfiolog, N°, 410,
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always in’a ftate of tenfion ; and the folitary
mufcles, as the {phintters, and thefe whofe
antagonifts are weakened or deftroyed, are al-
ways contracted, exceptwhen this natural con-
traction is overcome by fome fuperior power.

4. THE natural contraction of the mulcles
[3.]is owing partly to all their veffels being di-
ftended with fluids, which {eparate and ftretch
their {malleft fibres, ‘

As a proof of this; the mufcles of animals
that are in full health, and abound with pro-
per fluids, retract themfelves much more re-
markably towards each extremity when cut a~
crofs,’ than the mufcles of {fuch animals as are
in a languithing ftate, and exhaufted of their
Auids; befides that, foon after death, mufcles
become flaccid, and, when cut tranfverfely,
retra& themielves but little,

BuT, 2.the natural contra&ion of the mu-
{cles is in a great meafure to be afcribed to the
influence of the nerves, which is perpetually
operating upon them, though in a very gen-
tle manner: and that to this is chiefly owing
the conftant contraction of the fphinéers, and @
the tenfion of fuch mufcles as are balanced

by
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by antagonifts, the palfy affe¢ting the {phin-
¢ters as {oon as their nerves are comprefled or
deftroyed, and the conftant contraction of fuch
mufcles whofe antagonifts are deprived of the
nervous power, evidently demonitrate.

Because the heart, and other mufcles of
animals, often continue to move for {fome time
after they are {eparated from their bodies, and
confequently, after all communication be-
tween them and the brain is cut off, fome
have thought the contraction of the mufcles
not owing fo much to the nervous influence,
as to fome latent property in their fibres;
with what juftice will afterwards appear *.
But we may obferve in this place, that, unlefs
the brain and nerves were in an efpecial man-
ner concerned in the motion of the muicles,
it would be difficult to conceive why in ani-
mals newly killed, an irritation of the medulla
oblongata thould caufe more violent convul-
fions of the mufcles, than an irritation of the
muicles themfelves 4.

5. THE natural contraction of the mufcles

[3.and 4.]
* Vid. below, Sect. x. and xii.

+ Kaau impet. faciens, N° 530. & 333. and Se&t. xiii.
Ne 26. of this Effay.
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[ 3.and 4.] arifing from the conftant and e-
quable action of the nervous power on their
fibres, and of the diftending fluids on their
veflels, is very gentle, and without any fuch
* remarkable hardnefs or fwelling of their bel-
lies as happens in mufcles which are contract- -
ed by an effort of the will. And although
the {phinéters and thofe mufcles whofe anta-
gonifts are paralytic or hindered from acting,
do always remain in a ftate of contration ;
yet at any time, by an effort of the will, they
can be much more ftrongly contracted. ’Tis
fomewhat ftrange that Dr.Szuart {hould have
been fo far miftaken, as to affert, that the
mind has no manner of power over fuch
mufcles as are deftitute of antagonifts; not
only that it cannot unbend them, which is
allowed by all, but alfo that it cannot make
them contract more ftrongly * ; for every
one muft be fatisfied, that though the /phin-
&er ani is naturally in a conftant ftate of con-
tration, yet he can at pleafure make it con-
tract more ftrongly ; and though the biceps
flexor cubiti contra&ts and fwells upon the
arm’s being bent by an external force, even in
{pite

* Differtatio de motu mufculari, p.22.23. and 77.
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fpite of any effort of the will to the contrary,
yet any one, if he pleafes, can make it {well
more, grow much harder, and contra@ itfelf
with vaftly greater force.  But into what
miftakes may not a preconceived favourite
theory betray the beft of men !

From what has been juft now advanced,
it follows, that it is not neceffary, in order to
the mind’s acting upon the mufcles, that they
fhould be ftretched or extended beyond that
length to which they would naturally reduce
themfelves, if not prevented by the action of
their antagoniits.

6. As often as the influence of the nerves
15 determined into the mufcles fo as to operate
more powerfully on them, they are excited
into {tronger contractions which are not natu-
ral, and therefore may be called violent.
This extraordinary determination of the ner-
vous influence, may be owing either to the
power of the will, or to a fimulus.

<. VOLUNTARY contraction is owing to the
ftronger action of the nervous influence upon
any mufcle, excited by the power of the will.

8. A
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8. A flimulus, or any thing irritating, applied
to the bare muicles of live animals, immedi-
ately excites them to contract themfelves.

THi1s appears from numberlefs experiments
and obfervations ; and is equally true with re-
{pect to the mulfcles of voluntary and invo~
luntary motion.—The mufcles of a live frog,
when laid bare and pricked with a needle, are
ftrongly convulfed.—A {olution of white vi-
triol no fooner touches the internal furface of
the ftomach, than this bowel is brought
into convulfive contractions.—Smoke of to-
bacco or acrid clyfters injected by the anws,
bring convulfive motions on the great guts.—
Pricking the inteftines or heart of a living a-
nimal, or applying any acrid fluid to them,
remarkably increafes their contraétion *,
Many other inftances might here be given
of the effects of flzmuli on the mufcles of a-
nimals; but thefe may fuffice, as we fhall

' have

* Haruey, fpeaking of the punctum [aliens, or heart of
the chick in the fhell, fays, ¢ Vidi fepiffime-ab acus, ftyli,
¢ aut digiti contaltu, imo vero a calore aut frigore vehe-
*“ mentiore admoto, aut cujuflibet rei moleftantis occurfu
¢ punctum hoc, pulfuum varias permutationes, iftufque
¢ validiores ac frequentiores edidiffe.”  De generatione
animal, exercitat. 17.
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have occafion to treat of this matter more ful-
ly afterwards.

WHATEVER diftradts the fibres of any
mufcle, or ftretches them beyond their ufual
length, excites them into contraction almoft
in the fame manner as if they had been irri-
tated by a fharp inftrument, or acrid liquor.
Thus the motion of the heart in  pigeons
newly dead, is as remarkably renewed or in-
creafed by drawing the fides of the divided
- thorax afunder, and confequently ftretching
the great veflels to which the heart is attach-
ed, as by pricking its fibres with a pin *.
In luxations, mufcles, by being over ftretch-
ed, are often convulfed ; and the wefica uri-
naria and inteflinum rectum, are not only ex-
cited into convulfive contrations by the a-
crimony of the urine and feces, but alfo by
their bulk and weight ftretching the fibres of
thefe hollow muficles .

9: In proportion as the fimulus is more or
lefs gentle, fo (cateris paribus) is the contra-
&ion of the mufcle to which it is applied.

C THE

* Vid. infya, Se&. xii. No 16, and 17,
+ Vid. infra, Se&. v.



£ (R Of the ViTAL and

Tue truth of this propofition, like the for-
mer, 15 not only proved by experience, but
may be deduced from reafon alone; for if
the irritation is to be confidered as the caufe,
and the fubfequent contraltion of the mulicle
as the effe¢t; then, in proportion as the
“caufe is increafed or diminifhed, fo muft be
its effeCt.=—— The motions occafioned by
ftretching the fibres of any mufcle will be
oreater or lefs, as the mufcle is more or lefs
firetched'; wunlefs it be {fo far extended, as
quite to lofe its tone, and become paralytic.
—It deferves however to be obferved, that the
effects of different flimuli depend very much
upon the peculiar conftitution of the nerves
and fibres of the mufcles to which they are
appﬁfzd: Thus what will prove a ftronger /-
mulus to the nerves of one part, will more
weakly affect thofe of another, and wvice verfa.

10. AN irritated mufcle does not remain in

a contracted ftate, although the ftimulating

caufe continues to act upon it; but Is alter-
nately contracted and relaxed.

THus the flimulus of an emetic received

into the ftomach, does not caufe a conti-

nued
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nued contration of its mufcular coat; and
an Irritation of the lower extremity of the
gullet, is followed by alternate convulfions of
the diaphragm. The heart of a frog or eel
taken out of the body, continues its alternate
motions while a needle is fixed in it. When
the heart or other mufcular parts of dying
animals ceafe to move, heat will renew their
contration, which is regularly alternate, al-
though the fimulus be unvaried : After the
auricle of a pigeon’s heart had ceafed to move,
I made it renew its alternate contractions, by
filling the #horax with warm water *; and af-
ter the vibrations of a frog’s heart had begun
to languifth, they recovered their former vi-
gour and quicknefs, by expofing it to the

heat of a fire.
WrEN muicles have been long in action,

or too highly ftrained, the member to which
they belong is obferved to be affected with a
tremor, which often lafts for a confiderable
time; 7.e. thefe mufcles are agitated with
fmall alternate contra@ions and relaxations,
notwithftanding the ftimulating caufe conti-

pyes prefent with them.
i
¥ Sedt, xiii. No 135. of this Effay.
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It might perhaps be imagined @ priors,
that a mufcle ought to remain contracted as
long as the flimulus or caufe of its contraction
continues to aCt upon it: but-the fa&t we fee
1s otherwife ; and the reafon of it {hall be ex-
plained afterwards *.  There are indeed a
few inftances of mufcles which are not alter-
nately relaxed, but remain uniformly con-
tralted as long as the ftimulating caufe conti-
nues to act with the fame degree of force,
fuch as the orbicular mufcle of the wvea, and
{fome others; the reafon of which fhall alfo
be affigned below 4,

11. IRRITATED mufcles are not only agi~
tated with alternate motions while the ftimu-
lating caufe continues to act upon them, but
alfo for fome time after itis removed ; though
they become gradually weaker, and are re-
peated more {lowly. If the irritation be great,
thefe alternate motions laft longer, and follow
one another more quickfy ; if weaker, they
are repeated after longer intervals, and {fooner
ceafe ; if extremely gentle, and the mufcle

not
¥ Sect. x. near the end,

4+ Ibid.
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not very fenfible, perhaps only a fingle con-
tration or two will enfue [9.].

Some of the fibres of the platyfma myoides
which were diffected off with a tumor, have
been obferved to palpitate like the heart of a
dying animal for a confiderable time ; and
the fame motions have been often obferved
in the mufcles of brute animals, when their
fibres were irritated after their feparation from
the body *.

THE heart of an animal newly killed, is
excited into motion by blowing upon it, or
touching it with the point of a pin ; and this
motion often lafts a great while, although the
flimulus is not renewed.  After a pigeon’s
heart had ceafed to move, its vibrations were
not only renewed by drawing afunder the
fides of the divided #borax, but continued for
a confiderable time .

12. THE motions of muicles from a fimu-
fus are quite involuntary.

Every one muft be {enfible of the truth
of this affertion, who has ever felt any of

thofe
* Vid. Se&. xiii. Ne 3. '
+ Sedt. xiin, Ne 16, & 17.
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thofe {mall convulfions or pulfatory contra-
¢tions, which frequently happen in different
parts of the bady, and which feem to be ow-
ing to fome irritation of the fibres or mem-
branes of the muicle contra&ed, either from
acrid particles in the fluids irritating their {fen-
fible nerves, or from too great a diftenfion of
their tender veflels by the ftagnation of the
circulating fluids. 'The muicles called accele-
ratores urine, though at other times entirely
under the power of the will, yet while the
Jfemen continues to bg poured into the begin-
ning of the urethra, are agitated with ftrong
convulfive contractions, which we can neither
increafe nor prevent.—When the tendinous
fibres of the obliguus inferior of the eye, or
of any other of its mulcles, are gently ftimu-
lated with the point of a file, the alternate con-
tractions which enfue, are altogether involun-
tary, and can neither be accelerated, retarded,
augmented, nor diminifhed by the power of
the will. The fame thing is true of the mo-
tions of the ftomach and dlaphmgm, excited
by emetics. From which it follows that,

13. THE power of flimuli in exciting the mu-
fcles
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fcles of living animals into contra&ion, is
greater than any effort of the will.

Tur truth of this is ftill further conﬁrmﬁ&;
by the following obfervation. A man aged 23,
who, from a palfy of twelve years continu-
~ance, had loft all power of motion in his left
arm, after trying other remedies in vain, at
laft had recourfe to electricity; by every thock
~of which the mufcles of this arm were made
to contract; and the member itfelf, which
was very much withered, after having been
eleétrified for fome weeks, became fenﬁbly
plumper.— If then the voluntary mufcles
can, even in a palfied ftate, be excited into con-
traction by the action of a fizmulus on their fi-
bres, it follows, that when this is applied to
them in a found and more fenfible ftate, any
effort of the will to prevent their contraction,
muft be vain and impotent.— Hence the mu-
{cles of voluntary as well as of involuntary
motion ceafe to be under the power of the
will, while their fenfible fibres or membranes
are irritated by a flimutlus.

14. THERE are therefore three kinds of
contraction obfervable in the mufcles, all of
them
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them different from each other, <7z, natural
[4.2and 5.], voluntary [7.], and involuntary,
from a fimulus [8. 9. 10. 11.12. 13.].  The
firft is very gentle, equable and continued,
and is owing to the caufes mentioned IN° 4.
The fecond proceeds from the imimediate
power of the will, is always ftronger, and
may be continued for a longer or fhorter time,
or performed with more or lefs f:{}I'CEj as one
pleafes.  The third is ftrong, but fuddenly
followed by a relaxation, feems to be a necef=
fary confequence of the action of the fimu«
fus, upon the mufcle, and cannot be affected,

cither as to its force or continuance, by the
power of the will.

15. Tuz natural contradtion above explain-
ed, is what we obferve in the fphincters and
mufcles deftitute of antagonifts.

16. WuiLe the {fphincters of the anus and
bladder, and thofe mufcles whofe antagoniits
are deftroyed, remain always in a ftate of con-
traltion, and while fuch mufcles as have an-
tagonifts, are kept in equilibrio, or without
any motion, except when the will interpofes ;

the
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the heart, which has no proper antagonitt,
is alternately contracted and dilated, without
our being able, by any effortof the will, di-
rectly to hinder or promote its motions.

17. THE contraétion of .the heart is there-
fore not only involuntary, but of a different
kind from that of the {phincters and mufcles
deprived of antagonifts; and feems, as to its
phenomena, to agree with the contrattion of
mufcles from a flimulus. [14.]

18. THE mind may, by difufe, not only lofe
its power of moving even the voluntary mu-
{cles, except in a particular way, butalfo of
exciting them into contraction at all. © Of the
former we have an example in the uniform

' motions of the eyes; and of the latter in the
mufcles of the external ear, and of {uch
members as have remained long without mo-

tion.

& i ‘SECT.
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SEC'I’ II

An examination q}" the apzmam qf ﬁma ff fbg
- mof} confiderable autbors rmcﬂrﬁmg the motion
_. gf the heart. 1t 3¢ '
T fcmm to have been the prevailing opinion
among many of the antient Phyficians;
that the motion of the heart was owing toa
vital principle particularly refiding in it. Ga-
len thought motion as natural to the heart, as
reft to the other mufcles.—Des Cartes;. much
lefs verfed in Phyfiology than in Mathema-
tics,  Aattributed the motions of this:organ
wholly to the ebullition of the blood dropping
intoits: ventricles ; and contended;o that this
fluid was not pufhed into the arteries by the
mufcular contra&tion of the heart, - but that
it forced its way into them by its own explo-
five power. After Harvey's dotrine of
the circulation was fully eftablifhed, the heart
was allowed to be a mufcle, and its [fyfole to
be analogous to the contradtion of other mu-
{cles; the vital fpirits of the nerves were fup-

poled
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poled to flow alternately into its fibres; either
on account of valves,: which by turns admit-
ted and denied them a'paflage; or becaufe it
was. thought that the' {pirits'could. only be
difcharged by drops, rand not in an.equable
ftream, from the extremities of . fuch fubtlle
thbesias thie nerves Fan ol i p1nces $nntiastd

Various other byparbf}fs were framed to
explain the alternate motion of. thqihcart o
problem not lefs difficult than curious! Thefe
I fhall pafs over in ﬁlmce, 1f:avmg thern to
fall by their own abfurdity, or the arguments
 of others; and content myf{elf with mention-
ing the defects of fome of the latter fyftems,
which, from their plaufibility, or the high
cham&er of their authors, are intitled to the
greatﬁﬁ regard. |

TuE theory of the heart’s motion, which
has of late years met with the moft favour-
able reception, is that of the celebrated Boer-
haave, who deduces the alternate [yffole and
diaftole of this mufcle, chiefly from the pe-
culiar circumftances of the cardiac nerves;
for as much the greateft part of thefe nerves
pafles between the aurlcles and large arteries

of
* Borell, de mot. animal, Iib. 11. cap. 6. prop. 79
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of the heart, he concluded that they nmuft be
comprefled at the end of every fyffole, when
thefe cavities and veflels are greatly diftended
with blood; whence the motion of the 'fpitjit;s
being intercepted, ' the heart muft be render-
ed paralytic; but that whenever, upon the
fubfequent contraction of the auricles and ar-
teries, this compreffion ceafes, and the nerves
tran{mit their fluid aﬂ*-ifarmtrl}r,_, the heart muft
contract anew *. '

Tuis by p&fbg‘ﬁ.r, hc-wewr ingenious, will
‘appear altogether infufficient, if we 1mpart1—»
ally attend to the follﬁwmg cmnﬁderatmns

1. Arr the cardidc nerves don’t pafs be-
tween the auricles and arteries. Not to men-
tion many {maller ones, there are two very
confiderable branches from the par vagum di-

fiributed to the mufcular {ubftance of the
heart, which neither pafs between the two

auricles, nor the two arteries, nor between
the auricles and arteries, and therefore can-

not be liable to any alternate comprefiion
from them .

3y ony |
#* Tnftitut. med. fe&t, 400 .

+ Vid. Lower. de corde, edit. Lugdun, Batav 13.
eab. A, lit. IL. i : 5
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2, I believe it will be difficult to perfuade
unbiaffed inquii‘crs;'that the nerves (fuppn—-
fing they all had their courfe between the
auricles and arteriés) can fuffer “any fuch
comptefiion as is here required ; confidering
the foftnefs of the parts, and' the fat upon
the external coat of the arteries and auricles
which may well be imagined to defend themi
in a great meafure from it: befides it is
ftrange that we don’t obferve other mufcles
of the body become alternately or conftantly
paralytic, whofe nerves run contiguous to any
confiderable artery, ‘or are comprefféd by any
preternatural tumor. RQuz fit, obfecro, fays the
accurate Morgagni, ut nervi intercoftalis mu-
nera ab affidua arieriee carotidis pulfatione non
turbentur, prefertim cum is nervus nom poffit
cedere, fed communis ipfi, & arterie offei fo-
raminis parietibus allidatur 2. Qui fieri poffet,
ut in Vencta mulicre, quam cum amicis diffecui-
mus, cum arterie fubclavie finifire fuperiores
pofticique  parictes in aneurifina expanfi, duos
trefve mervos ex iis qui-ab inferioribus cervicis
‘wertebris ad brachium defcendunt, nulla provfus
anterpofita re contingerent 5 qui fieri, inquam,

P
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poffet, ut nulla tamen debilitas,  nullus ta{pax n
eo brachio fuerit ﬂmmﬂd'uf?fw ‘ "

- "Way, are not all the vifeera in the." ahda-r
men, to which the intercoftal nerves are, dif-
tributed, agitated with alternate contralions
an{wering to thofe of the diaphragm, f{ince
thefe nerves, by pafling: through the flethy
part of this'mufcle, muft be liable to com~
preflion every time infpiration is performed ?
And why do not many of the voluntary mu-
{cles, when ftrongly contracted, caufe palfies
or {tupors of the parts below them, by pref-
fing upon the nerves to which -they are con-
tiguous ? . SoTes0

3. It is to be remarked;: that a flight com-
preflion of a nervé is not-fufficient to render
the muicle it ferves paralytic : thus the ulnar
nerve muft be pretty ftrongly comprefled a-
gainft a hard bone, before the ring and little
fingers are deprived of their power of mo-
tion ; nor does this happen without bemg at~
tended with a difagreeable - fenfation in-thefe
parts. |

4. As

% Mborgaon: adverfar. anat. vi. animad. 24.
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- 4. As the compreflion of the ulnar nerve
does not immediately bring a palfy on the
mufcles of the fingers now mentioned, but
after it has been continued for fome confiders
able time ; {o when this preflure is removed,
the motion of thefe mufcles does not return
immediately and-all at once, but by degrees,
and not till after fome time : wherefore, al-
]Di;?iﬁé the cardiac nerves were alternately
comprefled by the auricles and arteries, yet
the heart ought not to be rendered inftantly
paralytic by fuch 'comprefiion, nor fhould
immediately, upon its ceafing, recover its
motion. ~ But further,

8. GRANTING the cardiac nerves fuffer-
ed as great compreflion in their paflage be-
tween the auricles and arteries to the heart,
as the advocates for this opinion could defire ;
what will follow ? an effe@ furely altogether
-4 different from that which is here contended
for ; fince the immediate confequence of fuch
compreflion muft be the {queezing forward
towards the heart, the fpirits fuppofed to be
| contained in that portion of the nerves which
| i below where the compreflion is made. If

then
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then the nerves are hollow tubes which con<
vey a fluid to :the heart in order to its con-

traction, the firft and moft immediate effect:
of their being comprefled by the dilatation

of the auricles and arteries; muft be a quick-

er propulfion and more copious derivation of
the {pirits into its fibres; z. e. the heart ought

to be moft ftrongly contracted, at the time its,
diaflole is obferved to begin. . And in fact

we find, that a ligature made on the par

vagum is fo far from rendering the heart'im-
mediately paralytic, and preventing its con-

traction, that it caufes fltrong convulfive

motions or palpitations of this mufcle. -

6. Tuis fuppofed alternate comprefiion of -
the cardiac nerves by no means accounts for
the motion of the auricles, whofe fyffole hap-
pens when their. nerves ought to be compref-
fed, and confequently when the derivation of
the {pirits into them fhould be intercepted. If |
it be faid, that the auricles are ready to con-
tract when the fy/flo/e of the ventricles begins,
but that, being weaker mufcles, they muft
wait till this is over *? I anfwer, that then,

| | during

* Bellin, de motu' cord. prop: 2.- Ket!’s anatomy cap. 3.
fect, iv.
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during the contration of the ventricles, the
auricles fhould become pale and tenfe;
fince, when the influence of the nerves 1s
copioufly determined into any mufcle, it be-
comes equally hard, whether it be allowed
to contrad, and its extremities to approach
each other, or not. But further, as an in-
flux of {pirits into the fibres of any mufcle,
muft be immediately followed by an en-
deavour in them to contrac&, {o if this be

prevented, as foon as the fpirits are again in-
tercepted, their influence to produce any
contraction will ceafe. This is evidently the
cafe with fuch mufcles as are under the
power of the will, where any fudden but not
continued effort, if it is not allowed that in-
ftant to take effect, immediately vanithes; nor
is it to be doubted, that the fame thing muft
happen to the auricles of the heart. But, be
this as it will, it is evident, that the alternate
motions of the auricles cannot be owing to a-
ny compreflion of their nerves; fince it 1s ac-
knowledged, by the beft Anatomifts, that the
courfe of thefe nerves is fuch, as cannot fub-
je€t them to any alternate preflure *; which
E 18

* Lower de corde, p. 18. tah. A. Lit.II, =
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is alfo true of all the cardiac nerves in thofe a=
nimals whofe hearts have only one ventricle.

7. In dying animals, the right ventricle
continues to contract after the left one has cea-
{ed, and the right auricle performs its motions
for {fome time after its ventricle *¥. Thefe al-
ternate motions of the right ventricle and au-
ricle cannot, however, pofiibly arife from any
comprefiion of their nerves; fince, in the firft
cafe, neither the gorta nor left auricle are di-
lated with blood at the end of the fyffole of
the right ventricle; and in the latter, the
pulmonary artery alfo remains empty. Fur-
ther, the hearts of many animals, after be-
ing feparated from their bodies, continue for
fome time to be alternately contraéted and re-
laxed with great regularity, when there can
be no alternate compreffion to intercept the
nervous influence at the end of every fyffol.

3. LastrLy, It may well be looked upon as
a defect of this theory of the heart’s motion,
that it does not any way affift us in explaining
the fpontaneous action of other organs in the

body,

* Harvey de mot. cord. et fang, cap. 4.
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body, whofe nerves cannot with any colour
of reafon be fuppofed liable to an alternate
comprefiion. ‘

SomE have imagined, that, asthe interco-
ftal nerves pafs through the fame holes of the
cranium with the carotid arteries, they muft
therefore fufter fuch compreflion from the
diaftole of thefe arteries, as fhall render the
heart paralytic at theend of every fiffole. In
anfwer to which, it may be fufficient to afk,
why the other muicles and vifcera which re-
ceive nerves from the intercoftals, do not ex-
actly correfpond with the heart in their moti-
ons ; or why the auricles and ventricles of the
heart are not contra@ted and relaxed at the
fame time ?

THE learned De Gorter, fully aware that the
fuppofed alternate compreflion of the cardiac
nerves afforded no fatisfactory account of the
motions of the heart, fuppofes that vital or
involuntary motion is owing to one and the
fame caufe, both in the heart and other organs
of the body: this caufe he imagines to be fuch
a ftru¢ture of the involuntary mufcles, that,
when their fibres are dilated by the fpirits,
the fmall nerves which pafs between them are

comprefied ;
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comprefled ; fo that no fooner are the fibres
inflated, than the {pirits are intercepted, and
confequently the mufcle begins to be relaxed;
but this relaxation of the mufcular fibres, free-
ing the nerves from compreffion, the fpirits
are tran{mitted as formerly, and the mufcle is
contracted anew. - And in this manner he fan-
cies that, aslong as life remains, the mufcles
of involuntary motion muft be alternately con-
tracted and relaxed *, But,

1. NoT to infift, that this firucure of thevi-
tal organs is entirely hypothetical, and unfup-
ported by any experiment, or microfcopical
obfervation; it may be afked, why all the vi-
tal organs are not contracted, and relaxed at
the fame inftant; or at leaft why the motions
of fome are renewed after {horter, of others
after longer intervals ?

2. Ir {fuch were the ftruture of the mu-
{cles of {pontaneous motion, that their con-
traction muft be immediately followed by their
relaxation, how comes it, that, by an effort
of the will, we can keep the diaphragm in

its

% Gorter de motu vitali, fect, 39,
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its ftrongeft {tate of contraction, as long as
we pleafe ? and why does not the relaxation
of this mufcle neceflarily follow its contra-
¢tion, if its alternate motions depend on a ge-
neral {tructure, common to it with the heart
and inteftines ?

3. In cafes where the lungs are obftruted
and refpiration is rendered difficult, we find,
that, even in time of fleep, other mufcles
befides the common infpiratory ones are
brought into alternate contractions, in order
to raife the ribs, and enlarge the cavity of
the #horax ; whence it appears, that mufcles

of the voluntary kind may, on certain occa-
fions, be employed in the performance of
the vital motions; and that there is nothing
therefore in the ftructure of thefe mufcles
peculiarly fitting them for {uch alternate mo-

tions,

4. FURTHER, the pupil (whofe motions
are as involuntary, and as little perceived by
us as thofe of the heart) is not immediate-
ly relaxed, after having been contracted by
the admiffion of light into the eye, but it

remains
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remains in the fame degree of contraction, as
long as the fame quantity of light is tranfmit-
ted to the retina; which could not happen,
if any fuch ftruGure really obtained in the
mufcles of the wwea, as De Gorter fuppofes
in the mufcles of involuntary motion. We
reject therefore his theory, notonly as a mere
bypotbefis without any foundation, but as
wholly infufficient to explain the various
phanomena of {pontaneous motion.

Some ingenious Phyfiologifts have ima-
gined the contraction of the heart to be ow-
ing to the elaftic power of its fibres, which,
after they have been ftretched by the return-
ing venous blood dilating the auricles and
ventricles, refile, like a bent bow, with a con-
fiderable force. But the force with which
a fpring recoils, is ever proportional to the
power which bent it; wherefore, fince the
fides of the heart contraét with a much
greater power than that with which they
were forced afunder, the fyffele of this mu-
fele cannot arife merely from the elafticity
of its fibres, but muft be owing to fome ad-
“ditional imperzs at that time communicated
to them. | '

Tuus
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Tuaus much being premifed, in order to
thew the weaknefs and infufficiency of fome
of the moft plaufible theories, that have
hitherto appeared concerning the heart’s mo-
tion ; we fhall endeavour, in the following
Section, to give fuch an account of its fyfole,
as it is hoped will appear no lefs fupported
by reafon and analogy, than founded in ex-
periment and obfervation, as well as ftrong-
ly confirmed from its fully anfwering all the
phanomena.

S EC T 1L
Of the fyftle of the beart.

ErorE we inquire into the caufes of
the alternate motions of the heart, it

will be proper briefly to mention and de-
{cribe the three different ftates of that mu-
{cle, viz. its contraltion, relaxation, and di-
latation ; of which the firft and laft may be
{aid to be violent, and the fecond only natu-
ral to the heart. During its fjflole, the heart

15
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is contracted in all its dimenfions *, and its
fubftance becomes remarkably hard: This
ftate, which fcarcely lafts one third of the
time interveening between each contraction,
is followed by a general relaxation of the
heart, by which this mufcle becomes foft and
flabby, and is rendered fomewhat longer. Bar-
tholine calls this the perifyflole of the heart +-.
It continues a much fhorter time than the
fiftcle, the ventricles being inftantly, after
their relaxation, filled with the returning
venous blood, and diftended much beyond
their natural capacity, or that which they
are obferved to have in animals newly dead ;
when the fibres of the heart are neither con-
tracted nor dilated by any adventitious force,
but left entirely to themfelves. The diaflole

of

¥ It has been warmly difputed, whether the heart is
fhortened or elongated in the time of its fj/s/e.  But, after
carefu]l(f infpecting the hearts of frogs and eels, both in
the body and when feparated from it, I can’t help (not-
withftanding the authority of 7Zinflow on the other fide)
agreeing with Dr. Hunauld and others, who affirm, that the
heart is diminifhed in length, aswell as in breadth, when it
begins to contract.  Vid. hiftoire acad. des fciences 173y
edit. 8vo. p. 33. &e.

+ Anatom. p. 37. 377. 378.
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of the heart being thus fully completed its
Siftole immediately enfues.

‘SuprosinG the heart now inits full diaftole ;
let us inquire what change has happened

[

itn it fince the end of the preceeding fyffole,
~which may be fuppofed capable of bringing
it info a new contraction.—We have already
fhewn, that the nerves of the heart are not, at
this time, freed from any compreffion which
a little before could have rendered it paraly-
tic. And if one fhould fuppofe fome general
ftruture in the cerebellum, which determines
the vital {pirits through its nerves alternate-
ly, and as it were in fucceeding waves, yet
this would not account for the motions of
the heart; fince the alternate contractions
of this muicle continue for fome time after all
communication between it and the cerebellum
has been cutoff. Further, as the contracions
of fome of the organs of vital motion are
performed after thorter, of others after lon ger
intervals, we muft neceflarily fuppofe, at the
jorigin of the nerves belonging to each organ, a
\different caufe alternately determining the {pi-
rits into it. But of fuch bypothefes, without ei-
\ther proof or probability, there can be no end.
F - During




42 . Of the ViTAL and

DuriNGg the diaffole of the heart, all
its coronary veflels, which were in a great
meafure emptied by the preceeding fyfole, are
filled with blood violently pufhed into them
by the contraction of the aorfa : but as the ar-
terial blood is not immediately neceffary to the
contraction of a mufcle *, and feems only to
contribute to it in a fecondary way, this alone
will be thought far from being fufficient to ac-
count for the fucceeding fyffole of the heart.
"Tis true indeed that warm water, injected in-
to the arteries of an animal newly dead, ex-
cites the mufcles, to which thefe arteries are
diftributed, into contraction. But this contra-
(tion is {o weak and {o unlike that of the heart,
that I perfuade myfelf, hardly any one, will,
from this experiment alone, imagine the fy/fole
of the heart, to be owing to the arterial blood
pufhed forcibly through all its veffels, in the
time of its diaflole; efpecially finee we don’t
obferve the leaft degree of an alternate mo-
tion in the {phincters of the anus and bladder,
from the blood being more ftrongly impelled
through their veflels, upon every contra&ion
of the heart, than during its digffole. This
matter however is put entirely beyond difpute,

by
¥ Sedl. 1. N° 3. of this Effay.
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by the heart’s continuing to repeat its contra-
&ions, not only after the coronary arteries,
and pulmonary veins are tied, but after it is
{eparated from the body. The blood then
with which the coronary veflels of the heart
are filled during its digffole, being as infuffi-
cient as is the fuppofed compreflion of the
cardiac nerves, to account for its fucceeding
[fyftoles it remains, that we next inquire, what
influence the returning venous blood, with
which the ventricles of the heart are diftended
during its diaflole, may have in producing its
fubfequent fyffole. And is it not reafonable
to fuppofe, that this fluid returning by the ca-
we and pulmonary veins, and rufhing into the
cavities of the heart, with a confiderable force,
mutft by diftracting its fibres, as well as by its
motion and attrition upon the {cabrous {urface
and flethy pillars of the ventricles, {o ftimu-
late and affet the fenfible nerves and fibres of
the heart, asto bring it immediately into con-
tration *,

TrouGH fome authors have long fince a-
{cribed the alternate motion of the heart, to
the irritation of the blood received by turns

into

* Sed. 1. N°8.q. &,
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into its cavities ¥; yet as this caufe has been
much overlooked by many later writers, and
not rightly underftood by fome others, we
{hall endeavour to confirm, and illuftrate the
manner of its influence, by a variety of ar-
guments.

‘WiiLE fome authors have afcribed the con-
traction of the heart folely to the blood, con-
fidered as a ftimulating fluid, which irritates
the internal furface of its ventricles; others
have been unwilling to allow, that the blood
alts in any other fenfe as-a fimulus, upon the
heart, than as by its weight and impulfive
force it ftretches and diftraéts the fibres com-
pofing its ventricles |-, - But the increafed mo-
tion of the blood, from the contagion of the
fmall pox, meafles, &, and after eating or
drinking any thing acrid, as well as the power
which acrid or ftimulating things have in re-

| newing

* Certumque cft, veficulam di®tam, ut et cordis auri-
culam poftea, (unde pulfatio primum incipit) a diftenden-

te fanguine, ad conftrictionis motum irritari.  Harvey de
general. animal. exercit. 51. :

- Fibra cordis virtute micationis vitalis fanguinis in ejus
ventriculis contenti, per vices irritatae, excitantur ad fe con-
trahendas et pulfationem faciunt, mox irritatione remiffa
relaxantur. G/iffon de ventricul. et inteflin. cap. 7. p. 170.

t Sengc, traite du COEUR lib. 2. cap. 4. feét. 4.
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newing the heart’s motion after it is {eparated
from the body, are circumftances which thew,
that the contraction of the heart is not folely
owing to its fibres being diftracted by the mo-
ment of the blood, but partly to the irritation
communicated to its internal furface by the
particles of this fluid. - And the remarkable
diminution of the periftaltic motion of the
guts, when the cyftic byle is hindered from
flowing into them, makes it evident that the
ftretching of the fibres of the inteftines, by
the contained air and aliment, is not the {ole
caufe of their fucceeding contraction. On the

other hand, the increafe of the heart’s moti-

on from exercife, or from any other caufe,
whence the blood is returned in greater quan-
tity, and with more force, its diminution

‘by blood-letting, the phenomena of the moti-
~on of the ftomach, and of the expulfion of the

urine and feces *; all thefe particulars, I fay,
prove, that even the diftenfion of hollow mu-
{cles has, a remarkable influence towards ex-
citing them into action .—And that the blood
1s extremely well fitted, to act upon the heart
asa flimulus, in both thefe ways, will appear,
if
* See fedt. 5. below.
+ See fect.1, N° 8. above.
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if we confider its compofition, heat, inte-
{tine motion, what qualities it may probably
ceceive from the air, and the force with
which it rufhes into the cavities of the

heart,

1. As to its compofition. The blood con-
fifts of the fame principles with our aliments,
and confequently abounds with falts and
oils. 'The falts of the blood are partly of
the fixed neutral kind, and partly rendered as
it were femivolatile by the heat and motion
to which they are fubjeCted; both are ex-
tremely apt to irritate very fenfible nervous
parts ; for we know that any kind of falt
applied to the eye gives remarkable uneafi-
aefs.—The oils in the blood are either thofe
of animal fubftances, the exprefled oil of
vegetables, their attenuated oil by fermenta-
tion, commonly called alchol, or laftly the
acrid oil of aromaticks. The two firft are .
no way acrid or fit to act as a flimulus, uns
lefs they have been highly attenuated by long
expofure to heat, or by attrition ; the two
latter, viz. ardent {pirits and the oil of aro-

matics are very apt to irritate the tender
fibres
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fibres of live animals. Hence it is that {pi-
rituous liquors largely drunk and hot fpices
too freely ufed, quickly raife the pulfe, and
make the heart as it were redouble its contra-
¢tions. Hence eating animal food or drink-
ing ftrong liquors, which abound with
{aline and acrid particles, remarkably quick-
ens the circulation, and increafes the heat of
the body, while a dinner of milk, mild
herbs, or cooling fruits, makes little altera-
tion in the pulfe. The blood therefore as it
is impregnated with falts and attenuated acrid
oils, muft be very well fitted to give a gentle
Jlimulus to thofe fenfible nerves and mem-
branes which line the auricles and ventricles
of the heart.

Ir it be objected, that the blood difcovers
no acrimony to the tongue, nor {enfibly irri-
tates the eye ; it may be fufficient to anfwer,
that, though this fluid be remarkably falt to
the tafte, yet I don’t afcribe the whole ftimu-
lating power of the blood to its acrid par-
ticles alone, but to thefe in conjunction with
{everal other qualities and circumftances juft

now to be confidered. But further, al-
- though the blood did not difcover the leafk

degree
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dégrﬂe of ﬁtrimﬂn)r when applied to the
nerves of the tongue (which however is not
the cafe), yet it might be fitted to a&t as a
very powerful flimulus upon other nerves of
the body, differing from thefe in their confti-
tution and greater fenfibility.—Many poifons,
efpecially of the antimonial kind, are void of
almoft any degree of acrimony, as far as we
can judge by the tafte; yet they fo ftrongly
and difagreeably affect the nerves of the fto-
mach, as to bring this bowel, together with
the neighbouring parts, into violent convulfi-
ons, and produce a train of the moft direful
{ymptoms; by which all the funtions of the
animal frame are greatly difordered, inter-
rupted or finally ftopt. The roots of the ¢z=
cuta aquatica are {weetifh, but neither acrid
nor difagreeable; and cataplafms of them ap-
plied to inflammed or ulcerated parts, ~ occa-
fion no bad fymptoms *; yet, when taken into
the ftomach, they foon throw the whole body
to the moft terrible convulfions, which ge-
nerally end in death. The berries of the
- rhus myrtifolia monfpeliaca, though there be no-
thing in their tafte or fmell to render them fu-
{pected,

® Wepfers hiftoria cicut. aquat. p. 84.
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{pected, yetalt fo powerfully upon the nerves
of the ftomach, when fwallowed, that, in
half an hour after, they bring on an epilepfy,
whofe repeated attacks kill the patient in lefs
than 24 hours *.—Viper’s poifon affets nei-
ther the nerves of the tongue nor ftomach
with any difagreeable fenfation; yet the {mal-
left drop of it received by a wound into the
blood, feems not only to a& as a ferment
upon this fluid, but, by its ftimulating qua-
lity, to affe@ moft violently the whole ner-
vous and vafcular fyftem. The putrid ex-
crement which gives no difturbance to the ¢o-
lon or reffum, till byits quantity it overftretches
their fibres, would create ficknefs and vo-
miting in the ftomach.— Urine which {carce
ftimulates the bladder till it begins to diftend
it too much, when injected into the great guts,
_proves a good purgative clyfter.—Warm blood
received into the ftomach by a rupture of any
of its veflels, provesvery ungrateful toits nerves,
but no way offends the nerves of the heart
or arterial {yftem.—~—Every one knows what
remarkable changes happen in the body about
the time of puberty: thefc changes are ge-

G nerally
* Memoires acad. {ciences 1739. edit. 8vo, p. 627.
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nerally and not without reafon afcribed to the
femen, which now begins to be duly prepa-
red: they do not however feem to be owing
{fo much to the reception of the finer parts of
this' fluid into the blood, as to its peculiar a-
&ion upon the nerves of the #effes and veficulee
feminales; yet the femen, when applied to the
nerves of other parts of the body, neither
fenfibly titillates them, nor produces any re-
markable effets.

THUSs it appears from a variety of ex-
amples, that the nerves of different organs
in the {ame animals are {o conftituted, as to
bg very differently affected even by the fame
things: So that we cannot abfolutely take
upon ourfelves to judge, by our tafte or
imell, how far any liquor may or may not
be adapted to act as a_ffzmulus upon the nerves
of a particular organ; and, confequently,
that although the blood fcarce alts as a flzmu-
fus upon the eyes and tongue, it may never-
thelefs give fuch a gentle irritation to the
nervous papilie of the heart, as may be fuf-
ficient to excite this mufcle into contraction s
which will further appear, if we confider
the heat of this fluid.

2, HeaT
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2. HEAT feems to be no more than a vio-
lent vibration or'motion in the fmaller parts of
bodies ; therefore the blood, as it is a warm
fluid, muft have its particles agitated by per-
petual vibrations, which muft be communi-
cated to the nervous papilie on the fides of
the heart, and excite in them correfponding
ofcillations : - befides, as the blood abounds
with oily and fulphureous particles, it muft,
by its motion and attrition againft the veflels,
acquire vibrations {till more remarkable.

THE effect which ‘heat has in exciting the
mufcular fibres of animals into contraétions,
and thus promoting the circulation of the
fluids, is too well known, to admit of any
doubt. By different degrees, of warmth or
cold, infe&ts and the chick in the thell,
may at pleafure be made more or lefs lively,
configned to death or reftored to life *.

7. THE particles of the blood, befides
the ofcillations they are put into by heat,
are agitated by a motion of another kind.

As

* Vid. Harveyde motu cordis, cap. 17. de genera-

tione animal. exercitat. 17. & Reaqumur. hidtoire des
infectes, tom. 2. memoire I,
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As vegetables make up the chief part of our
aliment, the chyle is generally acefcent ; yet
the blood and other perfectly elaborated ani-
mal juices are of a contrary nature, ever tend-~
ing to putrefaction, and when heated by the
fire, afford a wvolatile inftead of a fixed alca-
line falt: fuch a change in the nature of the
chyle, could not be produced without an in-
teftine motion of its particles; which we
find to be the grand inftrument of nature
in changing the texture and difpofitions of
all vegetable and animal bodies *- ‘This in-
teftine motion added to the vibrations of the
particles of the blood from heat, will ftill
better qualify it for acting as a flzmulus upon
the extremely fenfible and tender nerves of
the heart.

4. SIR

* It is as unreafonable to deny any degree of inteftine
motion in the fluids of animals, becaufe this is not per-
ceived by our fenfes, as it would be to argue againft their
being poflefled of any degree of heat, becaufe we are not
fenﬁglt of their warmth when moving through our veflels.
A fluid, fuch as the blood, compofed of various and dif-
agreeing particles, whofe attraétive and repulfive powers
are very different, and upon which the fame degrees of
heat and fri¢tion muft have different effeéts, cannot fail,
by its rapid motion, to have its globules and their conftituent
parts agitated with brifk vibrations.
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4. S1R Ifaac Newton imagined, that the
beating of the heart was continued by an a-
cid vapour in the air, received into the
blood by means of refpiration *. Even the
hints and conjeCtures of fo great a man de-
ferve uncommon regard ; and, as he was no
lefs remarkable for his caution in advancing
hypothefes, than for his deep knowledge of
nature, we may readily believe he did not
propofe this opinion to the world without
fome good reafons, although, as they were
not quite fatisfying to himfelf, he has fup-
prefled them, and left the further clearing
~of this matter to pofterity.

- WHAT it is in the air which is fo neceffary
to the continuance of animal life, I fhall not
pretcnd to fay; but it feems highly pro-
bable, that the death of animals in a con-
fined ftagnant air, is neither ‘Whﬂll}" owing
to its want of elafticity, its too great heat,
or moifture : and if this be {o, refpiration does
not ceafe in fuch air, on account of its abfolute
unfitnefs to dilate the veficles of the lungs,

but becaufe the animal foon becomes unable
| to

* Optics, edit. 8vo, p. 353,
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to move duly the mufcles, whofe acion is
required for enlarging the thorax: This
feemns to happen only from a failure or want
of the influence of the brain and nerves, and
this laft from a more languid propulfion of
the fluids by the heart. If then we allow
the air to be impregnated with an extremely
active vivifying {pirit, which being mixed
with the blood in the lungs, befides its o-
ther effelts, alts powerfully as a flzmulus up-
on the auricles and ventricles of the heart;
’tis eafy to fee, that, as foon as this {pirit is
confumed in a confined air, the heart’s mo-

tion muft flag, and confequently all the
vital and animal fun&ions become more and

more languid, till death at laft enfues.

But this only by way of conjecture.

¢. A body, whether fluid or folid, of a
nature which qualifies it to act as a flrmulus,
will excite fo much the ftronger irritations,
by how much the greater force it is appli-
ed with, to the fenfible part; fince its a-
cute, acrid, or otherwife a&tive particles, muft
by this means ftrike more ftrongly againft the

extremities of the tender nerves. Hence the
blood,
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blood, which we have thewn to be well fitted
for gently irritating the fenfible membranes
of the cavities of the heart, muft, by its be-
ing pufhed into them with a confiderable force,
act with fo much the greater energy. But
further, as by the blood ruthing impetuoufly
into the auricles and ventricles of the heart,
thefe cavities are dilated beyond their natural
capacity, fo the diftraction which their fibres
muit fuffer on this occafion, cannot fail to
produce fome fort of irritation, and thus prove
a flimulus to their fubfequent contraction *.
Agreeable to this, Z/epfer has obferved, that
after one vermicular contraétion of the fto-
mach is performed, another does not fucceed,
till this bowel begins to be remarkably {wel-
led in its middle part by the rarified air con-
tained in it, or generated by the diffolving a-
liments: Butthis diftenfion of the ftomach no

{ooner

* It here deferves particular notice, that while the ven-
tricles of the heart are extended much beyond their natu-
ral fize, by the force of the refluent venous blood, the ten-
dineo-carnous chords which often run from one f{ide of the
ventricles to the other +, muft be confiderably ftretched and
elongated ; which cannot fail to produce an irritation in
thefe parts, and confequently to contribute towards exci-
ting the fucceeding /y/ffole of the heart.

t Vid. Cowper’s myotom. reformat, tab. 39. let. A, & tab,

40. let. £.
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fooner happens, than a new contraction of it
begins, which proceeding on towards the
pylorus, expels part of this air, and of the di-
oefted aliment, into the duodenum ; after which
this orifice collapfes, and a new intumefcence
of the ftomach quickly enfues *. - Hence it
appears how great an analogy there is, be-
- tween the caufes of the alternate contraction
of the heart and ftomach ; both being exci-
ted, partly by the diftraction of their fibres
by a diftending caufe, and partly by the irri-
tation of their fenfible nerves by a ftimula-
ting one. In like manner the contraétion of
the bladder of urine, and the defire of evacu-
- ating this fluid, is not only owing to its acri-
mony ftimulating the nerves of the bladder,
but alfo to its quantity overftretching the coats,
and diftralting the fibres of this organ.

Uron the whole, from what has been faid,
it may appear, that as the violent motion of
the fluids, and uncommon contractions of the
heart and arteries in the fmall pox, meafles
and other feverifh difeafes, is in a great mea-
fure owing to fome foreign particles mixed
with the blood, whence it {timulates the {olids

_ more
* Wepfer de cicut. aquat. p. 177. |
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tnore {trongly ; fo the ordinary and lefs vio-
lent motion of the heart, is owing to the gen-
tler flimulus of the fluids in a found ftate.

FurTHER, that the alternate contractions
of the heart are excited in the manner above
explained, a variety of other arguments con-
cur to {hew.

1. Tut quicknefs and firength of the heart’s
motion are, ceteris partbus, always proporti-
onal to the force with which the venous blood
returns to its ventricles by the vene cave and
pulmonary veins: hence exercife of any kind
accelerates the motion of the heart, and increa-
fes the force with which it contracs: a fit of
laughter will quicken the pulfe above twenty
beats in 2 minhute *: upon an intermiffion of
refpiration, the pulfe becomes fmaller, but
recovers its former ftrength immediately after
repeating it again - |

2. It appears from Dr. Hales's experiments,
that the blood returns to the heart by the two
vene cave with nearly % of the force with

H which

‘% Robinfon on the animal ceconomy, prop. 21,
+ Ibid, prop. 24.
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which it 'was puthed into the aorfa; and as
the left'ventricle of the heart is at leaft three
times -I’érongf:r than the right, the'retu-ming
venous blood will endeavour to dilate the right
ventricle with a force nearly equal to % of the
power with which it ufually contracts in the
time of its fyffole; and this even without taking
into the computation the additional zmpetus
communicated to the blood by the contraction
of the'right auricle: but, by violent ftraining,
the force of the blood in the veins is often
rendered above four times greater than ordi-
nary ¥, and confequently fuperior to that with
which the right ventricle contracts when the
body is at reft : wherefore, if we do nnt al-
low the ftrength with which the ventricles of
the heart contrad, to depend in a great mea-
fure upon the action of the venous blood upon
them, it will be difficult to conceive how the
right ventricle fhould be able to overcome the
force with which the blood rufhes into it, up-
on any {training or violent exermfe, “and in
horfes running at full fpeed. "Moreover, it

is evident, from the ftate of the pulfe in pe- |
ripneumonies, both before and after blooding,

| as
¥ Hales’s ftatical effays, vol. 2. p. 14, & 161,
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as alfo from the remarkable increafe of the
| force of the blood in the aorfa and its branch-
es after deep fighing *, that the ftrength with
' which the left ventricle of the heart contraéts,
is immediately increafed or diminithed, ac-
cording as the blood is {queezed with more
or lefs force through the pulmonary veins into
its cavity,

3. It is very obfervable, that the auricles
and ventricles of the heart are no fooner fil-
led with the refluent blood, than they imme-
diately begin to contraét; which ftrongly in-
dicates the influx of this fluid to be the caufe
exciting their fubfequent contraction. = In dy-
ing animals, thofe cavities of the heart ceafe
from motion firft, which are firft deprived of
the returning venous blood: hence in live dif-
feétmns, a little before death, when the blood
is not pufhed by the force of the right ven-
tricle beyond the capillaryarteries of the lungs,
the left ventricle being deprived of its fimu-
lus, 1s obferved firft of all to give over mo-
tion, and foon after it the left auricle: but

the right ventricle, being ftill fupplied with
bload
* Hales’s ftatical Effays, vol.2. p. 6. & 16,
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ool ool

blood from the two cave, continues its mo-
tions for fome confiderable time; and, even
after it feems to die, the alternate motions of
the right auricle are kept up by the {mall

{tream of blood which flows into it from the

cava. 'This however is not {ufficient to aGtu-

ate the right ventricle, till after feveral con-
trattions of the auricle, more blood being

collefted in it, it begins anew to tremble,

and, as it were with fome ftruggle and diffi-
culty, flowly performs another contraétion.
Laftly, after both the right ventricle and au-
ricle have wholly loft their motion, the right
Sfinus venofus continues for {fome little time gen-
tly to palpitate, and its tremulous motion,
when about to ceafe, may, like that of the
heart, be renewed by heat, or any thing elfe
that is capable to irritate its fibres *. Dr,
Langrifh tells us, that in a dog whofe zhorax
he opened, and whofe lungs he kept playing
with a pair of bellows, the auricles begun
the motion, and the fyffole of the ventricles
always inftantly followed that of the auricles.
When he defifted from blowing frefh air into

the

~ * Harvey de motu cord. cap. 4. & Waleus de motu chy-
1 & fang; epift. v. ad fin, Bartholin. anat. p. 783, & 784.
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the lungs, the heart lay ftill, but recovered
its motion when the lungs were ftrongly dif-
tended anew. In this action he never could
difcern that the ventricles began the motion,
but the auricles always contracted firft, and
immediately after them the ventricles; tho’
at laft he obferved feveral contractions of the
auricles which were not fucceeded by any
motion in the ventricles*.  From what has
been faid it plainly appears, why the motions
of the auricles and ventricles are not {fynchro-
nous, vzz. becaufe they receive into their ca-
vities at different times the returning blood,

which, as a fimulus, excites them into con-
traction.

4. PeorLE frequently recover from a lezpo-
thymia and [yncope as it were {pontaneoudly,
and without any external affiftance, becaufe
the chyle and lymph continue, by means of
the periftaltic motion of the guts, to be for-
warded to the fubclavian vein and cqavz; at
the fame time that the venous blood, partly
by the contractile power of the greater arte-
ries, and the ofcillatory motions of the wafaz

minIma

* Cronean le&tures, p. 61. 62.
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minima, and partly by the conftriction of the
cutaneous veflels from cold, is tran{mitted into
the branches of the two vene cave, and for-
warded to the right auricle of the heart,
which it firft ftimulates into contraction ; and
immediately afterwards fets the right ventricle
alfo a going.  Nay many people who have
been dead in appearance, have been reftored
to life by blowing air into their lungs, and
thus communicating a new motion to the
ftagnating blood in the cava zuferior and pul-
- monary veins. - Of this we have a remarkable
inftance recorded in the Edinburgh Medical
Effays, wol. . art. 55.; where we are told,
that a man was brought to life, by diftending
his lungs with air, and putting the blood in
the pulmonary veins and left finus venofis into
motion, after his heart had remained at reft
for at leaft half an hour *: and that it was
in this way that the blowing into his lungs re-
covered him, is evident; fince no fooner were
the lungs thus dilated, than immediately the
heart begun to move, and fix or feven very
quick

* The inflation of the lungs, by prefling the wena cava

inferiors muft alfo have communicated a motion to the
blood in the right finus venofus.
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quick beats were felt below his left breaft ;
after this, the lungs continuing of themfelves
to play, a pulfe was foon perceived in the ar-
teries.  Hence it appears, that, in order to
fet the heart a going, and reftore life in ani-
mals which are not irrecoverably dead, it is
only neceffary to communicate fuch a motion
to the blood in the cava or pulmonary veins,
as' may enable it a little to dilate the auricles
and ventricles of this mufcle.

&. THE heart after it has ceafed to move,
is-not onlyfet a going again by determining
‘the venous blood into its cavities, but, in ani-
mals which have been for fome time dead,
its motion may be renewed by blowing air
through the thoracic du& or wvena cava into
its right auricle and ventricle, or through the
aorta into its left ventricle, Thus, while
Peyerus was endeavouring to diftend the 7e-
ceptaculum chyli and thoracic du& with air,
the heart was not only rendered turgid by
this fluid which had made its way into it,
-but immediately began to vibrate, and con-
tinued its motions for feveral hours *. The

{fame

; Peyeri parerg 7. p, 199. and 7Fepfer de cicut. aquat.
P: 99,
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fame experiment was afterwards repeated by
Brunnerus on 2 dog with equal fuccefs *:
And Harderus relates that in a ftork, which
had beeen killed by poifon; he made the
heart renew its motion, by blowing air into
the aorta 4. Since, in thefe experiments, and
in others which might be recited from other
authors, the heart, which had lain quiet,
and without any motion for a confiderable
time after death, was readily excited into con~
traction by the air ftretching its fibres, and

probably ftimulating its nervous papille;

and fince the heart, as we are told by Dr.
Harvey, may, after it has ceafed to move in
an animal newly killed, be again put in mo-
tion, by applying to it a little warm faliva §;
we need not be at a lofs to account for the
alternate motions of this mufcle in live ani-

mals,

# Experiment circa pancreas p. 271.
1+ Additamen ad Peyer:s parerg. 7. p. 201

I In columba certe experimento facto, poftquam cor
defierat omnino moveri, et nunc etiam auricla® motum
reliquerant per aliquid fpatium, digitum faliva madefactum,
et calidum cordi fuperimpofitum detinui: hoc fomento
quaﬁ vires et vitam pnﬂhmlmo recuperaffet, cor, et f:_]l.IS au-
riculae, moveri et fefe contrahere atque laxare, et quafi
ab orco revocari videbantur., Harv. de motu. cord, cap. 4.

i s i i i
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mals, where a warm a&ive fluid is alternate-
ly puthed into its cavities.

THERE is only one objection, which at

- prefent occurs, to the above account of the
" heart’s contra@ion, wsz. that its alternate mo-
~ tions may be owing to fome peculiar power
- refulting from the ftructure and conftitution

of its fibres, and that by virtue of this, it
is enabled to continue thefe motions long
after the blood has ceafed to act upon it. In
anfwer to which, it is fufficient to obferve,
that in dead animals in whom the motion of
the blood is ftopt, the heart remains at reft
till its vibrations are renewed by expofing it
to the open air, or by otherwife {timulating

it *: whatever power therefore may be

fuppofed to. refide in the fibres of the heart,
a flimulus of one kind or other is always ne-
ceflary to excite it into action. In living ani-
mals this fzmulus is, as we have f{hewn, no
other than the returning venous blood : 1n
animals newly dead, warm water, air, and
a variety of other f/muli excite into action
this power which feems to refide in the
fibres of the heart; which, whether it is

I owing

* Sedt, xiii. below,
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owing ‘merely to their mechanical ftruture,
to the animal {pirits lodged in them, or to
fonie other caufe, will more fully appear
in the'fequel of this Effay.

BY R HENE L Y,

Of the relaxation and diafkole of the beart.
AvinG fhewn that the Siftole of the

“heart is owing to the returning venous
blood acting upon its auricles and ventricles
asa Simulus, it remains that we next inquire
in what manner its rclaxatmn and digftole are
brought about. |

Tue ventricles of the heart havmg, by
their contraction, expelled their contained
blood into the aorfa and pulmonary arteries,
are immediately after relaxed; their fibres
lofing that tenfion and firmnefs which they
had the moment before. This relaxation
of the heart muft neceffarily follow its fy/fole,
fince the mufcles of living animals, after be-
ing excited into contraction by any fimulus -
~applied to them, are quickly relaxed again *.

What
#* Se&t, i.N°10. & 11. above,
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What may be the reafon of this phenomenon
we. thall not now inquire, but refer it to be
afterwards difcuffed in a more proper place * ;
it being fufficient for our prefent purpofe that
the thing is allowed to be true. = Only we
may obferve with refpe& to the heart, that
as the ftimulating caufe (vzz. the blood) is,
during the fyflole, expelled out of its cavities,
it is reafonable to think that the fibres of
this mufcle which were in a violent ftate,
will of themfelves endeavour to return to
their moft natural condition .

- Tue ventricles of the heart, in confe-
quence of the relaxation which happens to
their fibres after their fyfole is finithed, give
no refiftance to any caufe that begins to dilate

them,

# Se&. x. below,

+ Dr. Langrifh is of opinion, that when the heart is in
fyftole, fome of its fibres are always ftretched out beyond
their natural tone ; fo that by their elaftic reftitutive pro-
perty, they at in a certain degree as antagonifts to the
contracted fibres, and fo contribute to unbend them at
the end of every fyffole.  Cronean leciures, p. 55. But
whatever may be in this, it does not appear that the heart
is, by any thing in its make, better fitted to relax itfelf,
than the other mufcles; fince thefe, or even a few of their
fibres, when feparated from the body, and fo deprived of

their antagonifts, are obferved to be alternately cc:ntra&éd
and relaxed like the heart.  Vid. Sect. xiii. below,
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them, but will not without violence allow

their fides to be removed from each other,
{o much as happens during their diaflole.
¥rom Drs. Hales and Langrifl’s experiments
compared, it appears that the capacity of the
left ventricle of an ox’s heart, in confequence
of the natural relaxation of its fibres, is to its
capacity, when fully dilated by the refluent
blood, nearly as 1to 21 % As therefore
the relaxation of the heart'at the end of every
Jyftole, ‘is owing to the contraction of its fibres
‘ceafing at that time ; {o its full diaflole is pro=
duced by the returning venous blood, which
enters its cavities with a very confiderable

force.  Without this, it is impofiible that any |

relaxation of the heart could produce its dia-

ftole 5 fince a hollow mufcle, fuch as the heart |

or bladder of urine, can never be fully dila-

ted by means of its own internal mechaniim,
or without the affiftance of a diftending cauff_:l

introduced into its cavitigs‘ But althuugh the
diaflole, or full dilatation of the ventricles of
the heart, muft neceflarily be afcribed to the

force of the refluent blood ; yet this alone, |

without

% Vid. Hales's flatical effays, vol. 2. p.25. & Lan-

grié{:’s Cronean lectures, N° 147,

il e T el e
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without a preceding relaxation of their fibres,
would be infufficient to produce this effect.
"T'is true indeed, that the contra@ion of the
auricles, and momentum of the refluent blood,
are in fome fenfe antagoniits to the ventricles*;
but both thefe taken together, falling much
fhort of the force with which the ventricles
contra&t, there muft neceflarily be fome other
caufe, which relaxes the fibres of the heart,
and renders them as it were paralytic at the
end of every fyffole. Befides this, the flaccid
appearance of this muicle, immediately after
its contraction is finithed, and before its ven-
tricles are filled with blood, demonftrates be-
yond all doubt, that its fibres are then in a
{tate of relaxation.
WHAT has been juft now faid of the relax-
ation and dzeffole of the ventricles of the heart,
is
* It is 2 miftake to think, that no blood is pufhed into
the ventricles of the heart during their diaflole, except
what was contained in the auricles properly fo called. A
certain quantity of blood from the finus vensft alio enters
them, without being previoufly received into the auricles :
of this the fmallnefs of the left auricle alone, is a demon-
ftration. We are therefore to conceive of the blood du-
ring the diaftole of the heart, as rufhing into its ventricles,
both from the auricles and finus venofi, and with the uni-

ted force arifling from its momentum in the veins and the
contractile power of thefe hollow mulcles.
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is fo applicable to its auricles, that it would
be quite fuperfluous to fay any thing of their
dilatation. |

WE have already obferved *, that the
force with which the ventricles of the heart
contral, is, cateris paribus, always pro-
portional to the momentum with which the
blood flows into them, or, in other words, to
the canfe dilating them: the fyfole of the
ventricles will therefore be, cateris paribus,
always proportional to their preceding dra-
flole; and hence it is that a full pulfe ftrikes
the finger with {fo much greater force than 3
fmall one.

As the left ventricle of the heart muit, on
account of its fuperior flrength, require a
greater force to complete its digffole than the
right ventricle, the blaod ought to return to
it with a greater momentum ; and that it really
does fo, will, I prefume, evidently appear
from what follows.—The force with which
the blood returns to the right ventricle of the
heart by the two wene cave, 1s in animals at
reft and not agitated with convulfions, ac-
cording to Dr. Hales's experiments, nearly e-

qual

* Dett. iii. .
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gual to % of the force with which it was pufh-
ed by the left ventricle intothe aorta; 7.e.in a
man of an ordinary fize, it alls in dilating the
right ventricle with a force equal to the pref-
fure of a column of blood whofe height is
between 8 and g inches, and whofe bafe is
equal to the internal furface of this ventricle,
7. ¢. with a force equal to the preflure of a-
bout five pounds ¥.—The force with which
the blood returns by the pulmonary veins to
the left ventricle of the heart, is not fo eafily
determined ; but that it muft be very confi-
derable, is evident, from the preflure of the
air upon the veflels of the lungs in refpira-
tion ; the precife force of which as-it is diffi-
cult to inveftigate, {o it is not to be wondered,
that feveral learned men who have attempted
it, have fallen into miftakes. It feems, how-
ever, demonftrable, from an experiment of
Fobn Bernouill;, that when one endeavours
to expire with all his might, the whole fur-
face of all the veficles of the lungs may fuf-
ltain a preflure equal to 420 lib. weight -
But as this can only happen upon the moft

violent

* Hales’s ftatical eflays, vol. 2. p. 40.
+ Michellot. de feparatione fluidor. p. 181,




72 Of the ViTAL and

violent ftraining, it is of little ufe to deter<
mine the preflure of the air upon the lungs
in ordinary refpiration ; which muft bear a
very fmall proportion to this, and is not only
different in different perfons, according to the
eafe with which they breathe, but vaftly dif-
ferent in the fame perfons at different times :
and although the preflure of the air upon any
particular portion of the. lungs muft appear
to be {mall in ordinary refpiration, if we con=
fider how foftly, and with what eafe this is
carried on, yet the preflure upon the whole
internal furface of all their veficles may be
very confiderable. Thus, if the force of the
air rufthing out at the aperture of the glo/is
in ordinary. expiration, be fuppofed equal to
the preflure of 2 grains, (which is far from be-
ing an extravagant demand), then, fince fluids
prefs equally on all fides,  every portion of the
internal furface of the lungs of the fame di-
menfion with the aperture of the ghitis, 1. e.
every L of a fquare inch of their furface (for
the aperture of the gltis does not exceed
this) muft fuftain at that time a preflure from
the air equal to 2 grains ; wherefore, fuppo-

fing the {um of the furface of all the veficles
of
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of the lungs in a man to be 20,000 {quare
inches, it muft, in ordinary ex{piration, fuf-
tain a preflure equal to 320,000 grains, or
666 ounces *. If to this force alternately
prefling on the lungs, we add the momentum
which the blood in the pulmonary veffels has
from the contraction of the right ventricle of
the heart, it will appear highly probable, that
this fluid returns by the pulmonary veins to
the left ventricle with a much greater force,
than it did to the right one by the two wvenz
CaVe.

BuT, to put this matter beyond all doubt,
we need only compare the capacities of the two
¢ave and pulmonadry veins. According to the
meafures of the accurate Santorini, the area of
| the tranfverfe {eions of the two vene cave,
is to that of the pulmonary veins, nearly as 3 to
2 ++. Now the momentum of the blood in thefe
different vefiels, muft be as the tran{verfe {ecti-

on of the veflels multiplied into the fquares of
K the

* Dr. Keil has eftimated the fum of the furface of all
the veficles in the human lungs to be 21906 fquare inches ;
which computation is in Dr. Hales’s opinion too low, who
has determined this furface in a calf to be 40,000 fquare
inches. Hales’s ftatical effays, vol. 1. p. 242,

+ Obfervat, anatom. p. 145.
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the velocities :  but fince equal quantities of
blood pafs through them in equal times, the
velocities muft be inverfely as the fum of the
tranfverfe {eCtions ; therefore (by compound-
ing ratio’s) the momenta will be inverfely as
the fum of the fame tranfverfe fections, 7. e.
the momentum of the blood in the cave, ta-
king Santorini’s meafures for a ftandard, is
to its momentunt, in the large trunks of the pul-
monary veins, 4s 2to 3: and this upon the
{uppofitions that the refiftance to the blood’s
motion in the cave and pulmonary veins were
equal ; which however is not the cafe, fince
the left ventricle of the heart muft require a

greater force to complete its dzaffole than the-

right one, and confequently give a greater
refiftance to the blood flowing into it from

the pulmonary veins, than this laft does to the |
blood in the cave. Suppofing therefore, with |
‘Santorini, that the capacities of the ceve and |
pulmonary veins are generally as 3to 2, the |
momentum of the blood in the latter, will ex-
ceed its momentum in the former, in a propor- |

tion fomewhat greater than that of 3 to 2.

Mr. Helvetius, ’tis true, has drawn a differ-
ent conclufion from the fmall capacity of the

pulmonary

1

ﬂ.‘i‘.:....‘.*-ri e L
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pulmonary veins, when compared with that
of the wvene cave, or pulmonary artery *,
viz. that the blood is denfer in the former than
in the latter, but not that its velocity is great-
er 4 ; and this denfity, he imagines, it chiefly
acquires by being expofed to the cool air, in
its paffage through the {mall vefiels of the
lungs.  In anfwer to which, it is fuffcient

for

* The fum of the tran{verfe areas of the pulmonary
veins, is not only lefs than that of the two cave, but alfo
lefs than the fum of the tran{verfe areas of the branches
of the pulmonary artery, contrary to what is obferved
every where elfe in the body. It has been warmly dif-
puted, whether this difcovery was firft made by Helve-
tius or Winflow, or if it does not rather belong to Dr.
Drake, who has painted the branches of the pulmonary
artery larger and more numerous than thofe of the veins,,
(anat. tab. 12. & 13.}; although he fays nothing of this
inequality either in his defcription of the lungs, or in his
explication of thefe figures. This debate, of no great im-
portance indeed, might have been eafily decided, if the
- perfons concerned in it, had looked into the proem of Dr.
Harvey’s book de motu cordis, &c.; where we find the
following paflage ; from which it appears, that this {pe-
ciality in the pulmonary veins was not unknown to that
illuftrious author. < égum venam arteriofam, vas am-
¢¢ plum magnum cum tunica arteriz fattum, non nifi pri-
¢ vato & uni ufui, (viz. alendis pulmonibus) deftinarint:
¢ cur arteriam venalem vix par: magnitudine cum tunica
« venz molli, laxa, pluribus ufibus, tribus vel quatuor

¢ videlicet, fabrefactam efle afleverant ?”

+ Memoires acad. des fciences 1718. edit. 8vo, p. 281.
. &c.
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for our purpofe to obferve, that unlefs the
blood is condenfed in the lungs into 2 of its
former bulk, (a fuppofition evidently ridicu-
lous), it muft needs flow through the pulmo-
nary veins, with a greater velocity, and confe-
quently with a greater momentum, than through
the two cave. The {mall expanfion and con-
denfation of water, oil, {pirit of wine, and o-
ther liquors, in thermometers, arifing from
confiderable degrees of heat and cold, fthew,
that the cool air applied to the furface of the
lungs, can have but little influence in conden-
fing the blood; befides that it feems not at
all improbable, that the blood may acquire a
heat in the lungs, fufficient to compenfate the
refrigeration it 1s here expofed to. It is ge-
nerally thought, and indeed not without good
reafon, that the blood in the pulmonary veins
is fomewhat denfer than in the artery of that
name: but this perhaps is not fo much to
be afcribed to the coldnefs of the infpired air,
as to its preflfure, and to the action of the ela-
{tic veflels of the lungs. '

IF it be objected to what we have offered
in proof of theblood’s returning with greater
force tq the left, than to the right ventricle

of
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of the heart, That in a farfus in utero this feems
not to be the cafe; it may be anfwered, that
the firength of the left ventricle in a ferus, ex-
ceeds that of the right but little ; or however,
not near fo much as in adult animals : — that
the right ventricle not only pufhes part of the
blood through the veffels of the lungs, but
alfo diftributes a- good deal more than % of
the whole mafs to the aorfz and its branches :
—that the force of the blood returning by
the two cave to the right ventricle is greatly
leflened, by its having a free paffage through
the foramen ovale into the left finus wenofus ;
while the blood by this means enters the left
ventricle, not only with the force with which
it returns from the lungs, but alfo with a
- great part of that with which it flows in the
cave.

In fpeaking of the force with which the
blood returns to the twoventricles of the heart,
we have taken no notice of the additional
tmpetus communicated to it, by the contra-
¢tion of the auricles and finus venoft, becaufe
this is common to both ventricles ; although
it muft be confefled, that the right auricle
feems to be ftronger, as well as more ca-

pacious
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pacious than the left; and perhaps it was

R

{o formed, as the blood returning with great
impetuofity from the lungs, after having

been intimately mixed and elaborated there,
may not require fo large an auricle, as the
venous blood of the cave, which moves
with lefs force, and is compofed of parts
lefs perfectly united.

Uron the whole, if it thall be afked, why
the heart being a folitary mufcle, and defti-

tute of anyantagonift, does not, like the fphin-
Cters, alwa}rs remain equally contracted ; the
anfwer is obvious, v7z. that mufcles brought

into action by a fimulus, are immediately re-

laxed again *; which relaxation therefore hap-
pening to the heart, the blood, in its return,
enters the ventricles with confiderable force,
and, by dilating them, a&s in fome refpect
as antagonift mufcles do in other parts of the
‘body; at the fame time that, by its gentle irri-
tation, 1t is the caufe of their fubfequent con-
traction. ‘The heart muft of neceffity, there-

fore, be alternately dilated and contracted fo
long as the returning blood continues to be

pm.tred
* Sect. 1. N° 10,
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poured into its cavities *: nay, fince the con-
tractions of mufcles from a flimulus are alter-
nately repeated both in living and newly dead
animals, although the flimulus is not renewed
after every contraction -, and fince the heart
continues to vibrate for fome time after in-
jecting warm water or air into its cavities, it is
highly probable, thatthe irritation of the re-
turning blood in a found ftate, is capable of
making it perform not only one, but feveral
contractions ; which feems to be confirmed
by the heart’s ftill palpitating after the vena
cava and pulmonary veins have been tied, and
confequently after the blood 1s intercepted ;
though indeed it maybe alledged, that, in this
laft inftance, the pulfations are partly owing -
to the irritation communicated to the heart by
the ligature made on thefe veflels. Perhaps,
when a fimulus is very {light, it may caufe
only one fingle contraction of a muicle; but
whenit is greater, itwill producerepeated con-
vulfions, and always the more, the ftronger
it is. The action therefore of the returning

blood upon the auricles and ventricles of the
heart
® Sedt, 1. No12.13, & 14.
+ Se&, 1. N° 11,
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heart in living animals, may be fuppofed not
only to excite them once into contraction, but
likewife, without the acceflion of new blood;
or any other fimulus, to caufe fome fubfequent
vibrations, always indeed decreafing in force
and frequency; but as in the intervals of thefe
vibrations, the heart is again filled with blood,
its alternate contractions being always folici-
ted by a new caufe, do not become weaker or
flower, but continue the fame, while the
quantity and quality of the blood are unva-
ried.

ITcan be no juft objection, therefore, to our
account of the heart’s motion, that in many
animals newly killed, this mufcle, by fepara-
ting it from the body, or otherwife ftimula-
ting it, is excited into alternate contrattions,
which continue to be repeated for a confider-
able time, though the fimulus be not renew-
ed; fince the motions of muicles arifing from
this caufe, do not ceafe immediately upon its
removal, but decreafe in ftrength and quick-
nefs by flow degrees, before they quite difap-
pear *: nor ought we to be furprifed that the

violent

* Vid. Sedt. i. No 11, & Se&t. xiii. where the motion of

the _heart after death, or its fepa}atiun fram the body, is
particularly inquired into,
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violent irritation from pricking and tearing
the fibres of the heart, or cutting its large
veflels, makes it repeat its vibrations more
frequently, and continue them for a much
longer time, than the gentle fimulus of the
returning blood.

A1 what time the motion of the heart be-
gins in nafcent animals, and what is the caufe
which firft fets it a-going, are queftions not
‘ufually inquired into, nor indeed eafily an-
{wered ; although the fecond feems to admit
of a much eafier folution than the firft.

Ir all the parts and organs pre-exift in mi-
niature in the animalcle 7 femine, it will {carce
be difputed, that while it {wims in this liquor,
the fluids are propelled through its veflels by
the a&ion of its heart, and circulate in the
{ame manner as in the fefus in utero. 1If the
heart does not pre-exift in the animalcle, but
is formed after conception, then the begin-
ning of its motion muft be later. But, be
this as it will, we know that in impregnated
eggs, the animalcle lies in a death-like ftate,
refembling that of many infects and fome lar-
ger animals in winter; and that its heart re-
mains at reft, till by the heat of incubation it

L 13
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is roufed' into aGion: after the motions of the
chick’s heart become vifible, they may be ren-
dered more lively or languid by a greater or
lefs degree of warmth; nay may be made en-
tirely to ceafe by cold, and be as quickly renew-
ed again by heat *. Hence it follows, that
though it be not certain when the heart be-
gins firft to move in nafcent animals, yet the
caufe which fets it firft a-going, and recom-
niences its motions after being ftopt, is heat,
which, by rarifying and agitating with an in-
teftine motion the particles of the fluids, en=

ables them to ftimulate its fibres into contra-
<tion. '

FLCTHIV,

Of the motions of the alimentary canal, and
bladder of urine.

Aving thus accounted for the alternate
contraction and relaxation of the heart ;
we come next to inquir e into the caufe of the

other
* Harvey de generation. animal. exercitat, 17,
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other in voluntary motions; and fhall begin.
with thofe of the alimentary tube.

In deglutition the contraction of the mu-
{cles which pull up the larynx and o5 hysides,
and fo puth the bolus into the dilated pharynx,
is generally fpontaneous, and owing to the ir-
ritation of the {enfible membrane of the fau-
ces, by the food pafling this way. In like
manner no fooner is the aliment received into
the pharynx, than this mufcular tube contradts,
and, embracing it clofely, pufhes it on to the
afophagus, which having its nerves irritated,
and its fibres ftretched by the food in its de-
fcent, makes each ringlet of this tube contract
itfelf, and fo tranfmit the bolus to the next, till
at laft it is puthed into the ftomach.

Tur aliments which are generally compo-
fed of parts fit to act as a gentle fimulus on
the fenfible membranes of animals, are no

~ fooner received into the ftomach, than, by its

heat and motion, as well as the acion of the
humours flowing into it, they begin to {well,

and continue, during the whole time of their

diffolution, toemit bubbles of elaftic air: at

~ the fame time, the cool air {wallowed every

now and then with the fa/iva, is quickly ra-
rified
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rified by the heat of the ftomach. Here then ;

we fee in the aliments, air and humours, caufes
which may gently ftimulate the nervous papi/- |
Jee of the ftomach, and ftretch its fibres {o as
to excite them into contraction : and this ex-
a@tly agrees with #epfer’s obfervations, which
fhew, that the contraction of the ftomach ne-
ver happens but in confequence of a preced-
ing intumefcence. Motum ventriculi, fays this
author, oculis obfervare licet in vivarum be«
fiarum anatome, & non femel vidi  illum
conflrings lente verfus  flomachum fubfequente
vomitu, aut verfus pylorum contentis in duo-
denum. explofis; nonnunquam gracilior & bre=
© wior reddebaturs mox iterum intumuit, fub-
[fequente rurfus nova coaréiatione, quea vel vers
Sus  pylorum vel  flomackum progredicbatur *.
And, in another place, Quando wvero ¢irca
medium fe contraxerat ([cil. ventriculus) meo- |
fus lenté verfus  pylorum procedebat,  illeque |
erigebatur liquorque [ubpallidus, nunc [pume-
us munc vifcidus, quandogue [fenfim aliguando
cum impete  protrudebatur :  conflricto  pylore
rurfus intymutt totus ventriculus, moxque rur-
Sus circa medium fe conflrinxerat, novufgue li-
gquor
* Hiftor. cicut. aquat. p. 87.

(ol e i 5
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quor per pylorum ejiciebatur *. Thus we find
the diaflole of the ftomach always fucceeded
by its contraction, which expelling by the
pylorus, the diftending caufe, 1. e. part of the
air and aliments, the fibres of this bowel are
immediately relaxed, fo as eafily to give way
to the diftending force of the rarified air ari-
fing from the aliments, and thus to {uffer a
new diaftole ; which, as before, is foon fol-
lowed by a new contraction. Hence there
~appears a remarkable analogy between the
caufes of the alternate motions of the ftomach
and heart, even in thofe animals whofe make as
to thefe parts agrees with that of the human
kind; but which is ftill ftronger in granivorous
birds, whofe ftomach more nearly refembles
the heart in its ftruture, and in the force of
its motions+-,

Ir it be afked, why the ftomach is not
brought into a new contracion by the ftimu-
lating quality of its contents, before a new

intumef{cence

* Hiftor, cicut aquat. p. 177

+ The fmall rough ftones which granivorous birds {wal-
low, are not only ufeful to break and grind their food, but
alfo to excite their lefs fenfible ftomachs into proper con-
traltions; for thefe, on account of the hard fkin which
lines them, would be little affefted by the diflolving ali~ |
ments and rarified air, without the attrition of thofc ftones.
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intumefcence of it has happened; it is fuf-
ficient to anfwer, that, in order to excite a
new contraétion of the ftomach, or hinder its
yielding to the dilating force of the rarified
air, the gentle fimulus of the aliment may

il

i, e 5 3 S Wi

il
o

require the additional irritation which the

diftraction of its fibres produce. Befides, as

1

the convulfive contractions of the diaphragm
which happen in confequence of an irrita-
tion of the left orifice of the ftomach, do |
not follow one another wvery quickly,' al-]
though the ftimulating caufe continues to |
operate, but after longer or fhorter intervals, |

according as the irritation is weaker or ftrong-
er; fo in the fame manner, after one con-
tra&ion of the ftomach is over, fome time
may be required for the ftimulating caufe to
act, before a new contraction is produced.

THAT the nrdinary vermicular motion of
the {tomach is chiefly owing to the ftimula-
ting quality of its contents, is confirmed by -

a variety of fa&s: thus when any thing is
received into the ftomach, which ftrongly
“arritates  or difagreeably affects its nerves,
it is thrown into convulfive contracions,
which are renewed, after fhort intervals, till

the
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the offending caufe is either quite expelled, |
or greatly weakened. On the other hand, o-
pium, which renders ourfibres and nerves in-
fenfible of an irritation, has of all things
he greateft power to quiet convulfive and ir-
regular motions of the ftomach. At the
fame time the zaufea and vomiting, which are
brought on by fuddenly drinking too great
_quantity of the mildeft liquids, thew that the
(fimple intumefcence or diftenfion of the fto-
ach, conduces to its contraction indepen-
dent of any flimulus affe@ing its nervous
apille.

Tue vermicular motion of the guts, is quite
-kin to that of the ftomach, and produced
y the fame caufes. Small quantities of rari-
ed air and digefted aliment are pufhed from |
ne portion of the inteftinal tube into the next,
nd from this again into the fucceeding one,
nd fo on; 7.e. the part dilated by the air
nd aliments acquires fuch a power of contra-
ion, as to overcome the elafticity or contra-
ile power of the contratted part next it.
hence fhould this happen? It cannot be
wing to the more copious influx of arterial
lood into the veflels of the diftended feg-

ment,
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ment, as Dr.Stuart would perfuade us *;
fince it appears that this fluid does not imme-
diately conduce to the contraction of a mu~
{cle 4.—There is no reafon to imagine, that,
on account of any alternate compreflion of
their nerves, the animal {pirits flow into the
guts in fucceflive ftreams : nor would this, if
fuppofed, anfwer the phenomena; fince the
whole inteftinal tube is not, like the heart,
alternately contracted and relaxed, but, as to
time, is altogether irregular in the motions of
its feveral parts. It remains therefore that
the diftraction of the fibres of the inflated part
of the gut, together with the fimulus of the
bile, air, and digefted aliments which it con-
tains, is the caufe of its fubfequent contraction.

And furely, if warm air impelled through the

vena cava, or thoracic duét, into the heart of

an animal newly killed, excites it into con- |
traction, it may reafonably be fuppofed to
have an equal effe¢t on the ftomach and in- |
- teftines, between whofe motions and thofe of |

the heart there 1s a ftrong analogy.

WE have already feen from #epfer, that, by |

every

* Diflert. de motu mufcul. cap. 12.
+ Sect. 1. N° 2, above.

el "

e, e e
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every contration of the ftomach, fome part
of the more liquid aliment and rarified air is
pufhed through the pylorus into the duvdenum,
which, not finding a free paffage through this
gut, on account of its valves and the natural
contraltility of its coats, will dilate that part
of it next the ftomach, and confequently ex-
cite it into contraction, by which its contents
will be tranfmitted to the next portion of this
gut, and {o on through the whole tra& of
the jejunum and ileum, where the valves be-
ing larger, will, by ftopping the progrefs of
the chyle and rarified air, occafion more re-
inarkable intumefcences, and confequently
ftronger fucceeding contractions.

IT will further appear, that the periftaltic
motion of the guts, is owing to digefted ali-
ment, bile and rarified air, aing upon them
as a flimulus, if we confider that purgatives,
which aé& chiefly by vellicating the infide of
the guts, greatly increafe this motion :
that in animals opened alive, the inteftines
are excited into ftronger contrations, by
pricking them with a fharp inftrument, or
applying any acrid liquor to them : that
fuch things as render our nerves and fibres

' M lefs
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lefs fenfible of any irritation, leflen or de-
ftroy the periftaltic motion of the guts; thus |
Dr. Kaau not only found the vermicular mo- |
tion of the inteftines extremely weakened and |
flow; in 2 dog to whom he had given fix
grains of opium, but that pricking their ex-
ternal furface with the point of a needle, did
not fenfibly increafe it * : —— and, laftly,
that when the bile from any caufe becomes
inert, or is hindered from flowing into the
guts, coftivenefs generally follows.  Nay,
that the flimulus of the bile is in a particular
manner neceflary to the right performance of
the periftaltic motion, and that without it the
guts would not be able {ufficiently to refift the
diftending power of the rarified air, feems
highly probable from the remarkable inflation |
of the inteftines in fuch as die of an inveterate
jaundice ; and from the hiftory given by Dr.
Stuart, of one who died of a wound of the
gall-bladder, who was not only incurably co-
{tive, but whofe guts were fo diftended with |
air, that before opening him a tympany was °
fufpected +-.

WHILE

* Impet. faciens, ditum Hippocrat, No. 435.
+ Philofoph. Tr anf. N° 414.

i e o CE b
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WuiLe the chyle is taken up, as it paf
fes along, by the latteal and abforbent veins
of the fmall guts, the grofler and lefs
nutrititious parts of our humours and ali-
ments are tran{mitted from the z/eum by the
valve of the colon into the great guts,‘ where
they remain for fome time without giving any
idifturbance ; till, by the preflure of the dia-
phragm and abdominal mufcles in refpiration,
itogether with the gentle contraltions of the
ts therhfelves, the_w,r are pufhed into the
ecfum, where, partly by their acrimony, but
chiefly by their weight and bulk overftretch-
ng its fibres, they excite this gut into {trong
contrattions, and bring on an infuperable de-
ire of emptying it.© When any acrid matter
odged in the plice of the reffum, irritates its
ervous papille, as in a tenefmus, its mufcular
oat is excited into frequent and ftrong con-

&ions, and there is almoft a perpetual de-
ire of going to ftool.  This is beft cured by
ily and mucilaginous clyfters, with gprum ;
hich at the fame time that they fheathe the
crimony, blunt alfo the fenfe of pain.

THue bladder of urine is a hollow mufcle,
hich being deftitute of any proper antago-
nift,
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nift, would always, if not hindered by {ome
foreign caufe, reduce itfelf to its {malleft ca-
pacity, by means of that natural contration
which is owing to the force of the circulating
fluids, the elafticity of its fibres, and the con-
flant but gentle operation of the nervous in-
fluence upon them *. This contractile power
of the bladder, whereby it reduces itfelf to its
fmalleft fize, is overcome by the urine gra-
dually dropping into its cavity from the ure~
ters; which at length, by overftretching its
coats, excites them into ftrong contractions ;
but thefe being of themfelves unable to over-
come the fphiniter, the diuphragm, abdomi-
nal mufcles, and /Jevatores ani, are called in
to their aid: however, after the fphinéter is
opened, the contrattile power of the bladder
alone is fufficient to expel the whole urine.
Tuis fluid, though fenfibly acrid, does
not, when accumulated in the bladder of |
a healthy perfon, give uneafinefs fo much by
the irritation of its nervous papille, as by o-
verftretching its fibres; but when the mu-
cus, deftined to defend thefe nerves from the
acrimony of the urine, is abraded, or when
the inner coat of the bladder is inflamed or

excoriated,
% Seft. i. No 4.
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excoriated, no fooner does the urine begin
to be collected, than, by fretting this tender
and extremely fenfible part, it brings the
mufcular coat of the bladder into ftrong
convulfive contractions, and along with it
the diaphragm and abdominal mufcles ; hence
in fuch cafes the patient is affli¢ted with a
violent and almoft conftant defire of paffing
his urine, while in the mean time there are
only a few drops to be expelled. Mares and
cows, after evacuating their urine are obfer-
“ved for fome time alternately to contract and
relax their zrethra and fphinéler vefice 5 at firlt
very brifkly, afterwards more weakly and
with longer intervals between each contra-
&ion.  Thefe motions, which feem to be of
the {pontaneous kind, are {olely owing to the
irritation of the parts by the urine; and it
is a proof of this, that as the unealy fen-
fation begins to abate, fo does the force and
quicknefs of thefe motions.

o e T,
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Bl Co Lo N

Of the motions of the blood-veffels, and feveral
\others of the [pontaneous kind.

THE moft remarkable of the {pontaneous

motions which remain to be accounted
far, are the alternate fyffole and diaflole of the
arteries ; the lefs perceptible motion of the
veins ; the ofcillatory contractions of the {mal-
ler veflels ; the eretion of the penss; the con~
vulfive motions of the mufculi acceleratores u-
rinee i coition ; the motions of the fallopian
tubes, whereby they embrace the overiz, and
convey the ovum to the womb ; the alternate
action of the mufcles of refpiration ; their
convulfive motions in coughing and {neezing ;.
and the contraction of the pupil and mufcles
of the internal ear, in order to adapt thefe
organs exaltly to the degree of light and
found applied to them.

1. 'THE diafiole of the arteries is, like the
dilatation of the heart, owing to the blood
pufhed into their cavity, with a confiderable
force, and their fyffole or fucceeding contra-

&ion
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Ction is effected chiefly by their elafticity, and
~partly by the proper contraction of their mu-
{cular coat, excited by the blood gently ftimu-
lating their internal furface, at the fame time
that it diftracts their fibres. That the fyffole
of the arteries is not wholly owing to the ela-
fticity, but alfo to the mufcular contraction
of their fibres, is generally acknowledged by
Phyfiologifts ; and that the blood alternately
puthed into them and ating as a flimulus, ex-
cites this mufcular contrattion, the analogy
of the heart, and other {fpontaneous motions,
|already explained feems fully to evince.

2. BesipE the alternate diaflole and [yffole of
ithe larger arteries, which, in a great meafure,
epend upon the projetile force of the heart,
and the elafticity of their coats, there is a vi-
brating or ofcillatory motion in the inferior or-
ers of veflels, to which the dire& force of the
heart does not reach, and where elafticity is
o way concerned. And as the food is con-
ucted from the mouth through the whole
ourfe of the alimentary canal, by its exci-
ting the mufcular coat of this tube into con-
tractions, as it paffes along; fo the motion of

the
|
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the fluids through the inferior orders of vefs
fels and fecretory tubes of the glands, to ma-
ny of which the impulfive force of the heart,
feems not to extend, is chiefly carried on by
the vibrating contractions of thefe veflels, ex=<

cited by the gentle ffimulus of the circulating
fluids *.

3. As the fmaller veflels, though deftitute
of any alternate pulfation depending upon the
contraction of the heart, are neverthelefs a-
oitated with a kind of ofcillatory motion ; {o
it is highly reafonable to think, that the veins
are not inactive canals, but fo affected by the

Slimulus

* In an eflay on the motion of the fluids through the
fmaller veflels of animals, read at feveral meetings of
‘the Philofophical Society in this place, in the years 1745
and 1746, 1 have fhewn at great length, that the circu-
lation of the juices in the inferior orders of veflels, and
particularly in the fecretory tubes of the brain, cannot
be accounted for, merely from the projectile force of the |
heart and alternate fy/fole of the larger arteries ; but mufk
in 2 great meafure depend upon the ofcillatory motions
or fmall alternate contractions of thefe veflels, which in
fome animals may be difcerned by the microfcope ; and
which have neither been rightly derived from the ofcilla-
tions of the dura mater, nor from the alternate motions of
the heart and Jarger arteries; being folely owing to the
gentle titillation of the fluids, as they glide along the fides
of the veflels, whofe fibres are fo conftituted, as to be ex=
cited into contraction by the {malleft irritation.
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flimulus of the circulating blood, as to have
their mufcular coat excited into alternate, but
weak contractions, by means of which the
return of this fluid to the heart is confiderably
promoted. As a proof of this, the vena cava
may be plainly feen to contract alternately in
dying animals whofe thorax is laid open *; tho®
it is probable that the motions of this vein
near the heart, are more remdrkable than
elfewhere, on account of fome kind of alter-
nate depletion which it fuffers. And may not
the vena cava continue to palpitate longer than
the heart in dying animals, becaufe, after the
«circulation of the blood through 'this organ
has ceafed, it is ftill tranfmitted in fmall quan-
tity from the arteries into the nafcent veins,
and confequently into the cava ; which being
therefore longer fupplied with the caufe exci-
ting its motions, muft continue them longer ?

Hence we fee that the fluids are in {ome
fenfe the caufe of their own motion s fince,
without their ftretching power and ftimula-
ting quality, the heart and arteries, however
well fitted for mufcular contracion, would re-
main altogether unaétive and at reft : and that

N as

* Seét. xiii. Ne 16. below.
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as the contractile puwer of the folids is alto=
gether neceffary to carry on the vital functi-
ons, fo likewife is the action of the fluids
upon the folids, in order to excite their mu-
fcular power into a&ion. Hence alfo we
may eafily underftand how it is that heat has
fo great an influence in promoting the cir-
culation of the fluids, that infets and many
other animals, after they are to all aplz;earance |
dead, may be quickly brought to life by it.
Heat, by raifing an inteftine motion and briftk
vibrations in the particles of the fluids, muft
neceflarily communicate fome degree of irri-
tation to the fenfible veflels; and thus bring, ]
them into alternate contractions. |

4. 'THE ere@ion of the penis has been gene~ |
rally afcribed to the contraction of the mufcles |
called ereéfores; yet as their fituation is fuch,
that the veins of the penis can fcarcely be af- |
fected by their action, and as an ere@ion of |

this member cannot be procured at pleafure, |
by ftrongly prefling it againft the os pubis, fe- |
veral later authors feem juftly to have rejected |
this opinion, but, as far as I know, without |
{ubflituting any thing fatisfaCtory in its place. 1
Bur 4

i‘
4
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BuT as the tafte, nayeven the fight or re-
membrance of grateful food, caufes to a hung-
ry perfon an uncommon flow of fa/iva into the
mouth, by increafing the ofcillatory motions of
the falivary veflels [N° 2.]; fo, why may not
the fimulus of the {eed in the veficulz feminales,
or the fight, nayeven the recalled idea of la-
{civious objects, caufe a more than ordinary
flow of blood through the fmall arteries of
the penis, by greatly increafing their vibrating
contracions ? If this happens, the fmall ca-
pillary red arteries will, by the increafed #-
mentum of the fluids, be all enlarged, and the
ferous ones, at leaft many of them, will be
rendered capable to admit red blood: thofe
arteries which end in veins, will tranfmit their

fluids to them as ufual, only with greater im-
petuofity, while fuch as terminate with open
orifices in the cells, will, through their di-
lated mouths, pour forth not only a ferous
or lymphatic fluid, as ufual, but alfo red blood
itfelf; which not being faft enough carried off
by the abforbent veins,  whofe orifices are not
enlarged proportionally with thofe of the ar-
teries, muft fill and diftend thefe cavitics, and
confequently produce an eretion of the feuss.

As
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As foon as the caufes exciting an uncommon

R Y

ofcillatory motion in the {mall veflels of the
yard ceafes, it begins to fubfide, becaufe the
fluids are now poured in much le(s quantity |

into its cells.
Tuis account of the ereCtion of the penis

{feems to be much more agreeable to the laws
of the animal ceconomy, than that propofed -
by Duvernoi*, and embraced by Dr. Haller 4, |
who {uppofes that the fmall veins of the penis
may be fo ftraitened, by I do not know what

conftri¢tion of the nervous filaments fur-

rounding them, as in a great meafure to pre- |

vent the return of their blood.  Vieuffens is
the firft wha confidered the nerves which in

fome places appear to furround the blood-vef- i
{fels as fo many fmall cords, capable of con- 'E

ftricting them more at one time than another,

and ;:cmfequentl}r of producing remarkable
changes in the circulation.  Thus he deduces

the palenefs of the face in fome paffions, and
its rednefs in others, from the nerves ﬁ:ralt-,.

ening the carotid arteries in the former, and

the, :

i ¥,

AT )

* A&. Petropolitan. tom. 2. p. 379. 383. '384
+ Prim. lin. phyficlog. Ne 8oo.

el
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~ thejugular veins in the latter cafe *. However,
none of the authors now mentioned, have con-
defcended to fhew us how the nerves can be
{o drawn as, like a ligature, to ftraiten the vef{-
fels which they encompafs, Nor indeed can
this be eafily conceived, There is no exam-
ple to be found of any motion or action in the
animal body being performed by the traction
or conftrition of nerves, whofe office is not
to be drawn or rendered more tenfe at one
time than another, but to fupply the muicu-
lar fibres every where through the body, with
that influence or power which feems to be 1m-
mediately neceflary to their contraction: but,
by the increafed ofcillatory motion of the {mall
veflels, which we have affligned as the caufe of
the erection of the penis, we daily oblerve a
- variety of {fudden and furprifing changes pro-
 duced in the circulation, To this is to be a-
{cribed the profufe fecretion of pale linipid u-
rine, to which hyfterical people are o liable;
as alfo the great difcharge of tears from the
lachrymalveflels, in people affected with great
joy or grief. And the bluthing, or rednefs
and glowing warmth of the face, which at-

3 tends
* Neurograph, lib, iii, cap. iy. p. 182.
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tends a fenfe of thame, is not owing to the

conftri¢ion of the tempc}ral veins by means

ety

of the nervous filaments from the portio dura,
which furround them *, but to an increafed
ofcillatory motion of the fmall veflels of the

face, which in moft people, more or lefs, ac-
companies a confcioufnefs of fhame: for as
the rofy colour, and fudden warmth, which
are the neceflary confequences of the increa-
fed motion of the blood in the fmaller vefiels,
ill agree with the ftagnation of this fluid, as
arifing from any comprefiion of the temporal
veins; fo their being often diffufed over the
neck and breaft, clearly thews that they can’t
proceed from this caufe. Why this affection
of the mind fheuld produce fuch a change in
the circulation of the blood in thofe parts ra-
ther than any other, we don’t pretend to fay.
Sufficient it is, that from experience we know
that the body and its feveral parts are varioufly
afteted by the different paffions of the mind.

AFTER what has been faid, it will be eafy to

account for the erection of the nipple of a -

-woman's breaft, and the fwelling of a turkey-

cock’s

* Haller not. in Boerbaav. inflitut. med. parag. 572, &
prim. lin. phyfiolog. Ne 552, pardg. 573
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cock’s comb and rattles, which are much a-
kin to the ereion of the penis, and which,
as Dr: Haller has juftly obferved, are certainly
not owing to the contrattion of any mufcle,
hindering the return of the blood by their
veing*. For why may not the paffion of an-
ger or pride caufe an inflation of the above
mentioned animal’s comb and rattles, as well
as the fenfe of fhame does a fluthing of the
face ? and may not titillation increafe the mo-
tion of the fluids in the fmall veflels of the
nipple, in the fame manner as in the penis
THE unufual fenfation of heat in the face,
which attends blufhing, and is fo quickly
raifed, may enable us to account for the many
fudden complaints of heat and cold, and o-
ther fymptoms of a like nature common to
hyfterical people; for if an affeCtion of the
mind, can raife an uncommon heat in the
face, by determining the influence of the
nerves more copioufly into its veffels, and thus
increafing their ofcillations, why may not
the fame thing happen in other parts of the
body, from an irregular diftribution of the
nervous power ? and is it not probable, that

the

* Prim. lin. phyfielog. N° 8cc.
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the fudden fenfations of cold, which people

fubject to nervous complaints often feel in va-
rious parts of their bodies, are owing to the
ftagnation er flower motion of the fluids in
the fmaller veffels of thefe parts, occafioned
by the diminution or fufpenfion of their ofcil-
latory motion ? '
Bu to return from this digreffion ; whether
the ereGion of the penis is effected in the man-
ner above explained, or by the confraction of
certain mufcles comptefling its véins; if is ne<
verthelefs, like the other fpontaneous actionsy
owing to an irritation, wrz. the fimulus com-
municated to the nervous papille of the wveficu-
lee feminales and tefticles by the feed; fince, in
proportion to the abundance or defect of this,
ereCtions dre caeteris paribus more or lefs fre-
quent, ftronger or weaker. Tis true, that la-
fcivious thoughts, titillation, and other caufes,
often produce ere@ions of the penis; but even
their power of doing this, is in a great meafure
owing to the prefence of the feed: An ere&i- |
on of the penis frequently happens from the
bladder being full of urine, at leaft is increafed
by this; which is no way ftrange, fincethe u-

rine, by ftretching and ftimulating the coats of
the |
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the bladder, may be eafily fuppofed to affect
the nerves and veflels of the penss, with which
they are {o nearly conneéted.

5. IN tirhe of coition, as foon as the feed
is {queezed into the beginning or bulbous part
of the urethra, the mufculi acceleratores urine
which furround this part, are brought into
convulfive contractions, which continue to be
repeated till the feed is entirely expelled ; and
that thefe convulfive contraltions are owing
to the femen a&ting as a flimulus upon this part
of the wrethra, cannot with any colour of
reafon be denied; fince their pumber and
force are always greater or lefs, as this liquor
is more or lefs in quantity, or more or lefs
concocted:

6. By the titillation of the ruge of the va+
gina in time of coition, not only is the uferus
affected, but the fube fallppiane becoming
rigid, fuffer a kind of erection; at which
time their fimbriated extremities are turned
to the ovariz : nor do they change this fitua-
tion till the ovum has made its paffage through
the coats of the cvarium into their cavity,

O through
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through which it is prefled forward to the -
terus, by the contraction of the mufcular coat
of the tube, which, from the analogy of the
other fpontaneous motions already explained,
we may eafily imagine, is excited by the ovum
as it paffes along the internal furface of this
hollow mufcle ; fo that every fmall ringlet of
it, will, by its contraction, tran{mit the ovum
to the fucceeding one, till at laft it drops into
the womb ; in the fame manner as the food
in a horizontal pofture is conveyed through
the &fophagus into the ftomach.

TuAT the convulfive motions of the mu-
{cles of refpiration in coughing and {neezing,
and of the diaphragm in the hiccup, are ow-
Ing to an irritation of the fenfible membrane
of the nofe, windpipe, and inferior part of the
gullet, is too evident to need any particular
proof ; and this the rather, as thefe motions
will be occafionally illuftrated in the fequel
of this Effay. Nor is it lefs true, that the
motions of the pupil and mufcles of the inter-
nal ear, are owing to light and found acting
as flimuli on thefe organs: but as thefe mo-
tions, whereby the eye and ear are accom-
modated to different degrees of light and

found,
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found, are more intricate and lefs gene-
rally underftood, I fhall treat of them parti-
cularly in the following Section. And as the
alternate motion of the organs of refpiration
differs from the other {fpontaneous motions al-
ready explained, in being fo far under the
power of the will, that we can accelerate,
retard, or entirely (at leaft for a confiderable
time) put a ftop to it ; and is a {fubjet upon
which a great deal may be faid, I fhall alfo
treat of it afterwards in a particular Se&ion
by itfelf ; where its caufe will be thewn to
be entirely analogous to that of the other
{pontaneous motions,

S EHCIT . E VIR
Of the motions of the pupil and mufiles of the

internal ear.

S the degrees of light to which the eye

is expofed, and the fplendor of objects
prefented to it, are various, had the pupil
been of a determinate fize, incapable of en-
largement or diminution, this organ would
have been adapted only to contemplate objects
in



108 Of the ViTaL and

in one particular degree of light ; every thing
remarkably brighter than this, would have
dazzled it, while a fainter light would not
have affeCted it fufficiently. Further, as the
rays of light coming from very near objeéts,.
are much more di'vcrgent than thofe from re-
mote ones, had the pupil been incapable of
variation as to its extent, the eye would have
been il fitted for fecing diftinétly at different
diftances; fince fuch objects alone are feen
diftinétly, whofe images are accurately painted
“upon the middle and moft fenfible parts of the
reting. | T
- To prevent thefe inconveniencies, and that
the eye might be capable of properly re-
ceiving the impreffions of objets in a great
yariety of lights and diftances, that mem-
brane called by Anatomifts the zvea or iris,
which encompafles the pupil, is furnithed
with a double fet of mufcular fibres, by
whofe contradtion or relaxation, the diameter
of this paflage can be greatly augmented or
diminithed. =~ One plane of thefe fibres is
circular, and immediately {furrounds the cir-
cumterence of the pupil: it may very pro-
petly be called the [phinéter pupille, fince, by
its
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its contraction, the pupil is leflened. The
‘other is compofed of a2 number of radiated
fibres, which take their rife from the great
circumference of the zvea, where it is attach-
ed to the circulus albus, or union of the cor-
nea and [clerotica, and are inferted into the
orbicular mufcle above mentioned, all round
the circle of the pupil, as the fpokes of a
wheel are into its nave.  This plane of mu-
{cular fibres aCts as antagonift to the orbicular
‘one, and may be called the /zxator or dilatator

papille.
 THE circular plane of fibres is fo thin and
delicate, that fome authors feem ftill to doubt
of its exiftence; but in admitting it, we are
not only juftified by the authority of the beft
Anatomifts ¥, but by reafon and analogy ;
fince the equable and regular contraction of
the pupil cannot well be conceived, without
{fuppofing fome fuch mechanifm; and fince
we find the other paffages in the body which
are endued with a power of conftricting
themfelves, furnithed with fphinéter muicles.
THE figure of the pupil, as well as its de-
grees

¥ Winflow anatom. fe@. 10. N° 220, Ruyfch. thefaur.
anatom. 2. tab. 1. fig. 5. lit. ¢,
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grees of contraGtion and dilatation, are differ-
ent in different animals. In man the pupil
is at all times perfecily round; in horfes,
cows, &¢. it is oblong and tranfverfe ; and
in cats in the day-time, it forms a narrow
chink perpendicular to the horizon, but in
the dark acquires nearly a circular figure, and
becomes almoft as large as the cornea, If in
cats the pupil had been perfeitly circular as
in man, it could not well have admitted of {o
great degrees of dilatation and conftriction,
which yet are neceflary to an animal which
muit {eck its prey in the night-featop ; at leaft
when moft contracted, its edges muft have
been remarkably furled, and their thicknefs
greatly increafed, by being folded together
in fo fmall a fpace. Moreover, ’tis obfervable,
that all thofe animals which have the pupil
of an oblong or oval fhape, are capable of

feeing in a much fainter light than man.
Galen, who did not allow any motion to the
pupil, except when one of the eyes is fhut,
afcribed the dilatation of the pupil of the open
eye, to its having the fpirits which ufed to be
beftowed on both eyes, now determined into it
alone. Achillinus, who flourifhed in the be-
ginning



other INVOLUNTARY MoTroNs., 111

|ginning of the fixteenth century, is the firft
who mentions the motions of the pupil from
different degrees of light * ; which however
was fo little attended to, that its firft difco-
very is generally afcribed to Father Pau/ of
Venice, who lived about a hundred years after
him+. However, neither Father Pau/, nor
Agiiapendente, who followed him, feem to
have known any thing of the manner in
which thefe motions are performed. Nor
‘ought it to appear ftrange, if, before the mu-
Acular firuture of the wvea was known, Phy-
fiologifts were quite in the dark with regard
to the pupil’s motions, or if their accounts
of this matter be altogether as wide of the
truth, as different from each other.

THE natural ftate of the pupil is that of
dilatation ; for fince the longitudinal fibres
of the 7775 are much more confpicuous and
ftronger than the circular plane, they muft,
by their natural contration f, keep the pupil
always dilated, unlefs the latter are excited
into action by fome particular caufe.

Wuar

* Morgagni. adverfar. anatom. 1. p. 34.

+ Fabricius ab Aguapendente de oculo, part, 2. cap. 6.
& Douglas bibliograph. anatom. p. 228.

T Se&.i. N° 3.and 4. above.
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WaAT this caufe is, could be no difficult
matter to difcover : for, as in a fyncope, apo-
plexy, or at the moment of death, when the
eye is quite infenfible to external objects, the
pupil is always greatly dilated ; as in the fhade
it is remarkably large, and alivays the more
fo, the greater the darknefs ; while in a bright
light it is contracted almoft to a point; it
clearly follows, that the coarCtation of this
paffage is owing to the action of light on the
eye as a fenfible organ, and its dilatation to
the fuperior contraltile power of the longitu=
dinal fibres of the wwvez, when the eye is left
to itfelf, and not affeCted by any extern
caufe. . '

THE pupil is contrated more or lefs in
proportion to the quantity of light admitted
into the eye, not on account of any immes
diate action of this fubtile fluid on the fibres
of the /75, as fome have imagined *, but in
confequence of its affeCting the tender retina
with an uneafy fenfation. Hence whatever
intercepts the rays of light {o as to prevent
their affecting the retina, or renders this mem-

brane

* Hiftoire acad. des fciences 1704, edit, 8vo, p. 18.
& Memoires, p. 360.
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brane infenfible to their altion, caufes a pre-
ternatural dilatation of the pupil. Thusin |
a cataract, where the cryftalline humour being
confiderably opaque, intercepts a great part
of the luminous rays in their way to the bot-
tom of the eye, the pupil lofes a good deal
of its contradility. Ina confirmed gutta fe-
rena, or perfe@ infenfibility of the refina, the
orbicular mufcle of the pupil lofes its power
of contraction altogether, infomuch that this
paflfage remains equally wide in the brighteft
funfhine, as in the obfcureft thade. If the
action of light on the circular fibres of the
72r7s were the caufe of their contraction, this
|ought not to happen; fince the nerves of this
|membrane, as they have no connexion with
\the optic nerve, ought to remain equally fit
for aCtuating its orbicular mufcle, and equal-
ly fenfible of the fimulus of light, when the
\retina is thus difeafed, asin a found eye. But
1if it fhall be alledged, thatin a gutta ferena,
\the nerves of the #vea become fome how pa-
Iralytic, and that the immobility of the pupil
is owing to this, and not to the infenfibility
of the difeafed refina; 1anfwer, that a plain
\experiment fhews the contrary: thus when
T one
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one eye is quite loft by a confirmed amaurofs,
if the found one is covered or kept thut, the
pupil of the difeafed eye remains in every de-
gree of light immoveable, and of the fame
fize; but if the found eye is expofed to the
fun-beams, the pupil of the other, which
{hewed no motion before, will be evidently
obferved to contra&. This contraétion can
only arife from the {ympathy between the two
pupils ; and thews, that when the found eye
is covered, the defet of motion in the mor=-
bid one is not owing to the nerves of the u-
vea being any way paralytic, but merely to
the want of a caufe determining their influ-
ence into the orbicular mufcle of the pupil.
FurrTHER, if the contraion of the pupil‘
proceeds from light acting as a flimulus on the
fibres of the 7ris, why does it not excite its
longitudinal fibres equally into ation as its cir-
cular ones ? |
WHEN the head of aliving cat is put un-
der water, its pupil, which was much con-
tracted before, is immediately greatly di-
lated, though expofed to the fun-beams. If
the contraction of the fphinller pupille arofe
from the action of light on its fibres, this |

phanomenon would hardly admit of a folution;
fince
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fince it does not appear that the rays of light
thould act with much lefs force upon the 745
of an apimal under water, than in the open
air : but, on fuppofition that the contraction of
the pupil is owing to the flimulus of light af-
fecting the refing, it is eafily accounted for,
‘The rays of light paffing from air into the eye
through the cornea, {uffer a confiderable re-
fraction on account of its greater denfity ; by
which means they are made to approach one
another, fo as, by the refrations of the cry-
{talline and vitreous humours, they may be
collected in a point on the ref7na, But when
the head of an animal is under water, the
rays of light fuffer little or no refraction in
paffing through the cornea and aqueous hu-
mour, becaufe their denfity fcarce difters from
that of water : hence they will not, as in the
former cafe, be made to approach one an-
‘other, nor will they have their focus in the re-
tina, but a great way behind it ;, this mem-
brane, therefore will be very weakly affected
by them, and confequently the pupil muft be
dilated. In water there is a general and
faint light diffufed over a great part of the
reting 5 in air all this light is colleted, and

alting
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a&ting on a much {maller fpace, is greatly
more vivid and ftriking. _
MR. Mery indeed has given a different fo- |
lution of this pbcfﬂoﬁimaﬂ; but fuch a one as
will not give a philofophical reader any very
exalted idea of his knowledge either in phyfi-
ology or in optics. His account of the mat-
ter is this. Under water, the animal is hin-
dered from breathing, but the motion of the
fpirits, to which he afcribes the conftriction
of the pupil, depends on the circulation ﬂf‘
the blood, and this again on refpiration ;
therefore, notwithftanding the ufual action of
light on the s, th; pupil in an animal
under water, muft be relaxed merely on ac-
count of the interruption of refpiration *.—
It is moft certain, that in a fyncope, when the
vital motions ceafe, the pupil is dilated in air,
as well as in Watc;, becaufe the refina lofes
" its fenfibility ; but a cat plunged into water,
does not become imrn;ediatcly infenfible, nor
does the motion of its heart ceafe with that
of refpiration; and if 2 man can reftrain
breathing near a minute, without lofing any of
his fenfes, this animal, which bears the air-

P

* Memoires acad. des fciences 1704. edit. 8vo. p. 353.
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pump fo long, muft continue fenfible and
lively under water for a much longer time :

add to this, that the cat’s pupil is obferved to
be greatly dilated immediately after immee-
fion ; whereas, according to Mr. Mery’s prin-
ciples, it thould become gradually wider, as

the animal languithes more and more.
Since the optic nerve and thofe of the
uvea arife from different parts of the brain,
and have no communication with each other
in their courfe to the eye, it feems evident,
that light affeCting the 7etina, cannot excite
the fphinéter of the pupil into contraction, by
any immediate mechanical change which it
produces, either in the mufcle itfelf, or in the
nerves which actuate it; but the uneafy fen-
fation occafioned in the refzna by the admif-
fion of too much light into the eye, may fo
affe@t the fentient principle, which is prefent
and ready to act, where-ever the nerves have
their origin, as to excite it to determine the
{pirits more capmuﬂy into the orbicular mu-
fcle of the wvea, in order to leflen the pupil,
and exclude the oftending caufe. While the
eye remains in the fame degree of light, and
directed towards the fame objelt, the pupil
remains
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remains invariably of an equal fize, as the
fame caufe continues uniformly to excite the
mind to determine the nervous influence in
the fame degrce into its fphincler mufcle : but
no fooner does the light become fainter, than
the fentient principle, being lefs affected, cea-
fes to contra& this mufcle, and allows the
curtain of the pupil to be opened by the natu-
ral action of its longitudinal fibres, by which
means more light 1s admitted 1ato the eye.

WHEN the eye is fuddenly removed from a
very faint into a bright light, a confiderable
dazzling, with an uneafy {fepfation, is plainly
perceived; and though in fmaller changes
this is much lefs perceptible, yet it may be
fufficient to excite the mind to contract the
pupil {o far as may be neceﬂ'al__'}*_ in {uch cafes
to defend the tender refina.

Ir it be afked, why the orbicular mufcle
of the #vea is rather contracted than its lon-
gitudinal fibres, upon the admiffion of light
into the eye ; the anfwer is, that the contra-
&ion of the latter, would not tend to remove
the uneafy fenfation, but to increafe it : and
fuch is the original conftitution of our frame,
that the mind or fentient principle is, in con-

{equence
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fequence of uneafy fenfations, inftantly deter-
mined to produce fuch motions or changes in
the body, as naturally tend to remove or lef-
fen them.

WuEeN a candle is placed before the eyes,
if one of thefe organs is covered with one’s
hand, or any opaque body, the pupil of the
other will be obferved immediately to become
wider. Now, as the mulcles of the wvea of
the one eye have no manner of connexion with
thofe of the other, either by means of nerves
or blood-veflels, unlefs it be that the former
are derived from different parts of the fame
brain, and the latter from the aorfe, this
confent in their motions muft be altogether
inexplicable upon mechanical principles alone:
for if the acion of light on the eye is the
caufe of the contrattion of the pupil, why
- fhould not the pupil of the open eye remain
equally contrated when the fame degree of
light continues to ac upon it ; or why fhould
it be affe&ted by the relaxation of the other
pupil, with which it has no immediate con-
nexion, while the mechanical caufe of its
own contraction continues to a@ with undi-

minithed force ?
But
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But if we allow the contra&ion of the
pupil to be owing to a fentient active prin-
ciple, which, in proportion as it 1s more or |
lefs affeCted, by the uneafy fenfation arifing
from the action of light' on the refina, con-
ftricts the pupil in 2 greater or lefs degrees
then, when one eye is thut, its 7e¢fina being
no more expofed to the light, and confe-
quently the fentient principle being no longer
excited to contract the orbicular mufcle of
the wvea, its pupil muft be widened by the
natural contraction of the ftronger longitudi-
nal fibres of this membrane: but as the mind
has, from the time of birth, been always ac+
cuftomed to contract the pupils of both eyes
at the fame time, the one pupil can no more
be relaxed without the other being partly fo,
than one eye can be directed to the nofe,
while the other is turned from it: for how
much foever the motions of certain mufcles
are owing to the immediate energy of the
mind, yet it is undeniable, that, by conftant
habit, we foon lofe the power of moving
them, except in a particular way ; and as this
is true of the eyes, whofe motions are quite
of the voluntary kind, and may be performed

| or
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or reftrained at pleafure, it cannot with any
fhew of reafon be denied to take place in fuch
mufcles, whofe action is from the beginning
neceflary and independent on the will.

As in the above mentioned experiment the
pupil of the open eye is confiderably relaxed,
on account of the confent of its motions with
the pupil of the other, {o itis not to be doubt-
ed, but that the pupil of the covered eye is
lefs enlarged than it would be, if no light was
admitted into the open one: thus in a guwita
Jferena, the blind eye has its pupil {fenfibly con-
tracted, when the found one is expofed to a
bright light, 7. e. the difeafed pupil follows in
fome degree the motions of the found one,
and, by the aétion of light upon it, is hinder-
ed from being fo much relaxed as it would be
otherwife. It is however probable, if a per-
fe& amaurofis was to continue long in one eye
without affecting the other, that this confent
between the pupils, as to their motions, would
gradually become lefs remarkable, till at laft
the pupil of the difeafed eye would cedfe to
be leflened almoft in any degree by the action

of light on the found one.
- Wugen
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WHEN a eandle is fo placed as to fhine full

upon one eye, without any of its rays having
accefs to the other, the pupil expofed to the
light 1s obferved to be fomewhat lefs than the

other; though neither of them is {fo much con-
tracted, asif both eyeswere equallyaffected by
the light. Hence it follows; that notwith-
ftanding there is a remarkable uniformity be-
tween the pupils of both eyes as to their mo-

tions, yet they don’t exatly keep pace, but
the pupil immediately expofed to the greateft

light is moft contrated. ~And this ferves fur-
ther to fhew, that when one eye is covered,
the pupil of the open one becomes wider,
from the confent between its motions and thofe

of the darkened one; and not, as fome may
perhaps imagine, becaufe the mind receiving

only the impreflion of light ating upon one
eye, and therefore being lefs affeCted than
when both eyes are open, makes a lefs effort
to exclude the light, by contralting the pupil.
The reader will, however, eafily perceive,
that in both ways of explaining the above phe-
nomenon, the neceffity of deducing thefe in-

voluntary motions from the fentient principle,

is equally acknowledged.
Ir
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Ir it {hall be alledged, that the contraction
of the pupil is not owing to the action of light
on the retina, but on the choroid coat, and
that the #vea being a continuation of this
membrane, and having its nerves from the
fame fource, may eafily be fuppofed to have
a remarkable fympathy with it. Without en-
tering into the difpute, whether it is the re-
tzna or choroid that receives the impreffion of
objelts, -and feels the flimulus of light; Ian-
fwer, that as the agreement juft now obfer-
ved between the two pupils as to their mo-
tions, cannot poflibly arife from any mecha-
nical confent between them, but muft be ow-

_ ing to fome common PRINCIPLE in the brain;
{oitis highly reafonable to imagine, that the
contraction of the orbicular mufcle of the #-
vea, in confequence of light being admitted
into the eye, proceeds from the fame caufe,
and not from any connexion between the cho-
roid and wwvea : for fuppofing it did, why
thould its circular fibres rather than its longi-
tudinal ones be contracted ; fince, as the lat-
ter are nearer to, and more immediately de-

rived from the choroid than the former, one
' would
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would be apt to think their fympathy with
it fhould be the more remarkable, q

Having, as we hope, given a clear and
confiftent account of the pupil’s motions, fo
far as they are owing to different degrees of
light applied to the eye; it may not perhaps
be improper, briefly to point out a few mif-
takes of fome authors of confiderable chara-
&er, with refpect to this matter.

“MR. Mery, not being able to obferve any
circular fibres in the 7ris, whofe contraction
might account for the conftriction of the pu-
pil, endeavours to prove that this is owing to
the inflation and elongation of its longitudi-
nal fibres by the animal {pirits being more co-
pioufly derived into them; and that the di-
latation of the pupil is owing folely to the
{pring or elafticity of thefe fibres, whereby
they become fhorter when left to themfelves*, |
But there is no inftance in the human body,
of any mufcle being elongated by a more co-
pious derivation of the nervous influence into
it ; the conftant effect of this is, to {well, har-
den, and fhorten the mufcle at the fame time,
Nor indeed would it be eafy to conceive (al- |

lowing

* Memoires acad. des {ciences 1704, edit. 8vo. p. 352.
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lowing a fingular ftructure in the longitudinal
fibres of the 77is) how they could be {o length-
ened by the influx of animal fpirits, as to re-
duce the pupil almoft to a point, without, at
the fame time, being fo inflated as to make
a very remarkable difference in the thicknefs
- of this membrane. 3
THE ingentows Mr. de la Hire imagines,
that as a bright light, by difagreeably affect-
ing the bottom of the eye, excites us to con-
tract the pupil; fo, in the dark, we do our
utmoft to dilate it, that we may fee more
diftinctly *; that is, its dilatation is owing to
an effort of the will, determining the nervous
influence more copioufly than ufual into
the longitudinal fibres of the 7775. To prove
this, he fays, that cats in a luminous place,
when they don’t feem to be taking notice of
any thing around them, have their pupils al-
moft quite fhut, but that, as {oon as any ex-
traordinar}r obje& prefents itfelf, fo as to
draw their attention, they immediately, and
at once, open their pupil confiderably . If
this be true, as I dare fay it is, then cats muft
be allowed to have a power of dilating, and
probably

* Memoires acad. des fciences 1709. edit. 8vo. p. 121.
+ Ibid. p. 121. 122,
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probably alfo of contraéting ‘their pupil at
pleafure, when the quantity of light applied
to their eyes remains the fame ; which how-
ever i1s not the cafe with men, in whom the
widenefs of the pupil in a fymespe, apoplexy and
confirmed gutta ferena, thews, that, in order
to dilate the pupil to its largeft fize, no effort
of the mind is neceflary, but only the fuperior
contractile power of the longitudinal fibres of -
the nvea, when 1its circular mufcle js not ex-
cited into action by the fimulus of light on
the retina.  Nor have I ever been able to ob-
{ferve that the pupil is narrower in a light
room, when one does not attend to any thing
around him, and becomes wider as foon as
he looks ftedfaftly at any obje&, and endea-
vours to fee it diftinctly.

THE fame author, in confequence I fup-
pole of his above mentioned notion of the
~voluntary dilatation of the pupil, alfo alledges,
that, in a bright light, when we look at-
tentively at an object in order to fee its fmall
parts, the pupil is not {fo much contracted as
it would be by the action of this degree of
light alone, did we make no fuch effort to
fee any thing diftinctly *. 'This, however,

1S5
* Memoires acad. des fciences 1709, edit, 8vo. p.121. 122.
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1s {o far from being true, that it will appear,
from experiments to be mentioned below,
that in, the ftrongeft light the pupil is lefs
contracted when we make no effort to fee any
thing diftinctly, than when we look with great
attention to a near object, fo as to obferve
its minute parts. - '

THE learned Dr. Huller, equally doubtful
of the exiftence of the circular, and of the
aion of the longitudinal fibres of the wwvra,
deduces the contraction of the pupil from the
ftimulus of light affecting the 7745, and caufing
a greater flux of humouts into its fine pellucid
veflels, by which means they are extended
in length,  the 7775 is rendered broader, and
confequently the pupil narrower, The dila-
tation of the pupil, he afcribes to the aque-
ous humour prefling its edges outward, when
the powers contracting it, and confequently
refifting the preflure of this fluid, are weak-
ened *. But, if the contraction of the pu-
pil was owing to the elongation of the veflels
‘of the iris, from the humours moving with
greater force through them; then, in animals

newly dead, warm water injected into the ca-
rotid

* Primz lince Phyfiolog. fe@. 506, & 515.
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rotid artery, fhould make the pupil contrac
fenfibly.  Further, the 7ris fhould become
thicket and its veflels fwell; fince the greater
foroe of the fluids moving in them muft in-
creafe their tranfverfe diameter, as well as
their length : thus when the penis is erected
by the effufion of blood into its cells, it be-
comes thicker; as well 45 longer. Laftly, as
this theory fuppofes the contraction of the pu-
pil to proceed from the action of lightasa fi-
mulus upon the fenfible veffels of the zrss, it
may be looked upon as fufficiently confuted,
by what has been offered above, to thew that
it is to the altion of light on the refina, and
not on the 77zs, that the contraction of the pu-
pil is owing.

- WiTH refpe@ to Dr. Haller’s account of the
dilatation of the pupil ; it were fufficient to ob-
ferve, that as the watry humour, like all o-.
ther fluids, muft neceflarily prefs the parts
of the 7775 as much inwards toward the pupil,
as outwards toward the cornea, ’tis evident
it can have no effe&t in widening the pupil.
Unlefs therefore the Doffor will thew, contra-
rary to the firft and hitherto univerfally re-
ceived principles of hydroftatics, that the parts
of the aqueous humour are not in equilibrio a-

mong
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mong themfelves; his opinion muft neceffari-
ly fall to the ground. But further, if the
dilatation of the pupil was not owing to the
natural contractility of the longitudinal fibres
of the wvea, but merely to the preflure of
the aqueous humour upon its edges, when
the power conftricting it ceafes to act; the
pupil thould, contrary to experience; continue
to grow wider for fome time after death,
becaufe the veflels and fibres of the 77z, be-
coming then remarkably more flaccid, muft
be lefs able to refift the fuppofed preffure of
the aqueous humour : but if the enlargement
of the pupil, is owing to the natural contra-
Qion of the longitudinal fibres of the 7775, as
has been above explained, then it will evident-
ly appear why the pupil does not become
wider; but rather narrower after death, be-
caufe thefe fibres which retract its edges, gra-
dually lofe their contractile power, and are
fomewhat elongated.

THE accurate Winflow is, 1 believe, the
firft who obferved that the pupil becomes
lefs after death. In fome bodies he found it
of a moderate fize, in others a good deal
more contracted, but never much dilated, as

R we
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-we know happens in a gutta ferena, [yneope, a

poplexy, &e¢ *. The pupil, however, notonly
thus becomes narrower after death, but alfo
{ometimes before it.

THus in a boy of § years of age, who had
been for fome days comatous, the pupil firft
became remarkably wide, and was not fenfibly
affected by a lighted candle brought very near
the cormea : about 15 hours after this, ‘look-
ing into his eye, I obferved, with furprize,
the pupil not larger than in a {found eye in a
moderate light. At this time having en-
deavoured to roufe him, by holding fpirit of
Jal ammoriac. to his noftrils, and making him

fwallow fome cinnamon water with fp. falin.

aromat. the pupil was thereby {uddenly dilated,

and became as wide as it had been the even- |
ing before. After half an hour, he fell into |
a greater degree of fhzpor, and his pupil be-
came remarkably lefs as above, and remain- |
ed equally fo in all degrees of light ; but up-
on applying {pirit of fal ammon. to his nofe,
was quickly enlarged, fo as to occupy two |
thirds of the cormea, 'This experiment I re- ;

peated four times in the fpace of two days, |
and
* Memoires acad. des fciences 1721. edit, 8vo, p. 416,

sl L
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and always with the fame fuccefs. During
moft of this time, his pulfe was ftrong and
full.  When this child’s head was opened
after death, there were found immediately
below the corpus callofum, about two ounces
of water.

Frowm this remarkable hiftory, it feems ma-
nifeft, that the dilatation of the pupil foon
after the coming on of the coma, was owing
to the comprefiion of the thalami nervorum o-
pticorum, by the water collected in the brain,
which rendered the 7efzna infenfible to the /-
mulus of light. Soon after, the origin of the
nerves of the #vea beginning to be compref-
{fed by the growing collection of lymph, the
longitudinal fibres of this membrane loft
their power of contraction, and became flac-
cid, almoft as in dead bodies; whence the
edges of the pupil were lefs retracted. The
volatile {pirits applied to the olfactory nerves,
by giving a fhock to the whole brain and ner-
vous {yftem, in fome degree opened the ob-
{tructed nerves of the zvea, {o as to allow their
influence to be derived into its fibres, the ne-
ceflary confequence of which was the dilatation

of the pupil. But as {oon as the effect of this
Slimulus

Fodge:
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Sflimulus was over, the influence of their nerves
being again intercepted, the longitudinal =
fibres of the wvea were relaxed, and therefore
the pupil was lefs dilated. As thefe different
ftates of the pupil were more remarkable in
the left than in the right eye, it is probable,
that one fide of the medullary {ubftance of
the brain was fomewhat more comprefled
than the other. Laftly, fince, after the pupil '
was enlarged by the flimulus of the volatile
{pirits, the eye ftill remained wholly infenfible
to the action of light, it is reafonable to think,
that the preflure upon the origin of the optic |
nerves was greater, than upon that of the
nerves of the zwvea: but although the origin
of both thefe nerves had been equally affect-
ed by the difeafe, yet the volatile fpirits ap-
plied to the membrane of the nofe, ought
to have produced a more remarkable effe&t
upon the latter, becaufe the opthalmic branch
of the fifth pair of nerves which ferves the
uvea, {ends off a branch, which, along withthe
olfattory nerve, is diftributed to this mem-
brane. '

2. Tug
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2. 'THE motions of the pupil are not only
neceflary to adapt the eye to different degrees
of light, but alfo to the diftin& vifion of
obje&ts at different diftances. Thus if a
book which one can eafily read at the di-
ftance of two feet, is gradually brought
nearer the eye, till the letters can be no long-
er diftinguithed, the pupil will be obferved
to become narrower in proportion as the book
approaches the eye. Again, if one looks firft
to a candle two or three feetdiftant, and imme-
diately after to the point of a quill, or any fuch
object, within five or fix inches of the eye, and
nea;ly in the fame direGtion with the candle,
the pupil will be fenfibly contradted: now,
as the fame quantity of light from the can-
dle, fthines upon the eye in thefe two cafes,
the greater contraction of the pupil in the
. latter cafe, cannot be owing to the light
more ftrongly affeGting the retina, but to an
effort of the mind to fee the objeét more
diftin¢tly. This 1s ftill further confirmed by
the following experiment ; let one with his
back to the light, firft look toan obje&t of a
lively colour at the diftance of three or four

feet from his eyes, and afterwards to adarkone
at



134 Of the ViTAL and

at the diftance of one foot, and the pupil will

be obferved to become {enfibly narrower when

‘he looks at the near obje&, although the
quantity of light reflected from it 1s lefs.
Hence the learned Dr. Furin is miftaken
when he fays, that in a faint light the pupil
is fo far from contralting in order to diftin&
_vifion, that there is rather a neceffity of di-
lating it in order to take in more light *,
THE neceflity of this contrattion of the
pupil when we look at near objects in order
to render vifion more diftinct, is eafily under-
ftood ; for as in near objects the divergency

E3 .

o B s

of the rays is much greater than in diftant .

ones, and as thofe rays only ferve for diftin&
vifion, which do not diverge much from the
axts of each pencil, the pupil muft be con-
tracted, in order that the ufelefs or difturbing
ones may be excluded. The contraction
therefore of the pupil in viewing near ob-
jets, 1s not falely owing to the {pifiitude of
the rays refleGted from them, as Plempius,
who firft obferved this motion, and others af-

ter

* Effay on diftin& and indiftin& vifion at the end of

Smith’s Optics, p.145.
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ter him, have thought *, but chiefly to an ef-
fort of the will in order to diftin¢t vifion :
in like manner, when we look at remote ob-
jects, the pupil not only becomes wider, be-
caufe the rays are thinner, and confequently
their light fainter, but chiefly becaufe the con-
traction of its /phinéter mufcle is no longer ne-
ceflary  to leflen the diffipation of the rays.
In viewing diftant objects, the pupil is not
widened by any effort of the mind, but its
fize is entirely determined by the quantity of
light applied to the eye, which, as it is, ceete-
ris paribus, fainter in diftant than in near ob-
jects, muft occafion a {fmall degree of dilata-
tion in the pupil, when we contemplate the
former : but in looking at any thing nearer
the eye, than that diftance at which we {ce
diftinétly, and with the greateft eafe, the con-
traction of the pupil is principally owing to a
voluntary exertion of the mind’s power in
order to render vifion more diftinct ; and but
in a very {mall degree, to the flronger and
more vivid light, which the object, on ac-
count of its vicinity, reflets upon the eye.
Hence

* Planp. opthamogr. lib. 3. cap.8. and Haller. com-
ment, in inftitut, Boerhaav. feét. 536. '



136 Of the ViTAL and

Hence its dilatation in the former cafe, is much

Tefs remarkable than its contraion in the

latter.

Maitre-fan has, by a wonderful miftake, af-
ferted, that the pupil is leflened when we look
at diftant objects, and enlarged when we be-
hold near ones; and is at great pains to fhew
the ufefulnefs of thefe motions to diftinét vi-
fion. But his reafoning on this head is ex-
tremely weak, and fcarce confiftent with any
tolerable knowledge of optics *.

TuE author of the Effais de phyfique, {up-
pofed to be Dr. Senac, has fallen into an error
not lefs inconfiftent with the laws of vifion,
when he affirms, that the images of objeéts in
the bottom of the eye, are greater or lefs, as
the pupil is more or lefs dilated ; and hence
accounts for the fun’s appearing much lar-
ger when he firft gets above the horizon,
than at mid-day, when his greater {plendor
makes the pupil to be more contratted .
But if this were o, objeés ought to appear
always largeft in the fainteft light; which

we

* Maladies de P'ceil. chap. viii. & xxi.

+ L’Anatomie d’Heifter, avec Effais de phyfique, edit. 2.
p. 703.
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we do not find confirmed by experience.
Further, fince the image of any objeét is |
' formed by the union of the pencils of rays
that flow from each point of the object in cor-
refpondent points of the retina, it is evident,
that its magnitude depends on no other cir-
~cumflances, but the real magnitude of the
objec, and its real diftance from the eye *,
The different fize of the pupil may, agreeably
to what has heen obferved above, affe&t the
luftre and accuraey of the feveral points of the
.image, but cannot alter their diftance, be-
caufe the axis of the feveral pencils, and their
~angles of ineiina’giﬂn, continue the fame, what-
ever is the bulk of the pupii. Any one
_may fatisfy himfelf at once, by an eafy expe-
riment, - that the contraction and dilatation of
_ the pupil cannot aiter the bulk of the image
- of any object formed on the bottom of the eye;
for the picture which is made by a common

Jens on a theet of paper; will not be found to
S _ . thrink

% Tt is not affirmed, that the apparent magnitude of ob-
je&s depend on the circumftances here mentioned alone ;
for we are well aware, that experience, the known diftance
of obje&s, and other things, have great influence in this
matter.
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fhrink or fwell, when greater or lefler cen- .
centric portions of the /ens are covered. |
As we have already feen, that the pupil
cannot be fo much contracted by the action of
light alone on the eye, as when, along with
this, there is an effort of the will to fee a
 near object more diftin&ly ; fo the pupil can-
not, by any effort, in order to diftin& vifion, |
be as much leflened in a faint light as in a
bright one. Thus, if one with his back to |
the windows of a room, brings a {mall print-
ed book fo near his eyes, that he cannot, with-
out ftraining, diftinguifh the letters; upon
turning his face quicklyto the light, he will
be able to read with little difficulty ; becaufe,
by the action of the ftronger light on the 7e-
tina, the pupil is immediately leffened, andﬁ
therefore its power, to prevent the dlfﬁpatmm
of the rays, and confequently indiftin& vifion, |
is increafed.  Hence neither the fingle effort
of the mind to avoid indiftin& vifion, nor ‘a
vivid light alone, can contract the pupil to its
leaft fize, that is, not fo much as when bnth.i
thefe caufes of ‘its contraction are united.
In infants, but more efpecially in fuch as
are newly born, the pupil is obferved to be.
conﬁdcrably
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confiderably wider than in grown people,
when the eyes of both are expofed to the fame
degree of light; 1. becaufe in farufes and
new-born children, the cornea being thicker,
lefs tranfparent, flatter, and not fufficiently
ftretched, on account of the fmall quantity of
aqueous humour *, vifion is very indiftin&,
and the retina is lefs affeCted by the rays of -
light, which are neither freely tranfmitted to,
“nor properly collected upon it; and, 2. be-
; caufe they want in a great meafure the faculty
_of contracing the pupil, in order to the more
diftin& vifion of near objects, which feems
to be partly acquired by habit. ~The caufes,
therefore, to which the contraltion of . the
pupil are owing, being weaker in infants than
in adults, ’tis no wonder that this paffage ap-
pears more dilated in the former than in the
latter.  Dr. Furin has given a different ac-
count of this phenomenon; but fuch as we
can by no means think fatisfactory --.

In old people the pupil becomes lefs move-

able, becaufe the retzna grows lefs fenfible of
the

* Memoires acad. des {ciences 1727. edit. 8vo. p. 348.

349- & 350. |
+ Effay on diftiné and indiftinét vifion, p. 147.
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the flzmulus of light, and the mufcular fibres.
 of the 7725 lofe in part their contra&ﬂe powm
furth&r, in old age the i‘ﬂf‘ﬁfﬁ, on account of
the decreafe of the aqueous humour, not c:-nly
lofes its brxlhancy, but becomes alfo in fome
degree wrinkled ; whence the resina will be
fefs aﬁ'e&ed"ﬁy light, and cqnfﬁ_quently the
pupil will be lefs contracted. | s,
~ Tue motions of the pupil from light, dif-
. fer from thofe which are performed in order
to render vifion lefs indiftin¢t ; fince the for-
mer are owing to an uneafy {enfation affecting
the reti na; whereas the latter arife from an
a& of volition, or effort of the will in order
to the more diftin& vifion of obje&s at cer-
tain diftances. The former are of the fame
kind w1th the contra&mn of the diaphragm
in the hiccup and in vomiting, of the mufcles
of refpiration ip fneezing, and of the accele-
ratores urine in expelling the femen. 'The
latter agree with the motions of the cryftal-
line, by which the eye is adapted to fee dif-
tin@ly at different diftances, and with the u-
niform motions of the eyes in looking at ob-
jeés. . The firft are ever neceffary and inde-
pendent of the will; but the fecond are
{ | A plainly
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plainly voluntary, and can be reftrained if
we pleafe, though they are often not attended:
with confcioufnefs of volition. -
In looking at near objeéts, the pupil is lef-
fened, at the fame time that the cryftalline
~ humour is bmught forward towards the cor-
nea, by the contraction of the ciliary procef-
fes; but when we contemplate diftant ones,
the contraction of the ciliary procefles and or-
bicular mulcle of the wvea ceafing, the cry-
ftalline returns to its natural fituation, and the
pupil to that fize to which it is fixed by the
quantity of light applied to the eye. Thefe
motions though both voluntary, yet come to
be fo conneted by habit, that we cannot per-
form them {eparately ; nay, as often as we
direct our eyes to any near object, the motion
of the cryftalline and contraction of the pupil
naturally go along, and are performed in {fuch
a degree; as is moft proper to procure diftinct
vifion at that particular diftance: nor can we
feparate thefe three motions ; although as they
are all voluntary, they may be rcf’cramed or

performed at pleafure.
Tue pupil differs from the anus, neck of
the bladder, and other paflages guarded by
[phinéters,
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fphinélers, in being always dilated when
nothing adventitious acts on the eye, while
the latter, left to themfelves, are conftantly
contracted ; -the reafon of which is, that the
natural and equable contraction of the longi-
tudinal fibres of the wvee, which ferve to di-
late the pupil, is {trongeft, while the contrary
holds true of the other paffages now menti-
oned, whofe /phincter muicles have either no
proper antagonifts, or fuch as are much
weaker than themfelves.  Further, after
death, when thefe [phiniters are relaxed, and
confequently their paffages rendered more pa-
tent, the pupil becomes fenfibly lefs, becaufe
the longitudinal fibres of the /775, to whofe
contraction its dilatation was owing, lofe
their contractile power, grow flabby, and are
elongated. Hence we fee, that at death the
eye-lids remain partly open, for the {ame rea-
fon that the pupil is leflened after it.

Ir from any caufe the longitudinal fibres of
the uvea are rendered quite paralytic, while
its circular mufcle retains its ufual power, the
pupil will, by the natural contraCtion of the '
latter, be at all times very much conftrited,
fo that in a bright light it will become little

le(s
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lefs than in the fhade. If the circular, as
well as longitudinal fibres of the 7775, are en-
tirely paralytic, the pupil will be altogether
deftitute of motion, and much in the fame
ftate that it is fome time after death, 7. e¢. it
will be generally as much contratted as the
pupil of a found eye is in a moderate degree
of light. If the mufcular fibres of the 7r/s
are not wholly deprived of their contractile
power, but greatly weakened, the pupil in a
dark place will have its edges a little retracted
by the action of the longitudinal fibres, and
in a bright light will be fomewhat leflened by
the contraction of the circular ones; but thefe
motions will ‘be much more inconfiderable
than in a found eye.

In all the cafes now mentioned, the difeafe
‘called by Hippocrates, and others among the
antients, nugpanoma, ‘will happen, 7.e. the
patient will fee in the day-time, but in the
twilight and night-feafon, he will not be able
to diftinguith objets. An inftance of this I
had lately occafion to fee in a young man of
about 27 years of age, who had ferved for
fome time in the navy, where he had been
expofed to much fatigue and cold : his eyes

appeared
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ﬁi)peared'found; nor could I obferve that
they differed from the eyes of other people,
excepting that the pupil had very little mo-

L :I-..H‘ﬂ
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tion : it remained always pretty narrow, and 1

was neither remarkably contracted by light,
nor dilated in the dark.. This perfon faw
well enough in the d&yﬁtﬁﬁg,l efpecially if the
weather was ferene; ;but:tm the twilight, or
in an obfcure place,’ was”fo far from diftin-

guifhing ebjects, that he could fcarcely find |
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his way : as his pupil had fome motion, ’tis

probable, that the fibres of the 7775 were not

~ quite paralytic, though greatly debilitated : his
feeing in the day-time fhewed, that the retine
was either wholly, or in a great meafure, found;

and that his blindnefs in a faint light, was ow-
ing to the pupil’s not being dilated {o as to ad-
.mit a fufficient quantity of rays into the eye.

Ir, after an inflammation of the 77z, a ri1-
gidity is left on its circular or longitudinal
fibres, the pupil will be deprived, either
wholly, or in a great meafure, of its ufual
motions ; and may be either too much con-

tratted, or greatly dilated: if the former,

the patient will only fee well by day ; if the
latter, the eye will not be able to bear a bright
- light,
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licht, and therefore the patient will fee beft
in the fhade and by candle light; 7. .. he will
labour under the difeafe called rxraromie,

ALTHOUGH in an amaurofis the pupil is ge-
nerally very wide, yet this is not always the
cafe, for as often as the fibres of the wwveaz are
entirely deprived of their contractile powers,
the pupil appears as much or rather more con-
tracted than in a found eye. Of this I faw
an inftance, not long ago, in a woman who
was almoft totally blind of both eyes, where
there was no opacity in the cornea or cryftal-
line humour, but only a want of motion in
both pupils. The pupil of the right eye was
immoveable, and always as much contrated
as it thould have been in a moderate light;
the other was dilated, asis ufual in a gutta
ferena, but when expofed to the light feemed
to contract a very little. By means of this eye
{he difcerned light from darknefs, but could
not diftinguifth objects: with the other eye fhe
faw nothing. :

In this patient both eyes feem to have been
affeCted with a gutta ferena; in the right eye
the retina was not only infenfible, but the
mufcular fibres of the zvez muft have been

4 i . quite
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quite paralytic, whence the pupil remained
always moderately contrated, as Winflow
has commonly obferved it fometime after
death *. In the left eye the retina, though
confiderably difeafed, was not wholly deftitute
of feeling, and the fibres of the wves {feem
to have been found and poffefled of their uy-
fual contrattile power.

" Of the motions of the mufcles of the internal

ear.

S, without the motions of the pupil, the
eye would have been ill contrived for
vifion in different degrees of light, and at dif-
ferent diftances ; fo the ear would have been
unfit for hearing diftinctly a diverfity of
founds, were not fome of its parts capable of |
various degrees of tenfion. A mufical chord,
of a determinate length and tenfion, can on-
ly vibrate harmonicaﬂy with one particular
found ; if therefore there was no mechanifm,
by means of which the membranes of the

tympanum and feneftra ovalis could be more or
' lefs

* Memoires acad. fciencés 1721. edit, 8vo. p. 416,
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lefs ftretched or relaxed, they could only be
harmonically affe@ed by one found; which
therefore alone would be heard diftinétly, and
all others more or lefs confufedly. To pre-
vent this inconveniency, the malleus is fur-
hithed with three mufcles, and the fapes with
one; by the various contractions of the for-
mer, the membrane of the fympanum, and
by means of the latter, the membrane of the
feneftra ovalis, is rendered more or lefs tenfe,
and fo accommodated to almoft all pofiible
{founds.

IT may well appear wonderful, how the
ears {hould be fo exatly adapted by the vari-
ous contractions of thefe mufcles, to fuch a
vaft variety of founds; but with what exqui-
fite {kill and amazing wifdom, is every thing
in the animal frame adjufted !— As the
ftimulus of light upon the retina, andthe {en-
fation of indiftinétnefs in near objelts, excite
the mind to contra&t the pupil, fo the lefs
diftin& #remor of different founds, affecting
the auditory nerves, is the caufe of the fub-
{fequent contractions of the mulcles of the iln-
ternal ear ; for no fooner does the mind per-

ceive the firft indiftin& noife of any found,
¢
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but it inftantly contracts fome of the abuve f
mufcles, fo as moft nicely to adapt to it the

membranes of the tympanum and feneftra o-

walis : if the found be acute thefe membranes

are juft as much ftretched as is neceflary for
their vibrating harmonically with it; if it be
flat, they are duly relaxed: and thus, bya
moft fimple mechanifm, the ear is rendered
fenfible of the fimalleft variations of found or
difference of notes in mufick.. As infants
feem, by habit, to acquire a faculty, or at leaft
a greater dexterity of adjufting their eyes, by
the motions of the pupil and cryftalline hu-

mour, to the various diftances of objeéts, fo

it 1s not altogether improbable, that they may
at firt hear lefs diftinétly, till, by degrees,
they come to acquire a power of readily ac-
commodating their ears more exactly to dif-
ferent founds. And is not the want of an
EAR (as 1t i1s ufually called) owing to a defi-
ciency of this power*? While that exquifite
difcernment of mufical founds, which many
poflefs, fhews, that they can adjuft their ears
to different notes with the greateft accuracy.
THAT

# "This may arife either from a lefs degree of fenfibility

in the auditory nerves, or of agility in the muﬁ:les of the ear,

pr from both,
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TuAT the motions of the mufcles of the
internal ear proceed from the mechanical a-
¢tion of found or vibrating air on their fibres,
the analogy of the motions of the pupil for-
bids us to believe. Further, if this was the
cafe, why fhould not all the mufcles of the
malleus be equally contracted by the fame
found? And why fhould thofe which ferve
to ftretch the membrane of the drum, be ex-
cited into motion by acute founds, while the
mufcle which relaxes it, is only brought into
action by grave ones !—As brute animals up-
on the firft perception of any noife, turn their
external ears towards the place from whence
it comes, fo, at the fame time, they adapt
their internal ear to it; the firft of thefe mo-
.tions cannot be denied to flow from their fen-
tient principle actuated by the found; why
then thould we doubt that the latter proceeds
from the fame caufe? |

THE motions of the mufcles of the inter-
nal ear in confequence of various founds, are
not only unattended with confcioufnefs of vo-
lition, but altogether neceflary and involunta-
ry, for we cannot move them except when
{ound ftrikes the ear, nor hinder them to act

when 1t does.
' ) e A
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Of the alternate motions of refpiration.

EsPIRATION is that aGion whereby a

certain quantity of air is alternately re-

ceived into the lungs and expelled out of them:
it confifts of infpiration and expiration. In-
{piration, or the reception of air into the lungs,
is owing to the contraction of the infercoftal
mufcles and diapbragm, whereby the cavity of
the shorax is both lengthened and widened ;
for as the lungs, together with the heart, &e.
perfectly fill the cavity of the breaft, and as
their exterior {urface is every where conti-
guous to the pleura and diapbragm *, it ne-

ceflarily

* Some authors, I know, contend, that the lungs are not
contiguous to the pleura, and that, in the fpace between
them, there is contained, what they call internal air, the
ufe of which in refpiration, they are at great pains to thew;
but the arguments, upon which this opinien is founded,
are no way conclufive, and might be eafily refuted, were
it not foreign to our prefent defign ; nor is the authority of
the accurate Morgagni here of any weight *, fince the beft
Anatomift may be deceived in making a fingle experiment,
and fince we have the repeated experiments of fome of the
greatelt Anatomifts againft him; nay in every dead body,
where the integuments and intercoftal mufcles are carefully
taken off, the %ungs, are {een contiguous to the pleurq.

* Adverfar, anat. 5. animadver. 33. p. 46,

A
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ceflarily follows, that when the diapbragm,
by its contraction defcends, and the ribs, by
the a&tion of the intercoftals, are raifed, the
lungs muft follow them, and confequently
the external air ruth in by the glztis, to fill
the vacuity that would otherwife happen in
the cavity of the cheft.

InspIRATION being thus performed, the
infpiratory mufcles are rclaxed, upon which
the ribs by the renitency of their elaftic car-
tilages return to their former fituation, and
the diaphragm, by the rea&ion of the ftretch-
ed peritoneum, pericardium, and abdominal
mufcles, is pufhed up into the zborax ; whofe
cavity being therefore diminifthed, the air
contained in it, muft be expelled by the gloz-
15 ¥

In order to account then for the alternate
motions of refpiration, it is only neceflary
to thew, why the intercoftal mufcles and
diaphragm are alternately contracted, and re-
laxed, fince their contraction produces infpi-
ration, and their relaxation allows the reni-

tency

* While the cavity of the thorax is leflened by the
caufes here mentioned, the mufcular fibres of the éronchia,
by their contrattile power, contribute to the expulfion of
the air out of the lungs.
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tency of the cartilages of the ribs, &c. to

caufe expiration *. But as Mr. Bremond has

in the memoires of the acad. of [ciences for
1739, favoured us with a fet of pretty extra-
ordinary experiments, which, hethinks, clear-
ly prove, that the lungs are not paffive in the
affair of refpiration, but endued with a power
of dilating and contrating themfelves; in-

dependent of the motions of the zhorax; it

will' be neceflary, before we proceed any
further, to fhew, how far this ingenious
Gentleman has been deceived ; and that the
lungs have really no proper alternate motion
of their own, but follow the motions of the

cheft.

~ Or the experiments related by Mr. Bremond

the following are the moft remarkable.

1. AFTER a wound made in the thorax of a
dog, the lungs, inftead of collapfing, continu-
ed to be contracted and dilated alternately, but
their motions were afynchronous to thofe of

the

* If any one doubts of both rows of intercoftal mu-
[cles confpiring to pull up the ribs, he need only compare
what #inflow has faid on this head (anat. fe&t. 3 Ne
1057, 1058, 1059,) with the courfe and direGtion of thefe
mulcles in a frefh fubje®, orif that can’t be had, with
the elegant figures of them publithed by Dr. Hoadly at
the end of his le€tures on refpiration. :
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the thorax; for when the ribs were deprefled;
a fmall portion of the lungs was thruft out
at the wound with a confiderable force *,

2. AFTER making an opening in the breaft, |
and breaking four or five of the ribs, the
lungs continued for fome time to be alternate-
ly expanded and contrated +; iffuing out
at the wound always when the #borax col-
lapfed.

3. AFTER three ligatures were made up-
on the frachea of a dog, and the thorax was
opened, the alternate motions of the lungs
were obferved to go on very brifkly; but
they appeared to be dilated, and iffued out at
the wound 'when the cheft was contracted,
and vice verfa 1.

_ However difficult it may be thought, at
firft fight, to account for the appearances in
thefe experiments, yet it is eafy to fhew,
‘that the lungs cannot poffibly be endued
with a power of expanding themfelves, in-
'dependent of the dilatation of the zhorax,

U as
* Memoires 1739, edit. 8vo. p. 463. and 465.
+ Ibid. p. 464. and 463.
1 Ibid, p. 468.'



as Mr. Bremond feems to think, after Platerus,
Sennertus, and othets, who in this followed
the doérine of the Arabian phyficians.
As thelungsare compofed of aninfinitenum-~
ber of veficles and cellular interftices *, which |
are partly made up of elaftic contracile fibres,
’tis ‘ealy to perceive that when diftended with
air, they muft endeavour to reduce themfelves
to their former bulk; but, fuppofing the
veficles of the lungs empty and collapfed,
by what mechanifim can they expand them-
felves, or where are the antagonift mufcles
that can overcome the natural contraction of
their fibres ? All the hollow mufcles of ani-
mals are continually endeavouring to contrad,
nor can they be dilated by any mechanifm
of their own: thus the bladder of urine,
which may aptly enough be  compared to a
fingle veficle of the lungs, {pontaneoufly con-
tralts itfelf, when the urine is evacuated, and

would

154 - Of th Vitavr and

* The reader may eafily fee, that our reafoning here
is of equal force, whether the lungs are fuppofed ennﬁ

cellular; with Helvetius *, or partly veficular partl
lular, with Winflow 4. : / !

*bI:»If:mmres acad, des fciences 1718, ed:t. 8vo. p. 3{},
31, J¢

+ Anatomie, fect. ix. N° 105.106.107.
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would for ever remain in this ftate, were it
not dilated by the urine following anew into
it. In the fame manner the ftomach and in-
teftines, which are hollow mufcles, have no-
thing in their ftructure by which they can
expand themfelves: they are ever endea-
‘vouring to arrive at their leaft capacity, and
are only prevented by the aliment, air, and
other fluids contained in them. It follows,
therefore, that the pulmonary veficles and
cells, which are compofed of elaftic con-
tractile fibres, cannot pofiibly be dilated by
any power or action of their own.

But further, if Mr. Bremond’s experi«
ments prove any thing, the lungs have not
only a power of infpiring air by the #rachea;
but, although this fluid is denied its ufual
accefs by the ghttis, can expand themfelves
alternately, notwithftanding the preflure of
the atmofphere upon their external furface
refifting fuch expanfion ; which is not lefs
abfurd, than if one thould affirm, that a bladder
perfectly empty, with a tight ligature about
its neck, could, by its own proper power, fwell

and overcome the preflure of the external
air, |

Having
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HAavING fhewn that the lungs cannot pof-
fibly be endued with a power of expandmg
themfelves, it remains, that we now mqulre,
to what caufes their apparent motions, in
Bremond’s experiments, were owing.

%

]

F R e,

ad 'llh-n_‘.l'

.3{!

In the two firft experiments above men- .

tioned, when the cavity of the zhorax was
enlarged by the action of the infpiratory
mufcles, a {mall portion of air would be re-
ceived by the glottzs into the lungs of the
wounded fide : but as this could bear no great-
er proportion to the air entering by the wound,
than the aperture of the ghrtis did to this
opening, the ribs would at that time recede
from the lungs, which therefore would feem
to fubfide—~When the #horax collapfed, the
air contained betwixt the ribs and the fur-
face of the lungs efcaping by the wound,
the lungs would foon become contiguous to
the ribs, and even part of them would be
pufhed out at the opening, not only on ac-
count of the convulfive conftrition of the
thorax {queezing the lungs much more, than
in ordinary expiration, but partly from the
{mall quantity of air received by the glhttis
durmg the former infpiration, and not yet

wholly
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wholly expelled, which being rarified by the
heat of the lungs, muft confiderably increafe
their bulk.

THE apparent conftriction therefore of the
lungs, when the dogs endeavoured to in-
fpire, remarked by Bremond in his experi-
ments, is wholly to be afcribed to the enlarge-
ment of the thorax, which at this time rifes
from the anterior furface of the lungs;
while they following the diaphragm now
ftrongly drawn down towards the abdomen,
really recede from the flernum. And if, du-
ring expiration,.upon the ribs being depref-
fed, and the diaphragm being forcibly thruft
up into the cavity of the breaft, by the ftrong
convulfion of the abdominal mufcles, the
lungs really appeared to fwell, and fome
portion of them was even forced out at the
aperture made in the fhorax ; ; yet this ought
not to be attributed to an expanfion of the
lungs happening at this time, but rather to
the fubfiding of the ribs and the protrufion of
the diaphragm into the cheft, whofe cavity be-
ing therefore greatly diminithed, the lungs (in
{ome degree inflated) not only fill it, but being

prefled on all fides, are thruft out at the
wound,
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wound, where there is leaft refiftance, as foft -::
clay, leaven, or fuch like fubftances, when

ftrongly {queezed in the hand, are forced
through the interftices between the fingers.
Burt further, while the thorax is wounded
only on one fide, the lung of the other fide
continues to follow the motions of the cheft

as ufual, and to be alternately inflated with
air rufhing inta it by the glh##is*: when there-
fore, during expiration, the air is forcibly ex-

pelled out of this lung, although the greateft

fhare of it efcapes by the gh#tis, yet, fince

fluids prefs equally every way, fome part muft
enter the large branches of the frachea which
belong to the lung of the wounded fide, and

confequently dilate it; and this the more re-

markably, as the animal in howling con-
ftricts its ghttis more or lefs, and fo renders
" the egrefs of the air through it more diffi-
cult; hence, during expiration, this lung
will appear to fwell confiderably, and part
of 1t will be pufhed out at the opening in the
thorax, not only as its cavity is at this time
greatly leflened, but as the lung itfelf is re-
ally in fome degree inflated: ’tis plain how-

€vcer,
* Highmore difquifit, anatom. p. 188,
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ever, that even this inflation is owing to the
conftri&ion of the thorax forcing the air out
of the lung of the found fide.

Tuis is further confirmed by an obferva-
tion of Dr. Houfton, who tells us, that when
the dog howled, his lungs burft out at the
wound, but when he was filent, they retired
within the zborax *; and feems to be put be-
yond doubt, even by an experiment of Bre-
mond’s own making, in which although, after
making an opening into one fide of the #ho-
rax, and breaking three or four ribs, the lungs
were puthed out at the wound, every time the
breaft was contracted; yet, as foon as the an-
terior part of the thorax and flernum were
raifed, and both fides of the breaft thus laid
open, the lungs inftantly collapfed, and re-
mained fo without any motion, notwithftand-
ing the heart, ribs and diaphragm continued
their alternate motions for fome time +-.

Dr. Highmore, who {peaks of the number
- of 'his experiments made upon dogs, in or-
 der to fatisfy himfelf concerning the manner
~in which refpiration is performed, as having
almoft

* Philofophical Tranfa&ians abridged, vol. 9. p.141.
+ Memoires acad. des fciences 1739, edit. 8vo. p. 464,
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almoft threatened the entire deftrucion of |
that {pecies of animals, obferves, that when
both fides of the thorax had large wounds
made in them at once, the lungs always col-
lapfed *: nay there is not one of the many
experiments related by Bremond himfelf, in |
which the lungs were puthed out of the #ho-
rax, when both fides of it were opened. |
It muft be owned indeed, that, in two ex-
periments of Van Swieien, the lungs did not
collapfe, after both fides of the zhorax were |
perforated, but were protruded through the
apertures, during expiration+-. However, it |
is to be obferved, that the wounds feem to
have been but fmall; fince he afterwards adds, |
that when the opening in each fide of the #ho- |
rax parallel to the ribs, was half an inch or |
more in length, the animals quickly died. |
Further, while the animals lay quiet, the
lungs keptwithin the cavity of the breaft, and
were only thruft out of the wounds, when,
on account of pain, they made great efforts ;
and fince in ftraining, or any violent motion
of our mufcles, we always conftri&t the glof-
t75, and retain the infpired air in the thorax,
1t

= FENAERRE T2 ¥ R

* Difquifit. anatom. p.188.
+ Comment. in Boerbaav. apaor, p.271.
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it is more than probable, that the eruption of
the lungs through the wounds, in expira-
| tion, was owing to the air being retained in
| them while the thorax collapfed. Laftly, Van
Swieten obferved, that during infpiration the
orifices of the wourids became lefs patent, by
the ribs being drawn nearer one another, fo
that a lefs quantity of air would enter by them,
and a greater proportion by the gl##is: hence
the langs did not collapfe ; as always happen-
ed in Highmore's experiments, when very
large openings were made at the fame time in
both fides of the fhorax ; but when a hollow
tube, whofe aperture greatly exceeded that
of the glttss, was introduced into the wound
of each fide, the lungs inftantly fubfided;
refpiration ceafed, the voice failed, and the
dog feemed to die *. |

WitH regard to the phenomena, in expe=
riment 3d above mentioned, it ought to be
obferved, that the lungs in a natural ftate, e-
qually fill the cavity of the zborax in infpira-
tion and expiration ; if therefore we fuppofe
the lungs to have been in a middle ftate of
diftenfion, when Mr. Bremond made his liga«
| ek tures

# Commentar, in aphorifm. Boerbagv. tom. 1. p. 271,
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tures on the frachea, their bulk muft have
been confiderably lefs than the cavity of the
thorax when moft enlarged, but at the fame
time greater than this cavity when the cheft is
violently conftricted : fo that we ought not
to be furprifed, if, upon the elevation of the
ribs and depreffion of the diaphragm in infpi-
ration, the lungs appeared to fubfide, and no
longer filled the thorax, or if, upon the con-
ftriction of the breaft in expiration, theyfeem~
ed to fwell, and part of them was puthed out
at the wound.

BuT though we fuppofe the f7achea to have
been ‘tied during infpiration, yet fince Bre-
mond found, notwithftanding the ligatures,
that after the dog’s death, a {mall quantity
of air blown forcibly through the #raches paf-
fed into the lungs, it is not improbable that
the diaphragm and ribs firongly {queezing the
lungs in expiration, had forced out part of
the air contained in them through the wind-
pipe, fo as to have reduced them to a mode-
rate ftate of expanfion.

LasTry, if we fhould fuppofe the ligatures
to have been made even about the end of ex-
piration, yet the air remaining in the lungs,

being
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being rarified by their heat, would foon in-
creafe their bulk to fuch a degree, as that,
when the thorax was greatly conftricted, part
of them muft neceflarily be pufthed out at the
wound. Perhaps alfo, during the enlarge-
ment of the fborax, a fmall quantity of air
might, notwithftanding the ligatures, be re-
ceived by the #rachea into the lung of the found
fide, which, upon expiration, would be
chiefly pufhed into the lung of the wounded
fide, fince its egrefs by the glhitis would be
very difficult, on account of the conftriction
of the trachea.

TuAT the apparent motions of the lungs
in the above experiments of Bremond, were
in fa& chiefly owing to the motions of the
thorax, particularly to the alternate deprefiion
and afcent of the diaphragm, an experiment
related by this writer himfelf muft convince
us; for we are informed by him, that the ao-
domen of a living dog being laid open, and
a hole made in the flethy part of the dia-
phragm on the left fide, the lung of this fide
inftantly collapfed, and remained without a-
ny motion, although the #horax continued to

be alternately dilated and contrated for a con-
fiderable
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fiderable time *. Now, if the lur_sgs were
endued with a power of expanding and con-
tracting themfelves, why did the lung of that |

!

[
ks
=]
=~
¥

q

fide,” where the diaphragm was perforated,
immediately collapfe and ceafe to move? Be- |
fides, does not this experiment fhew, that |

the apparent motions of the lungs, and their

egrefs by the wounds, were chiefly owing to |

their 'being alternately pufhed up into the ca-
vity of the thorax, when the diaphragm was
relaxed ? 'That the afcent of this mufcle into
the cheft, by the convulfive contraction of the
abdominal mufcles, efpecially when the dogs
attempt to howl, contributes much more to
the apparent fwelling of the lungs and their

ifluing out of the thorax during expiration,

than the falling of the ribs, is evident from
another experiment of Bremond, who obfer-
ved thefe motions of the lungs to continue,
although, with hishands, he forcibly hinder-
ed the ribs of the wounded fide from moving,
and confequently from prefling the lungs al-
ternately .

Bremond

* Memoires acad. des fciences 1739, edit. 8vo. p. 471,
+ Ibid. p. 482.



other INVOLUNTARY MoTIiONS. 165

Bremond always obferved, that when the
ribs were elevated, the lungs appeared red,
‘but became paler when the cavityof the breaft
was diminifhed *. The lungs being no long-
er prefled while the fhorax was enlarged, ad-
mitted the blood from the right ventricle of
the heart more readily into all their veflels;
but being ftrongly comprefled by the afcent
of the diaphragm, and depreffion of the ribs,
this blood muift in part be expelled; when
of courfe they become paler.

WuAT has been faid above, may ferve alfo
to thew how far Mr. Herzffant is miftaken,
when, from fome experiments of a like na-
ture with thofe of Bremond, he concludes,
that the apparent alternate dilatation and con-
traction of the lungs in animals whofe #horax
is laid open, is owing {folely to the blood
pufthed into the pulmonary artery by the
right ventricle of the heart, which, by dila-
ting and unfolding all its branches and ra-
mifications, muft make the whole fubftance
of the lungs fwell, and caufe the air to
ruth into their veficles by the glrtis . —

If

* Memoires acad. {ciences 1439, edit, 8vo. p. 483.
+ Hiftoire acad. des fciences 1743, edit. 8vo. p. 103.
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If this account of the matter was juft, the
alternate f{welling and falling of the lungs
would be very inconfiderable, and ought to
correfpond with the contraction and dilatation |
of the heart ; which however is not the cafe.
Befides, it ought not to be obferved at all,
when the paffage of the air into the veficles
of the lungs is obftructed by ligatures made on |
the trachea, contrary to what happened in |
Bremond’s experiments. |

Tuus much being premifed, to thew that
the lungs have not properly any inherent
power by which they can alternately contra& |
and dilate themfelves, but that, in ordinary
and healthful refpiration, they always follow
the motions of the thorax, we proceed next
to inquire, by what power or mechanifm in-
{piration and expiration alternately fucceed
each other, or why the intercoftal mufcles
and diaphragm are contracted and relaxed by
turns, fo long as life remains.

Tue learned Boerbaave, in order to account
for the alternate motions of the thorax in re-
{piration, fuppofes, that, at the end of infpi-
ration, the blood is tran{mitted in fmaller
quantity to the left ventricle of the heart,

fince

L -.I-&m.n- et Ll JI.-‘J...!. e e e e e e e
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fince the pulmonary vefiels muft be confider-
ably comprefled by the lungs, which at that
time are diftended greatly with air: hence
he conceives, that not only lefs blood will be
diftributed to the intercoftal mufcles and dia-
phragm, but alfo that the influence of their
nerves muft be weakened ; as the fecretion of
the fpirits in the cerebellum muft be diminith-
‘ed, when a {maller quantity of blood is pufh-
ed into its veflels by the heart: the caufes,
therefore, which are {uppofed to contra the
infpiratory mufcles being weakened at the
end of infpiration, thefe mufcles will be o-
vercome by the natural refilition of the elaftic
cartilages of the ribs, together with the re-
"a&tion of the abdominal mufcles, &e¢. 7. e.
expiration muft neceflarily follow; but no
fooner does the blood, by the motion of the
lungs in expiration, flow in a more plentiful
ftream to the left ventricle of the heart, than
the caufes altuating the infpiratory mufcles
~ begin to be increafed ; whence thefe mufcles
~are contracted anew, 7.e. infpiration is pro-
~duced, to which, for the reafons above men-
i tioned, expiration muft neceflarily fucceed ;

and in this way the alternate motions of the
cheft
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cheft in refpiration are carried on througﬁ‘

the whole of life *.  This theory it muft be

owned is very ingenious, and has an air of

fimplicity which cannot fail to recommend it;

but if f{trictly inquired into, it will be found

altogether infufficient to account for the alter- |
nate motions of the thorax, or to anfwer the ‘

phenomena of refpiration. For,

1. IF at the end of infpiration the interco~

ftal mufcles and diaphragm were relaxed, on

account of the {fmaller quantity of blood and
{pirits then diftributed to them, why fhould
not the heart, which alfo receives its nerves

from the cercbellum, be affeCted in the {fame |
way ? If the {ecretion of vital {pirits were di-
minithed, on account of lefs blood’s flowing
from the lungs to the left ventricle of the ';

heart at the end of infpiration, how could the

pulfe be then equally ftrong as at the end of
expiration ? which however is the cafe, fo far

as our fenfe of feeling can determine.  But,
2. ALTHOUGH we fhould grant, that at the
end of infpiration the blood flows in a {maller
ftream to the left ventricle of the heart, yet
1t will by no means follow, that the cerebellum
cowall

* Boerbaave inftitut. med. § 619. & 620,
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will ceafe to fupply the vital organs with fpirits
fufficient for their alternate motions; fince
we know, that after both the carotid arteries
have been tied in a dog, the motions of the
heart and refpiration went on in the ordinary
way, while in the mean time the cerebrum
‘and cerebellum were deprived of more than
one half of the blood ufually beftowed upon
them *.

3. ArTER the lungs have been kept for
fome confiderable time in a collapfed ftate by
an effort of the will, the infpiratory mufcles
are no fooner left to themfelves, than imme-
diately they contralt, and caufe a new infpi-
ration ; which however could not poffibly
happen if Boerbaave’s theory was true, fince
in this cafe the blood muft flow with more
than ordinary difficuity through their vefiels,
and confequently the caufes actuating the in-

{piratory mufcles muft be greatly weakened .
Y Bur,

% Van Swieten comment, In Boerhaav. aphor. vol. r.
p. 266.

+ This argument muft conclude with the greater
force, fince even Bosrbaave himfelf allows, that the blood

pafles lefs freely through the lungs when they are mﬁag}[:ﬁ
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BuT, 4. The infufficiency of this account
of refpiration; is demonftrated beyond doubt, |
by the experiments of Highmore and Bremond,
who tell us, that, after both fides of the thorax
were laid open, the diaphragm and interco-
ftal mufcles continued their alternate contra-
&ions for a long time, although the lungs'
were collapfed and without motion *. Here
we find the motions of infpiration and expi-
ration continued in the zhorax, while the
lungs remained always in the fame ftate, and
when there was no caufe which could make the
blood flow alternately through the pulmonary
veflels with greater or lefs eafe, nor confe-
quently render the infpiratory mufcles alter-
nately paralytic, through a defect of blood
and {pirits. |

5.LasTLy,

than when they are inflated. ¢ Pulmone per aerem dif-
¢ tento, fanguini pulfo ex cordis dextro thalamo, latiora
¢ yafa arteriofa, & venofa, minus refiftunt ; tranfitum ex-
¢ pediunt; faciunt ut omnis ille rapiatur eo quam celer-
¢ rime ventriculum finiftrum verfus : collapfus idem vix
¢ per arteriam pulmonalem impleri poteft liquore impul-
« fo; inflatus per vafa aerifera, facile fanguiferorum im-
¢ pletionem patitur.”  Boerh. inftitut. med. § 200. N° 2,

* Highmore difquifit. anat. p. 185. & Memoires acad,
des fciences 1739, edit.8vo, p.464. 467. 468.
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5. LastLy, The different phaenomena of
refpiration, in the air-pump, difeafes of the
head, affbma, and in melancholy people, are
not to be accounted for from Boerbaave's theo-
1y, and are alone fufficient to overturn it : but
- of this more afterwards.
}' THE late ingenious Dr. Martine, aware of
the difficulties attending Boerbaave’s account
- of refpiration, has propofed the alternate
- compreflion of the phrenic nerves at the end
- of infpiration, as the caufe which, at that
time, renders the diaphragm paralytic, and
- confequently produces expiration : he feems
indeed to doubt, whether the alternate pref-
fure of the inflated lungs on the pofterior
- part of the pleura, can, at the end of infpira-
tion, intercept the influence of the nerves be~
longing to the intercoftal mufcles which ly
behind it: but as the phrenic nerves run be-
~tween the lungs and pericardium, and are only
~ covered by the thin mediaftinum, he thinks,
that, at the end of infpiration, when the
lungs are much diftended with rarified air,
~ thefe nerves muft undoubtedly fuffer fuch a
remarkable compreflion, as to render the
 mufcle to which they are diftributed paraly-
tic,
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tic*. But this account of the motions of
refpiration, however ingenious, will be found
ftill more defeGive and lefs fatisfaCtory than
Boerbaave’s, which we have already rejected.

1. Tais account of refpiration muft at beft
be allowed to be defective, as it does not in-
form us how the intercoftal mufcles come to
be alternately contratted, as well as the dia-~
phragm.———1It is by no means probable, that
the nerves of the intercoftal muicles can fuffer
any more compreflion than ufual at the end
of infpiration ; nor would it ferve the Dottor’s
purpofe to fuppofe they do, fince he feems to
agree with thofe who are of opinion, that the
two orders of intercoftal mufcles are antago-
nifts to one another, and confequently are
contracted at different times. ,

2. Since the Doftor allows, that during
infpiration the nerves become rather freer
from compreflion, why fhould not the dia-
phragm remain contracted, and confequently
the lungs continue in their moft expanded
ftate ¢ He fays indeed, that the infpired air,
rarified by the heat of the breaft, and not
finding an exit free or wide enough by the

- glottis,
# Medical Effays, vol, 1. art. 12,
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glottis, will at this time prefs more upon the
veficles and membranes of the lungs ; which
preflure muft be communicated to the phre-
nic nerves running along the pericardium, and
which are covered only by the mediaftinum.
Bur furely the rarefaction of the infpired
air at the end of infpiration, is not fo remark-
able or fudden, but that it can iffue faft e-
nough out by the aperture of the glttss, to
preferve it in equz/ibrio with the external air <
befides, as infpiration does not immediately
follow expiration, but after a fhort paufe,
ought not the air contained in the lungs at
the end of expiration to be rarified, and fo
produce the fame effedt, by its preflure upon
the veficles of the lungs and phrenic nerves,
as at the end of infpiration ? The Doltor, it
is true, feems to have been aware of this ; and
therefore fuppofes, that, at the end of expi-
ration, the contractile fibres and membranes
of the lungs, will, by their reaction, prevent
in fome meafure the inflating air from prei-
fing with its whole force on the phrenic
nerves. But will not this bold equally true
at the end of infpiration ? and will not the

elaftic fibres and membranes of the lungs re-
| act
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a&t with much greater force when they are
remarkably diftracted by infpiration, than
when they are confiderably relaxed at the
end of expiration? As the lungs, therefore,
both in expiration and infpiration, equally fill
the cavity of the thorax, the compreffion
which the phrenic nerves fuffer from them,
will be pretty much the fame at the end of
expiration, as in a ftate of full infpiration ;
and confequently the difference of this pref-
fure cannot account for the alternate motions
of the mufcle to which they belong.

3. Ir, at the end of infpiration, the phre~
nic nerves fuffered fuch comprefiion from
the inflated lungs, as to render the diaphragm
paralytic, how comes it to pafs, that, after a
full infpiration, we can, by an effort of the
will,  keep this mufcle for a confiderable time
in a ftrong ftate of contraétion, and thus
hinder expiration from following infpiration?

4. FurTHER, in one of Mr. Bremond’s ex-
periments, where the lungs remained colla- -
pfed and without motion, and confequently
where the phrenic nerves muft have been
expofed to an equable compreflion, the inter-
coftal muicles and diaphragm continued in al-

ternate
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ternate contraCtion and relaxation for above
a quarter of an hour *.

5. TuaT the motions of refpiration vary
according to the quantity or quality of the
blood thrown into the pulmonary artery, to
the free or difficult paffage it meets with in
the veflels of the lungs, and to the heat or
coldnefs, rarity or denfity of the ais, are cir-

cumftances of great truth and importance,
but utterly inexplicable upon this theory.

6. Lastiy, N°2.3.4.2and 5.0of the ar-
guments adduced in Set. 2. to thew that the
alternate motions of the heart cannot be ow-
ing to the compreflion of the nerves, are here
of equal, yea of greater force; for the foft
and {pungy lungs are much lefs capable, even
when inflated, of comprefling the nerves,
than the firmer arteries and auricles of the
heart.

THE various opinions of other writers, I
fhall not ftay to enumerate, much lefs under-
take to refute ; but proceed to give an account
of the motions of the #orax, which we hope
will tend equally to explain the appearances
obferved in refpiration, whether the lungs

and
* Memoires acad. des fciences 1739, p- 468,
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and other inftruments concerned in it, be i1
a natural or difeafed ftate.

1. DURING infpiration and expiration, the
blood finds an eafy paffage through the vef-
{els of the lungs, as by their alternate infla-
tion and contraction, it is prefled forward to
the left ventricle of the heart.  After infpi-
ration is completed, it begins to flow with
more difficulty ; and at the end of expiration
(if infpiration does not foon fucceed) its mo-
tion is ftill lefs free. After expiration, there-
fore, the blood, on account of its difficult
paflage through the pulmonaryveffels, is part-
ly accumulated in them, and, by diftracting
their fenfible fibres and membranes, acts 4s
a fimulus upon the pulmonic nerves, occa-
fioning an uneafy fenfe of fulnefs, ftoppage,
or fuffocation in the breaft, which is more or
lefs remarkable, according to the time during
which refpiration is ftopt, the capacity of the
pulmonary vefiels, and the quantity of blood
thrown into them by the rightventricle of the
heart.

THAT a_flimulus affe&ting the heart and ali-
mentary tube, fhould be the caufe of their al-
ternate
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ternate contractions, as we have thewn above,
Is no way improbable, the irritating caufe be-
ing applied immediately to the organ to be
moved ; but that the diaphragm and interco-
ftal mufcles fhould be brought into contracti-
on, bya flimulus ating upon the lungs, may
at firft appear fomewhat extraordinary, tho’,
upon further confideration, we may aflure
ourfelves of the certainty of the fa&, from
the ftrongeft and jufteft analogy.—Thus, for
example; if a few drops of water, or any o-
ther liquor, by an accident in f{wallowing,
fall into the #rachea the diaphragm and in-
tercoftal mufcles are inftantly called into a&ti-
on, and continue to be agitated with alter-
. nate contractions and relaxations, till the fti-
mulating caufe is removed.—Again, if a thin
- pituit fecerned in too great quantity, by the
veflels and glands of the dronchia, diftills up-
- on the veficles of the lungs, alternate con-
vulfions of the diaphragm, intercoftal and
abdominal mufcles, enfue; which are repeat-
ed over and over again, till the irritating caufe
~ is leflened or expelled.—In a true peripneu-
mony alfo, when, by reafon of an obftructi-
on in the pulmonary arteries, the blood pafies

£ 7 through
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through the lungs with great difficulty, a
thort cough is almoft a conftant fymptom.
Is it not therefore reafonable to infer, that a
lefs remarkable flimulus or uneafy fenfation
in the veflels of the lungs, will be followed
by gentler contractions of the infpiratory
muicles ?

ArTER expiration is finifhed, the blood
beginning to be accumulated in the lungs,
will, not only by its quantity diftracting their
veflels, but alfo by its heat, occafion an un-
eafy fenfation, that is, a&t upon thefe parts
as a flimulus *; in confequence of which the
diaphragm and intercoftal mufcles are con-
tracted, and infpiration is performed ; by which
the blood being not only cooled by the exter-
nal air, but its paflage alfo promoted towards

the

* The uneafy fenfation which arifes when breathing
js interrupted, may perhaps be partly owing to the want
of fomething neceflary to the continuance of life, which
the air communicates to the blood in the lungs. When
therefore in other places of this Effay, I fpeak of the /-
mulus of the blood in the lungs as the caufe of refpiration,
I defire it may be underftood, that I not only include the
difagreeable fenfation occafioned by the accumulation of
the blood in the pulmonary veflels, but alfo the uneafinefs
which may arife from its being deprived of air to refrige«
rate, and perhaps otherwife fit it for the purpofes of life.



other INVOLUNTARY MoTi0ONS, 179

the left ventricle of the heart, the ﬁim;;fu;
or uneafly {enfation ceafes: hence thefe mu-
{cles are relaxed; and confequently, by the
reaction of the cartilages of the ribs, and the
ftretched abdominal mufcles, &¢. the cavity
of the thorax is leflened, 7. e. expiration is per-
formed; which, on account of the difagree-
able fenfation which begins to be felt in the
lungs, is foon fucceeded by a new infpiration.
Although, in ordinary breathing, we are but
little fenfible of this uneafinefs, arifing from
the difficult paffage of the blood through the
lungs after expiration is finithed; yet if one
attends to it, and reftrains infpiration for fome
time, it becomes very perceptible : and as in
afthmatic patients, the laborious contractions
of the infpiratory mufcles are beyond all que-
ftion owing to an anxiety and fenfe of fuffo-
cation in the breaft ; fo it is highly reafonable
 to think, that in healthful people, the gentler
Simulus of the warm blood accumulated in the
pulmonary veflels, is the ordinary caufe of in-
{piration. |
FURTHER, a variety of pbenomena concur
to perfuade us, that the blood acting as a fii-

mulus on the veflels of the lungs, after expi-
ration,
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ration, is the caufe of the fucceeding contra-
&ion of the infpiratory mufcles. Thus we
obferve, that as the blood flows in greater or
lefs quantity through the lungs, infpiration
and expiration more quickly or flowly fucceed
each other: hence the quick breathing ob-
ferved in a {fmart fever, or upon violent ex-
ercife.—Though the quantity of blood flow-

ing through the lungs remains the fame, yet
if its heat and bulk be increafed, refpiration
becomes more frequent : hence in bagnios,
and in the warm fummer’s air, we breathe
oftener, than in our common rooms, and in
more temperate feafons. —Again, when any
obftruction happens in the pulmonary veffels,
which renders the paflage of the blood
through them more difficult than in health,
refpiration is more laborious and more fre-
quently repeated : hence the quick breathing
in peripneumonies, and other diforders con-
fequent upon the lungs being obftructed.—
If a portion of the lungs be rendered ufelefs,
or be wholly confumed by'an ulcer, the pa-
tient is {hort-breath’d and fubject to afthmatic
fits, upon the leaft fatigue, or upon any in-
, prcaff: of motion or rarefadtion in the blood.
| | ~ SINCE
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Since therefore it appears, that the mo-
tions of refpiration are always proportional to
the quantity of blood thrown into the pulmo-
nary vefiels, and its eafy tranfit through them,
this fluid ought undoubtedly to be efteemed
the caufe which excites, regulates and conti-
nues thefe motions; and fince refpiration is
more frequent and laborious, when a lefs
quantity of blood pafles with greater difficulty
through the lungs, than when a larger ftream
flows through their veflels with more eafe;
thefe increafed motions of the zborax cannot
be owing to the infpiratory muicles being
more plentifully fupplied with blood and {pi-
rits, but muft proceed from the frmulus or
uneafy {enfation accompanying the difficult
paflage of the blood through the pulmonary
veflels, or its ftagnation in them. And does
not this plainly thew, why blood-letting gives
more {peedy relief in fits of difficult breath-
ing, than any other remedy ?

2. Ir it be atked, how a flimulus or uneafy
fenfation in the lungs can aftet the infpira-
tory mufcles, with which they feem to have
no immediate connexion; I anfwer, It were

ealy
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eafy to afcribe this effett to the fympathy of
nerves, a phrafe indeed oftener ufed than well
underftood ! but as the pulmonic plexus has
no greater connexion or communication with
the phrenic nerves, and thofe which fupply
the intercoftal mufcles, than with the nerves
of the ftomach, guts, and other abdominal
vifcera, which are no way affeCted by the
gentle frmulus of the blood as it pafles through
the pulmonary veflels; I think we cannot
fairly afcribe. the motions of the infpiratory
mufcles to any {ympathy or connexion their
nerves have with thofe of the lungs. Fur-
ther, as the nerves of the infpiratory mufcles
and lungs, moft certainly do not terminate
precifely in the fame part of the brain, but
probably in places fomewhat diftant from each
other, any {ympathy that obtains between
them, as proceeding from one common ori-
gin, muft be owing to soMETHING equally
prefent in thefe feveral places, 7. e. to the mind
or fentient principle : for without fuppofing
_{ome percipient BEING in the brain, how can
an irritation of the extremities of the nerves,
taking their rife from one part of the brain,
occafion a more than ordinary derivation of

{] pirits
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{pirits into fuch nerves as have their origin
from a different part? If external objeéts a&
on the nerves only, by putting a ftop to the
equable progrefiion of their fluid, or by exci-
ting fome vibratory motions in them, how
can any of thefe occafion, not only a more co-
pious derivation of fpirits through the nerves
thus affected, but alfo through a variety of
other nerves with which they have no con-
nexion, and whofe rife is from a different
part of the brain? The fympathy, therefore,
or confent obferved between the nerves of va-
rious parts of the body, is not to be explained
mechanically, but ought to be afcribed to the
energy of that {entient BEING, which feems
in a peculiar manner to refide in the brain,
and, by means of the nerves, moves, actuates,
* and enlivens the whole machine.

Bur further, if the {fympathy obfervable
between different parts of the body, be wholly
owing to the connexion or communication of
their nerves, how comes the pupil to be con-
tratted by the action of light on the retina,
when the nerves of the zwea have not only no
communication with the optic nerve, but a-
rife from a pretty diftant part of the brain?

or,
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or, if there were fome general fympathy be<
tween the nerves, why fhould not the longi-
tudinal fibres of the zvea be contradted, as
well as the orbicular ones, and fo the con-
ftriction of the pupil be prevented ? If the
alternate contractions of the infpiratory mu-
fcles were owing merely to their receiving a
few nervous twigs from the intercoftals,
which furnith the plexus pulmonicus, why is
not the heart and alimentary tube equally af-
fected with them, by a fimulus or uneafy fen=
{ation in the lungs? why are not the inter=
coftal mu'cles as much convulfed in vomiting
as the diaphragm and abdominal mufcles ?
and why, upon an irritation of the membrane
of the nofe and #rachea, are not the abdo-
minal mufcles contracted, till the infpiratory
mufcles begin to be relaxed? Thefe quefti-
ons will {carce be anfwered fatisfactorily, up-
on any {cheme of {ympathy depending whol-
ly on the communication or connexion of
nerves ; but have no difficulty in them, if the
motions now mentioned be referred to the
mind or fentient principle.

WikN, therefore, in confequence of a dif-
agreeable fenfation in the lungs, arifing from

the
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the difficult pafiage of the blood through their
veflels foon after expiration is finifhed, the
- infpiratory mufcles are contratted’; we are
not to afcribe this to any unknown f}rmpathy
acting mechanically upon thefe mufcles or
their nerves; but to the MIND of fentient
principle, which being aftected by the un-
eafy perception in the lungs, is thereby ex:
cited to determine the influence of the nerves
more copioufly into the intercoftal mufcles
and diaphragm ; by which the cavity of the
thorax being enlarged, and the lungs inflated
with frefh air, the difagreeable fenfation in
them is removed ; and confequently the ex-
traordinary derivation of the nervous influence
into the infpiratory mufcles ceafés : hence,
by the renitency of the elaftic cartilages of the
ribs, abdominal mufcles, &e¢. the cavity of the
thorex is leflened ; 7. e. infpiration is naturally
followed by expiration ; which again muft
foon be fucceeded by a new infpiration, on
account of the particular fenfation which be-
gins to drife in the lungs.

‘3. Tt does not appear, that any effort of
the mind or fentient principle is neceflary to
% a4 exXpira«
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expiration ; - for this naturally takes place as
foon as the mufcles of infpiration ceafe to act.
The renitency of the cartilages of the ribs
and ftretched pericardium and peritoneum, are
wholly owing to the elafticity of the parts,
and not to any mufcular contraction or addi-
tional force communicated to them at this
time; - nay, the reaction of the abdominal
mufcles in expiration, feems to be pretty
much of the fame kind ; although it is not
improbable, that the extenfion of their
fibres, by the deprefiion of the diaphragm in
in{piration, may, as a very gentle fimulus; ex-
cite ‘in them a true mudcular contraction *,,
However, this irritation prompting the abdo-
minal mufcles to contract at the end of infpi-
ration, muft be very inconfiderable, and in no
way like the convulfive motions induced on
other mufcles by a fimulus ; fince, when they
are greatly ftretched by a very full infpiration,
we don’t find any difficulty in preventing their
contraction, or in-moderating it as we pleafe ;
while,

% The fame thing may be faid of the fternocoftal mufcles,

which are generally thought to pull the fersum and carti-
lages of the ribs downwards and backwards in expiration,

but which feem fcarcely, if at ally to act in ordinary and
gentle expiration,
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while, on the contrary, in vomiting their mo-

tions are altogether convulfive and involunta-

ry. Further, the thorax of dead animals be-

ing in a full ftate of expiration, fhews that

this is brought about, after all mufcular action

ceafes, by the mere elaftic force of the parts.

Nor is it any obje¢tion here, that when air is -
blown into the thorax of a dead body, expi-

ration is performed more {lowly than in a li-

ving one; becaufe, by the cold and total

{tagnation of the fluids, the parts not only

become more rigid, and the articulations of
the ribs lefs moveable, but the inftruments of
expiration lofe, ina good meafure, their ela-

ftic power. ,

Lastry, the phanomena obfervable in co-
matous patients, and which we fhall hereafter
take notice of, fhew, that whereas infpiration
is owing to the energy of the fentient prin-
ciple, and is here, therefore, in a manner in-
terrupted, expiration is performed as ufual ;
which could not happen, if, like infpiration,
it proceeded from the mind, or from any
particular fenfation directing it to put certain
mufcles in action ; for in that cafe there ought
to be a paufe at the end of infpiration, as well

as
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as at the end of expiration. Upon the whole
then, we may conclude. that expiration natu-
rally enfues as foon as ever the infpiratory mu-
fcles ceafe to act, chiefly by virtue of the ela-
fticity of the diftracted parts, and fcarcely at
all by the power of any mufcular contracti-
on: % nod .

HeRre we may ob{'ervc a rcmarkable ana-
logy betwixt the motions of the pupil, and
of the thorax in refpiration. The coarctation
of the pupil, when light is admitted into the
eye, is owing to the mufcular contraction of
the circular fibres of the awvea, in which,
therefore, it feems to correfpnnd with mfpl«-
ration ; but its relaxation when the ﬁrmsdm
of light ceafes, is produced merely by the
natural contraction of the longitudinal fibres
of this membrane, and confequently in this
it refembles expiration,

4 Ir it be demanded, why, after the lungs,
by an effort of the will, have been kept for
fome

* What is faid here, is only meant of ordinary and

gentle expiration, which is performed without confciouf- .

nefs, or the affiftance of any of thofe mufcles which a&t in
wmlent expwatmn A
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fome time in a ftate of full infpiration, the
infpiratory mufcles are immediately relaxed,
when this effort ceafes, and not rather conti-
nued in a ftate of contraction, feeing there
1s an uneafy fenfation in the lungs, equal to
what happens after expiration ; the an{fwer is,
that the difagreeable {enfation is of a different
kind, and which, the keeping the lungs in
a ftate of infpiration, would tend rather to in-
creafe than remove: for fuch is the conftitu-
tion of our frame, and the law of that won-
derful union connecting the foul and body,
that the former, upon any uneafy percepti-
on, produces fuch motions and changes in the
latter, as naturally and moft effectualy tend
to leflen it, or expel the irritating caufe. —
Thus the uneafy fenfation arifing from the
action of light upon the tender 7eina, is not
followed by a contraction of the longitudinal
fibres of the wwvea, becaufe this would not
have the effect of diminithing, but of adding
to the difagreeable perception. For the fame
reafon, the mind, in confequence of a /fimu-
[us or uneafy feeling in the lungs, determines
the influence of the nerves into the interco-
ftal mufcles and diaphragm, and not into the

mudfcles
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mufcles of the abdomen, back, or loins. But
further, the continuing the infpiratory mu-
{cles for any time in a ftate of full contraction,
never fails to give fome degree of uneafinefs;
{o that it is no wonder, if they be relaxed as
foon as the effort of the will ceafes.

5. SuppEN furprize, ‘or any thing that will
‘but for a few moments ftrongly fix the atten-
tion of the mind, prevents the hiccup, if it
be from a weaker caufe.—Sneezing is ftiffled
in the beginning, whenever an attempt to
perform it raifes an acute pain in any part of
the body; as frequently happens in rheuma-
tifms affeCting the mufcles of the back or
‘thorax. In thefe cafes, the mind, being more
ftrongly affected by fomething elfe, becomes
in a great meafure infenfible of the irritation*;
wherefore no violent or convulfive motion en-
{ues.—In the fame manner, if there be only
a gentle irritation in the #rwches, any thing
that renders the mind lefs fenfible of this, will
prevent coughing. Henece in time of eating

a

* How a ftronger fenfation fhould deftroy, or render the

mind infenfible of a weaker one, is a queftion attended

with fome difficulty ; concerning which fee below Se&. xi,
anfwer to objection 2.



other INVOLUNTARY MoTions, 191

a tickling cough generally ceafes, or is lefs
frequent; for not only the chewing and fwal-
lowing of the food engage the attention of
the mind at that time, but the motions of the
larynx in deglutition have almoft the fame
effe&t in leflening the fenfe of irritation in the
irachea, as friction has in diminithing a {mall
degree of pain, oritching, inany part of the
body. As therefore the convulfive motions
of coughing, fneezing and the hiccup, are un-
doubtedly owing to an uneafy fenfation affe&t-
ing the mind, may we not juftly conclude,
that the gentler fimulus of the blood, in the
veflels of the lungs, becomes, through the
intervention of the mind or {entient principle,
the caufe of the lefs violent motions of the
infpiratory mufcles?

6. Turis however will ftill further appear,
from confidering the phenomena of refpirati-
on in fome morbid cafes, and in animals pla-
ced in a receiver partly exhaufted of air.

« In acute difeafes, where the head 1s much
affected, a remarkable alteration often hap-
pens in the breathing: expiration indeed {uc-

ceeds infpiration in the ufual way; but fome-
times,
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times, after expirdtion is finithed, there is 2
long paufe before a new infpiration is begun.
In a patient; whofe brain was affected from
an 7fchuria, 1 obferved this ifiterval between
the end of one expirationi; and the beginning
of a fubfequent infpirationi; to be many times
from feven to ten feconds: but ina young
Lady, who died apoplectic, infpiration fome-
times did not fucceed the expiration, till after
1 had counted 20, 105 405 ‘or even miore beats
of my pulfe, which did not vibrate above 7§
times in a minute. This phenomenon, which
is eafily explained, upon the principles we
have laid down, is altogether inconfiftent
with every mechanical account of refpiration
that has hitherto appeared, or indeed withe
any, we prefume, which may pofiibly be de=
vifed hereafter.

In thefe cafes, the brain, and common fen<
fory, being greatly affected, the mind or fen+
tient principic muft have been much lefs
fenfible than it ufually is of any impreffion,
irritation or flimulus afteCting the nerves.
Hence after expiration which, from the refi-
lition of the cartilages of the ribs, &¢. natu-
rally, and without the intervention of the

mind
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~ inind fucceeds infpiration, a long paufe inter-
venes before a new infpiration comes on ; be=
caufe the mind is not roufed up to exert her

mfluence, till the uneafinels and fenfe of {uf-
~ focation in the breaft becomes fo confiderable,
as to awake her, as it were, out of a profound
fleep. Let any one, after expiration is finith-
ed, keep his #horax in that ftate for half a mi-
nute or more; and he’ll feel, before that time
is elapfed, fuch an uneafinefs in his breaft, as
will beget in him the ftrongeft defire of dila-
ting the lungs, and taking in frefh air.

IT is plain, that, after fuch a ftop, if Boer-
baave’s theory were true, infpiration never
could fucceed, becaufe it muft neceffarily oc~
cafion a much greater obftruction to the mo-
tion of the blood through the lungs, than can
ever happen at the end of infpiration, and
confequently render the infpiratory mufcles
altogether unable to overcome their antago-
nifts, and dilate the #horax.— If refpiration
were owing to.the. alternate compreffion of
the phrenic nerves, would not thefe nerves,
on account of the blood accumulated in the
veflels of the:lungs, be more comprefled 20

or 30 feconds after expiration, than juft when
B b it
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it was finithed, and confequently be rendered
then more incapable to actuate the infpiratory
mufcles ? |
g Burt the truth of what we have been
contending for, will ftill further appear from
the following hiftory. A child of five years
of age, having, at 7 o’ clock in the evening,
fwallowed, by miftake, about a dram and 2
half of liquid leudanum, foon became merry,
and laughed, then delirious, and in half an
hour was feized with a fleepinefs and fupor ;
at 10 her breathing was high, with a {noring
noife, her pulfe full and equal, though flow ;
the could not be fully awaked, but looked
up 2 little, and feemed to be fenfible of pain,
when feverely pinched : about 11 her face
became pale, her eyes fixed and glazed, and
her breathing would often gradually decreafe,
and at laft ftop, for near a minute; then it
began again with a very deep infpiration and
fighing. At firft when the breathing began
to be thus interrupted, the intervals were
fhorter, but became gradually longer till the
patient died. While the motions of refpira-
tion were decreafing, the pulfe was fmaller ;
and when they were altogether ftopt, it was

very
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very weak and flow, but equable and without
| intermiffions: when refpiration began to be
renewed, the pulfe recovered its ftrength, and
became lefs flow.

THE interrupted breathing is eafily ac-
counted for, from the fupor and infenfibility
which gpium never fails to occafion when ta-
ken in too great quantity ; and the intervals
- becoming gradually longer, could be only ow-
ing to the fenfes being more and more lock’d
up- by the further action of the laudanum, till
at laft, the mind becoming altogether infen-
fible of the flimulus or {uffocation in the
_lungs, a final ftop enfued.—Further, it is e-
vident, from the.remarkable weaknefs and
flownefs of the pulfe while refpiration was
fufpended, that its recommencement could
not be owing to any mere mechanical caufe ;
for the f{ecretion of {pirits, and every function
of the body depending on the general circu-
lation of the fluids, muft have been more lan-
cuid immediately before the renewal of refpi-
ration, than when it began to ceafe. It
would be vain to pretend to account for the
phanomensn now mentioned from any com-

preflion of nerves, or alternate ofcillations of
ad
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a highly elaftic fluid in the fibres of the in-
{piratory mufcles ; for when the heart itfelf

was finking, and all motion in the body rea-
dy to ceafe, every mechanical power that can
poflibly .be imagined to excite refpiration,
muft have been lefs able to renew this mo-
tion, than it was a little before to have con-
tinued it.— Laftly, fince the pulfe was at all
times {low, and in the intervals of refpiration,
not only weaker than ufual, but alfo more
remarkably flow, it appears that the heart
was in {fome meafure rendered lefs obedient
to the flzmulus ufually affeGting it *. Nor is
this furprifing ; fince, from live difieCtions,
we know, that a large dofe of opium almoft
entirely fufpends the periftaltic motion of the
ftomach and guts 4. The heart feems to
be endued with a much greater degree of fen-
fibility than the lungs; and this perhaps may
be the reafon, why its motion was lefs re-
markably difturbed by the fupor occafioned
by the laudanum, than that of re{piration,
which, befides, is performed by mufcleswhofe

fibres
* See below Se&. xiii. N° 24. & 2. '

+ Kaau impet, faciens, N° 434, & 435.
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fibres or membranes have no ffimulus immedi-
ately applied to them.

v In the Edinburgh Medical Efjays, wol. V.,
art. 55. we are told, that, after blowing into
the lungs of a man, who had been dead to
all appearancé for above half an hour, the
thorax, which was by this means elevated a
little, continued alternately to rife and fall,
gradually acquiring greater degrees of motion,
till at laft refpiration came to be as fully per-
formed as in healthful people.  Could this be
owing to any mere mechanical powers in the
body? No, furely. A machine adjufted ac-
cording to the moft exquifite rules of art, tho’
it might for fome time have preferved the mo-
tion communicated to it, could never of itfelf
have generated a greater motion! In order
therefore to account for the renewal of refpi-
ration in this cafe, we muft have recourfe to
the energy of the SENTIENT PRINCIPLE, €X-
erted here in confequence of the motion im-
parted to the fluids in the lungs, by their firft
inflation.

¢ TuougHTFUL melancholy people, whofe
minds are greatly taken up with, and ftrong-
ly attached to certain obje@s, being hence lefs

affected
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affeGted by the fimulus or flighter uneafinefs
which begins to be felt in the lungs, after ex-
piration is ended, ufually perform refpirati-
on more {lowly, and after longer intervals,
- than thofe who are in perfect health; bywhich
means, the blood pafling lefs freely through
the pulmonary veflels, and being partly accu-
mulated in them, a fenfe of weight and fuf-
focation arifes, which more powerfully affects
the mind, obliging them often to draw ina
more than ordinary quantity of air, and occa-

fioning what is ufually called a deep figh.
¢ By what mechanifm can it be, that in
the half-exhaufted receiver of an air-pump,
animals breathe quicker and higher? Certain-
Iy, upon Boerbaave’s principles, the motions
of refpiration ought not to be redoubled in
" this cafe, fince the blood flows with greater
difficulty through the lungs. And if, accor-
ding to Swammerdam and Pitcairn, the alter-
nate motions of the thorax were owing to the
mnfpiratory muicles having no antagonifts, how
could this be altered by the air’s being render-
ed lighter, or in what pofiible way could this
or the ftagnation of the blood in the lungs,
make thefe mufcles repeat their contractions
more
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more ftrongly and frequently ? But it is evi-
dent, that,"upon the fcheme we haveadvanced,
~ in proportion as the air in the receiver is ex-
haufted, and refpiration becomes more diffi-
cult, the mind muft redouble its efforts, in
order to dilate the lungs more fully, and to
get rid, if poflible, of that anxiety, or fenfe
of fuffocation, which ever accompanies the
ftagnation of the blood in the pulmonary vef-
{els, or its difficult paffage through them.

¢ Lastry, upon what bypothefis, founded
wholly in the received properties of bodies
and the laws of motion, can it be thewn, that
the frequency and fulnefs, flownefs and {mal-
nefs of refpiration fhould, in healthy people,
conftantly be in proportion to the heat and
cold, rarity and denfity of the air?

7. RespiraTION differs from moft of the
other fpontaneous motions, in that the will
has an abfolute power over it: thus we can
at pleafure accelerate, retard, or put an entire
ftop, for a confiderable time, to the motions
of the intercoftal muicles and diaphragm: nor
1s this power of the will over thefe mufcles
owing (as Boerbaave thinks *) to the mind’s

| pre-
¥ Inftitut. med, N°624.
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preventing their alternate contraction, by g
means of the ftronger voluntary mufcles,
which are employed in laborious refpiration;
for any one, by trying the experiment, may
quickly fatisfy himfelf, that, without the af-
fiftance of any other mufcle, he can, when
he pleafes, contract the diaphragm with dif-
ferent degrees of force, or hinder its motion
altogether.—But though refpiration thus. dif-
fers from the proper involuntary motions, yet
it does not perfectly agree with the voluntary,
fince it is regularly performed in time of fleep;
and when we are not confcious of it.

« Tue motions of the intercoftal mufcles
and diaphragm are not, like thofe of the heart
and guts, independent on the will;, becaufe
the flimulus exciting their ation is appliqed to
a diftant part, and not to the organs moved ;
and while fuch fimulus is gentle, and the
part affected by it not very fenfible, as is plain~
ly the cafe of the lungs, the contraction of the
mufcles that iswont naturallyto followit, may
be prevented by the interpofition of the will;
'but if the fimulus and unealy fenfation be
greatly increafed, the ufual motions enfue, in
{pite of any.determination of the will to the

contrary.
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tontrary. ‘Thus, when the membrane of the
trachea is only {lightly irritated, we can re-
ftrain coughing; but when it is more {trong-
ly affeCted, all endeavours to hinder it are in
vain.—When an ordinary fimulus to go to
ftool or make urine urges, though the dia-
phragm and abdominal mufcles be, as it were,
{pontaneoufly contracted; yet we can reftrain
their motions if we pleafe; but in a violent
tenefmus or ftrangutry, they are convulfively
contracted, notwithftanding any effort of the
will to the contrary.—In like manner, the
Slimulus exciting the ordinary motions of the
infpiratory mufcles is fo gentle, that we can
at pleafure prevent their taking place ; but in
fevere afthmatic fits, where the uneafy fens
fation is vaftly increafed, the will begins to
lofe its power of reftraining them; nay, even
fome of the voluntary mufcles, at this time,
are forced into aGtion for their affiftance: and
“if, in fuch cafes, the will can at all ftop the
motions of the infpiratory mufcles, it is not
fo much by its immediate power over them,
as by means of the ftronger mufcles employ-=

ed in voluntary refpiration.
Ceé | &y
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.

IT muft indeed be acknowledged, that al=

though the contraction of the orbicular mu-
fcles of the wvea be not owing to any fimu-
/us immediately applied to them, but to one
a&ing upon a diftant part, yet it is altogether
independent on the will; and in this differs
from refpiration, and from the motion of the

mufcles empluyf:d n coughing, and in void-

ing the urine and fwces. Perhaps the reafon
of this difference may be, that the action of
light upon the very fenfible ret/na affeéts the
mind fo ftrongly, that we cannot, by any pnwér
of the will, prevent the contraction of the
pupil: further, it is not impoffible that the
will, merely through difufe, may have loft
its power of reftraining the motions of the
mufcular fibres of the zwvea, even when the

- flimulus is ever {o gentle *,

BuT whatever may be the efficient caufe,
which thus fubjects refpiration to the govern-
ment of the will; the final caufe of this dif-
ference between 1t and the other vital motions

N s pretty evident: for were it not that the mo-

tions of the mufcles employed in refpiration
may be varied at pleafure, we fhould not on-

ly
#* See above, Seét. 1, N¢ 18,



other INVOLUNTARY Morions, 203

Iy be'unable to evacuate the urine and feeces,
but muft have been deprived of the happinefs
and advantage of communicating our thoughts
to one another in the way of {peech.
¢ Ir it fhall be objected againft the mind
or fentient principle’s being the caufe of refpi-
ration, that it obtains at all times, and is kept
up when we are afleep, and not confcious of it ;
it maybe a fufficient anfwer, to obferve, thata
variety of aCtions are performed by the influ-
ence of the mind, without our adverting to
them in the leaft. To give but one inftance:
The eye-lids never ceafe, after fhort intervals,
to move, whether we be fenfible of this or
not, nay frequently, aswhen anything threat-
ens the eye or touches the cornea, they move
whether we will or no; and yet thefe their
motions are undoubtedly owing to the mind.
Why, therefore, may not refpiration be carried
on much in the fame manner, without our at-
tending to it; efpecially fince we have thewn
that there is a material caufe in the lungs, in-
fluencing the mind to continue this action ?
In time of fleep, don’t we often {wallow
the {pittle, talk, move our limbs, and entire-
ly change the pofture of qur bodies? Nay,
{fome
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fome perfons get out of their beds, and tra-

verfe about from one room to another. Here,

then, are aGions certainly performed in fleep,
which, neverthelefs, muft neceflarily be afcri-
bed to the action of the mind.—Further, in
cafes where breathing is difficult, when the
patients are no way confcious of it, nay even
in time of fleep, refpiration feems to be per=

o
s i L“.ﬂﬂ

ak
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formed, partly by the affiftance of other mu-

{cles befides the proper infpiratoryones, 7.e.by
mufcles which commonly are not employed
gxcept in voluntary motion, and whofe action,

therefore, in fuch extraordinary cafes, muft

be attributed to the mind alone, On what
pretence of reafon then can it be urged, that
the motions of the diaphragm and intercoftal
mufcles, fince they continue to be performed
while we are afleep, are in no way owing ta
the mind ?—Let a child, when aflecp and
breathing foftly, have a thick cloth laid over
its face ; 1immediately it will begin to breathe
deeper and quicker, and will go on to refpire
in this manner, till, the cloth being removed,
the cool air is admitted into the lungs. This
pndoubtedly muft arife from the uneafinefs

which
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which the mind feels from the difficult paf-
fage of the blood through the lungs, and the
~want of proper air ; in order to get rid of which
inconveniencies,* it maves the thorax with un-
common force and frequency, whence a great-
er quantity of air is infpired, and the lungs are
more widely dilated.—In an affbma, does not
the fenfe of fuffocation excite the mind to re-
double the motions of the infpiratory mufcles,
and are we not fenfible of this when awake ?
In {leep, when we are lefs confcious of this
uneafine(s, does not the mind perfevere in ex-
erting its influence in the fame manner up-
on thefe mufcles? A ftrong argument this,
that the mind, as a fentient principle, is often
affeGed by what pafles in the body, and is, in
confequence of this, excited into action, when,
in the mean time, we don’t advert to any fuch
thing, |

»E CP.
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ool T . 1X,
Of the besinning of refpiration in animals.

A S it would be altogether unneceffary to

prove, that the fatus cannot poflibly
perform the altions of refpiration, when it
is in the womb, and inclofed in its membranes;
{0 I fhall take it for granted that animals don’t
begin to breathe, till the external air has ac-
cefs to them, at the time of birth; though I
find, not indeed without furprize, fome of
the moderns going into the contrary opi-
nion *,

I'T may perhaps have the appearance of pre-
fumption, if I undertake the folution of a
problem, which fome of the greateft Phyfio-
logifts have attempted in vain: however, I
can’t help thinking it full as eafy to account
for the firft commencement of refpiration, as
for its continuance when ance begun; and
that both are owing to the fame caufe, name-
ly, to an uneafy fenfation in the lungs.

~ Our

* Magzmu opera tom, 3,
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Our bodies, framed, as theyare, with the
moft exquifite {kill, would foon perifh if de-
prived of the benefits of food and air. The
former of thefe, muft be fupplied at fhort
intervals, but the latter can hardly be want-
ed for a moment. The fartus, while in the
womb, ftands not in need either of the one
or the other ; the mother’s juices, tranfmitted
to it through the veflels of the placenta, fup~
plying the want of aliment; and the pecu-
liar circumftances of its heart making the al-
ternate motion of refpiration, which is requi-
fite for carrying on the circulation of the
blood in animals after birth, unneceflary here;
while the mother’s fluids, having fuftained the
action of the air in her lungs, are duely fit-
ted for all the purpofes of the fartus, with-
out any refpiration of its own. The neceffi-
ty, therefore, of air and aliment commences
with our birth ; and as we are excited to take
in meat and drink by the uneafy fenfations of
hunger and thirft, which, as faithful moni-
tors, never fail to warn us when thefe are
wanted, but immediately ceafe upon the ap-
petite’s being fatisfied; fo, to prevent our
being in danger of perifhing through the want

of
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of frefh air, there arifes, unlefs the action of
breathing be continually repeated, and new fup=
plies of freth air thus brought into the lungs,
an uneafy fenfation, which may not impro-
perly be termed the ApPETITE of breathing:

Ir then an appetite for frefh air be as natural
to animals after birth, as a defire of aliment ;
and if no one ever yet thought of accounting
either for the fenfations of hunger and thirft,
or for the taking of food confequent upon
them, merely from the mechanical conftru=
&ion of the ftomach, gulletand fauces, with« -
out having recourfe to a fentient principle; is
it not highly unhreafonable and unphilofophi-
~ cal to attempt to explain the action of refpi-
ration from principles purely mechanical, and
to deny the perception and operation of a fen-
tient a&tive principle to be the caufe which at
firft begins, and ever after continues it? This
analogy is too ftrong not to firike every un-
prejudiced mind ! |

But it may be here afked, in the way of
objection, why, if the fetus, during its con=
finement in the womb, has an inclination td
breathe, is not the liguor amnii, like the air
after birth, received into its lungs, and expel-

led
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led alternately *: The anfwer to which is;

1. TuAT had the fwfus in utero ever fo
ftrong a defire to perform the action of refpi-
ration; it coild not admit the lguor amnii in-
to its lungs; partly on account of water be-
ing a fluid altogether improper for the purpo-
{es of refpiration, but more efpecially becaufe;

whenever it {o much as touches the top of
the Jlarynx, the glttis is {o conftri¢ted, by

the convulfive contraction of its mufcles, that
fcarcely can even one drop pafs into the lungs.
This appears evidently from the obfervation,
that thofe animals, which have been immerfed
and kept under water, don’t admit any of
this fluid at all into their lungs, much lefs fuch
a portion of it as might properly be efteemed
the caufe of their deaths 4. If, therefore,
a fmall quantity of water has at any time
been found in the lungs of drowned ani-

Dd mals,

% Dr. Martine has propofed it as a problem, why the
feetus in time of geftation never dilates its thorax, nor
at any time before birth performs, however flowly, the
motions of infpiration and expiration fucceffively. Me-

dical Effays, vol. 1. art. xii.
+ Hiftoire academic des {ciences 1719, edit. 8vo. p. 32
& 1725, p.16,
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mals, we are not to fuppofe it made its way
thither while they were alive, but only after ]
. their death, when, the mufcles of the glottis
lofing their power of contraction and beco-
. ming flaccid, its fides recede from each o-
ther.

Tue different cravings or appetites have fe=
verally their correfponding objetts : frefh air,
on account of its cooling quality and perhaps
vital principle, and becaufe it equably and
gently dilates the lungs, and thus promotes
the circulation of the blood through their vef-
fels, is as well adapted to fatisfy the appetite of
‘breathing, as thin cooling drink to quench
thirft; whereas water would be altogether as
improper for the purpofes of refpiration, as
dry bread for diluting our fluids, or fatistying
the cravings of a thirfty animal. Hence as
food has the higheft relith to a hungry per-
fon, fo, to one half {fuffocated for want of air,
nothing is more refrething or more greedily
taken in than this fluid.

- SINCE, therefore, it appears from what has
been faid, that water is wholly unfit for an-
{wering the appetite of breathing, and that
animals which have been long accuftomed to

relpiration,
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re{piration, never {fo muchas attempt, when
under water, to draw it into their lungs; it
follows, that the featusin utero, even fuppo-
fing (what feems not however to be the cafe)
it had the fame appetite of breathing with a-
nimals after birth, could not receive the li-
quor of the amnios into its lungs, and expel
it thence alternately. Thus we fee how eafy
a folution Dr. Martine's problem admits of ;
and that, for this purpofe, it is quite unnecef-
fary to have recourfe to any imaginary com-
preflion of - the phrenic nerves. But,

2. It {eems probable that either the appe-
tite of breathing does not take place in_farufes
till birth, or that then it becomes much
ftronger ; for,

« THE uneafy fituation of the fafus, When
the birth is juft at hand, and its various mo-
tions and ftruggles in confequence of this un-
eafinefs, muft remarkably quicken the circu-
lation of the blood through itsveflels; whence
the lungs will not only receive a larger fhare
of fluids in a given time than formerly, but
the blood pafling in greater quantity than u-
{ual from the left ventricle of the heart into

the
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the aorfa, and making therefore a ftronger
refiftance to the paffage of this fluid through
the ductus arteriofus, it muft now be more
copioufly determined into the pulmonary
artery, from whofe beginning this duct arifes.
But if the blood be thus pufhed in greater
ftreams into the veflels of the lungs at, and
even fomewhat earlier than the time of birth,
muft there not hence enfue a greater degree
of heat, and fulnefs, a more active fimulus
and uneafinefs in thefe veflels; or, in other
words, muft not the appetite of breathing be
hence neceffarily increafed? After birth, when
the f@rus remains for fome time inclofed in its
fecundines before it is allowed to breathe, this
increafed motion of its blood may well be fup-~
pofed to be much abated ; however the cold,
which it is now much more expofed to than
formerly, by conftringing the placentary and
cutaneous veflels, muit accelerate the return
of their blood to the right ventricle of the
heart, and, by this means, increafe the force
of the circulation in the interior parts of the
body.
£ It is not improbable, that the air, befides
its acting as a cool elaftic fluid upon the blood
contained
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contained in the lungs, may alfo communi-
cate to it fomething more immediately necef-
fary for preferving the flame of life.—So long
as the fatus remains in the womb, its fluids
are fupplied with this vivifying quality of the
air, by their having {uftained the a&ion of
its mother’s lungs ; but at the time of birth,
when the communication lately kept up, by
means of the umbilical veflels, between the
mother and child, is at an end, may not the
defect of this pabulum vite (if 1 may be al-
lowed the expreffion) which the air is fup-
pofed to convey, and which was wont to be
tranfmitted to the farus along with the mo-
ther’s juices, produce fome fort of uneafi-
nefs, not hitherto perceived, which fhall be-
getr, or at leaft enhance, the defire of refpi-
ration? What is here offered by way of con-
jecture, is rendered highly probable by the
following obfervation; namely, that when
the wterus of a living bitch is laid open, the
puppies inclofed in their membranes remain
quiet for fome time; but, about the time of
the mother’s death, begin to ftir about and
ftrugele, as if affected by fome very uneafy
{enfation; and that if their membranes be

laid



214 Of the ViTAL and

laid open at this time, or a little after, fo
that the air fhall be admitted 'to them, they
immediately begin to breathe, and feem to be
relieved from what before opprefled them
but if this is not done, they quickly begin
to languifh and at laft die *. Does not this
argue that a neceflity of refpiration, and a de-
fire, ftronger at leaft than before, of dila-
ting the zbo#ax for the admiffion of air, com=
mences on the part of the ferus, immediate-
ly after its intercourfe with the mother 1s cut
off by the birth.? - Wl

v As the water furrounding the faius
would certainly hinder its making any ef:
forts to infpire, though it were fuppofed e-
ver fo defirous of doing it, {o the air, the
proper medium for refpiration, being applied
after birth to the face, mouth and noftrils
of the animal, may put it upon eflaying a
new function, which, by reafon of the pecu-
liar fenfation in its lungs; it cannot but be

extremely

* ¢ Feetum cum fuis involucris eximo, & exteriori
¢ effracto involucro per interius valde pellucidum oftenda
¢¢ qui feetus refpirare conetur, quamque pulchre interiori

¢ quoque fracto acrem ducat.”  Fefalii anatom. lib. 7,
£l

-.....-T-ﬁ
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~ extremely anxious to exert. 'We may ob-
ferve that a new-born child rarely performs
the motion of fution except f{}mething be
applied to its mouth ; and, perhaps, in the
fame manner the appetite of breathing itfelf
may be increafed in a fafus by the prefence
of a fluid fitly anfwering its demands.—The
chick, after it is become large and ftrong,
1s obferved to gape when the fhell is opened ;
and does not this indicate a defire of breath-
ing ? this opening of the mouth cannot be
in order to take in the liquor of the amnios,
fince the chick is nourithed, not by the
‘mouth, but by the umbilical veflels alone *.
‘Upron the whole, although it is not im-
probable that the ferus, during its ftay in the
womb, may, from the difficult paffage of
the blood through its compreffed lungs, have
a defire to breathe, provided it could enjoy
the benefit of air, yet it {carcely can be doubt-
ed that this appetite of breathing muft be
confiderably increafed at birth. Nor is
breathing the only aCtion of a child newly
born, which before it was a ftranger to;
fucking being equally new to it as breath-
ing.

* Medical Effays, vol. 2. art. 10,



216 Of the V1TAL and

ing *. The former has been generally res
ferred to inftin¢t, and fo perhaps may the
latter : but as I.would decline; as much as
poffible, the ufe of words, whofe meaning
may be obfcure or indeterminate ; fo I chufe '
rather to fay, that fucking and breathing
are owing to particular fenfations in the
body, determining the mind or fentient prin-
ciple to put certain mufcles or organs in
motion.

Havine thus accounted for the begins
ning of refpiration in animals, we fhall, in a
few words, fthew the weaknefs of what has
been advanced on this head by fome of the
moft confiderable writers in Phyfiology.

Our celebrated eountryman Dr. Pifcairn
derives the firft infpiration in new-born ani-
mals, from the air rufhing, by the glhrtis,
into the cavity of the thorax at birth, as it
were into a vacuum, and thus enabling the in-
tercoftal mufcles to raife the ribs 4. But as

the

* That the feetus in uters does not fwallow the liguor
amnii, has been fo clearly demonftrated by my worthy
friend and collegue Mr, AMonro, that 1 think it one of the
few points in Phyfiology which ought for the future to
pafs undifputed. See l\gledical Effays, vol. 2. art. g

+ Differt, de cauf, qui fanguis fluit per pulmon. feét.
14,P-53
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the lungs, before birth, fill the cavity of the
thorax, there can be no vacuum into which
the dir may ruth: for, if there were, the
liguor amnii muft have been forced into it,
while the farus was in the womb; and in
dead-born ferufes;. the air ought to rufh into
the lungs and expand them; both which
circumftances are contradi¢ted by experience.
The Doétor adds, Irrumpit; inquam; aer vi ela~
teris ét gravitatis, non autem dilatati prius pe-
loris, compulfus *; whence it is evident he was
quite unacquainted with the true manner in
which inf{piration is performed : for it is owing,
as has been thewn above, to the enlargement
of the cavity of the breaft, made by the con-
traction of the intercoftal mufcles and dia-
phragm. Befides, fince the thordx isina ftate
of full expiration in all dead animals, it evi-
dently appears that the air cannot, by its gra-
vity, &c. dilate the lungs; but thadt, in order
to the firft infpiration, the diaphragm and in-
tercoftal mufcles, by their contraction, muft
enlarge the cavity of the cheft.

Tue great Boerbaave, after Thrufton and
Borellz,

* Diflert., de cauf. qua fang. fluit per pulmon, Sect. 15.
P54
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Borelli, afcribes the beginning of refpiratioff
to the fatus moving all its mufcles violently
in the time of birth, and, among the reft, the
intercoftals and diaphragm *. But this ac~
count is by no means fatisfattory; fince Vefa-
tius and Mr. Boyle have obferved, that puppies
cut out of their mother’'s womb begin to
gape and breathe as foon as they are expo-
{ed to the open air 4. And when infants,
which feemed to be dead-born, have begun
{oon after to breathe, we are not, with Senac,
to afcribe this to the action of any fecret reffort,
or undifcovered piece of mechanifm, bringing
the ‘mufcles of infpiration at this time into -
play I; but to the energy of the fentient prin~
-ciple, which, ‘as foon as its little heart begins
‘tovibrate, is roufed, by a difagreeable ﬁ:ehng
in the lungs, to dilate the thorax and take in |
-air.  The caufe, therefore, of the firft refpi-
ration in this cafe, is evidently the fame as of
‘its recommencement after a fymecpe, namely, |
‘the blood puﬂlcd by the heart, upen itsreco- |

. vermg |

SRR SN S TS

T b ot ® e P e T

* Inftitut. Med. § 691,

+ Vefal. Anatom., lib. vii. cap. 19. & Boyle's exp. phyfic.
mechan. p. 41.

1 Traité du coeur, lib, 3. chap. 8. Sect. vi.
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vering motion, into the pulmonaryvefiels, and
there alting as a flrmulus.

THae induftrious Haller chufes to deduce
the beginning of refpiration, from the endea-
vours of the fetus to cry, upon account of its
uneafy fituation and the pain it fuffers in the
time of birth ¥, But, if the commencement
of breathing were owing to no other caufe
than this, why fhould not this ation ceafe
foon after the child is delivered, when it is
free from pain and gives over crying? Or why
thould it begin in Vefalius and Boyle's experi-
ments now mentioned, where the ufual cau-
fes exciting the animal to cry were wanting ?
And why fhould the fafus thew {uch marks
of anxiety when inclofed in its membranes,
and be quickly at eafe, upon its having accefs
to the air and being allowed to breathe? -«

BuT what is erying in infants? Why, no
more than an irregular kind of breathing,
which affeéts the expiration chiefly, and is ow-
ing to fome painful fenfation; for, hence, the
air being forcibly expelled through the ghr#ss,
which is conftri¢ted now more than ufually,

produces

- * Not. @ in Boerhaave Inflitut. Med. § 691. & prim,
lin. Phyfiolog. '
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produces the noife called crving. Totell us

therefore, that the beginning of refpiration in
animals is owing to their attempting to cry, Is,
"in other words, to fay, that it depends upon a
painful fenfation, which, in animals accu-
ftomed to breathe, prevents the muicles of
refpiration from being moved in a regular and
natural way. But, asthe action of thefe mu-
{cles is performed in a more regular and equa-
ble manner as foon as the caufe of crying
ceafes, it feems more reafonable to believe
that the firft infpiration is owing to the fame
caufe as the fecond, third, and every fucceed-
ing one, namely, to a particular {enfation in
the lungs affeGting all new-born animals:
- while the pain, which occafions crying, is
merely accidental, and feems not to give rife
to refpiration, when it does happen; though,
after it is once begun, it is the caufe of its be-
ing performed after an irregular and interru~
pted manner. 5 o |
Animavrs, when drowned, or fuffocated
with bad air, are many times brought to life
again by friction, agitation, or by blowing air
into their guts or lungs; all which expedients,
as they communicate motion to the bleod fta-
e gn'ﬁting
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gnating in the greatveins adjoining to the heart,
tend to renew the contractions of this organ
and confequently the circulation of the blood
through the veflels of the lungs, to which a-
lone the recommencement of breathing is ow-
ing, and not to any attempt to cry or howl,
which, in thefe cafes, is feldom obierved.
FurTHER, in batts, hedge-hogs and other
animals which ly in a death-like ftate during
the winter’s cold, and without any alternate
motion of their thorax, can the recommence-
ment of breathing, in the {pring feafon, be
afcribed to any painful fenfation exciting them
to cry? No, furely. But the returning heat
of the fun agitating their fluids, and commu-
nicating a new motiou to their heart, the
blood is pufhed, as is ufual in living animals,
into the pulmonary veflels, where, chiefly on
account of its difficult paflage, it excites a pe-
culiar fenfation, which roufes the foul or {fen-
tient principle, as it were, from its ftate of
indolence and inaétivity, to contract the in-
{piratory mufcles, and thus perform the action
of refpiration.
Uron the whole, I think it evident that the
beginning of refpiration in new-born animals,
or
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or the recomméncement of it in thofe in
which it has been for a long time inter-
rupted, cannot with any fort of juftice or pro-
priety be deduced from an inclination to cry;
but is owing to a peculiar fenfation in the
lungs, which asit at firft gave rife to this a-
¢tion, fo itis the caufe of its being ever after
continued. And if we are fo formed, that we
feel a craving appetite, as often as our bodies
require a new fupply of food, and a differ-
ent fenfation when our fluids need to be
diluted with drink, can it be thought ftrange
that an appetite fhould be given us for air,
the want of which becomes much foones

fatal ?
A Solution of HARVEY’s Problem.

U? fit, ut fatus in lucem editus, ac membranis
integris opertus, et etiamnum in aqua fua,
manens, per aliquot horas, citra fuffocationis
periculum, fuperfles fit : idem tamen {ecundis
exutus, fi femel aerem intra pulmones attraxerit,
poftea ne momentum quidem temporis abfque eo du-

rare poffit, fod confeflim moriatur * 2
THis

* Harvey de generat. animal, cap. de partu, p.501,
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~ Tuis problem, ‘which was firft propofed
by the great Dr. Harwvey, appears to be of {o ve-
ry ealy folution, that it is not a little furprifing,
that many Phyfiological writers fhould have
attempted it in vain.

THE fetus lives in the womb without re-
{piration, becaufe the greateft part of the
blood, by means of the foramen ovale and
duétus arteriofus, is conveyed from the right
Jinus venofus and ventricle of the heart, into
the left ventricle and aorfe, without pafling
through the lungs ; and becaufe its fluids, be-
ing derived from the mother’s blood which
has fuftained the action of the air in her
Tungs, muft be equally fit for its nourithment
and fupport, as for her’s. When the fetus,
after being feparated from its mother, re-
mains involved in its fecundines, it lives for
a confiderable time without breathing; be-
caufe the circulation of the blood continues
to be carried on in the fame manner as when
it was in the womb, only a {mall proportion
of it paffing though the lungs: fo that there
is nothing to hinder the animal from living,
till it s extinguithed by cold, or perhaps

through
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1

E

through the want of fomething neceﬂ'ary to

life, which the air may fupply.

AFTER birth, when the fafus has once
been accuftomed to breathe, it quickly dies,
if refpiration is difcontinued ; beeaufe the

blood, which formerly went by the foramen
ovale and ductus arteriofus; pafles now through
the veflels of the inflated lungs: and al*
though we cannot fuppofe thefe pafiages to
be inftantly fhut after breathing begins, yet
as the veficles of the lungs, after having been
-once inflated, never collapfe fo far as to oc-
cupy as little fpace as before, their veffels muft
g0 on to receive a greater quantity of blood
‘than before birth, and cenfequently to tran{-
mit this fluid in greater abundance to the left
finus venofus 5 by which means the pafifage of
the blood into this finus, by the foramen ovale,
will, in a great meafure, be prevented ; at the
fame time, by the inflation of the lungs, the
pulmonary artery will be raifed, and perhaps
the fituation of the duéfus arteriofus {o chan-
ged, as to render the paflage of the blood
throughitlefs favourable. Further, after birth,
when the umbilical arteries are tied, the blood
pafling through the duélus arteriofus into the

aorta
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aorta will find greater refiftance than for-
merly ; fince the fluids pufhed into this ar-
tery by the two ventricles of the heart, will
find a lefs ready paffage, as a confiderable
part of the veflels through which they ufed
to flow are thus obftructed. |

Hence if refpiration be once begun,
though performed but for a very fhort time,
the blood, notwithftanding its being after-
wards reftrained, will continue to take the
route of the lungs chiefly, through whofe
veflels, however, it cannot pafs near {o faft as
it is thrown into them from the right ven-
tricle of the heart; whence it follows, that
an animal, having been once accuftomed to
breathe, and after this happening to be de-
prived of air, muft be quickly fuffocated by

~an accumulation of blood in the pulmonary

veflels *. .
E £ SoME

* As there are fome who doubt of the alternate mo-
tion of of the lungs in refpiration, being neceflary to
carry on the circulation of the blood through their veflels,
I fhall here mention a few experiments, which feem to
put this matter out of doubt. _

1. When the lungs are collapfed, i. ¢. in a ftate of ex-
piration, as is the cafe in all dead animals, any fluid in-

jeéted
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SomE may perhaps think the fudden death
of animals deprived of the benefit of refpi-
ration, ; 1s. owing rather to the want of {ome-

thing

jected into the pulmonary artery, pafles with difficulty to
the left ventricle of the heart. _ L S

2. When the lungs are inflated with air, an injected
liquor flows™ through their veflels more eafily and in great-
er quantity, - b | |
3. When the.lungs aré agitated with an alternate mo-
tion, fomething like natural refpiration; water or any o-
ther thin fluid pafles ftill more freely through them, and
penetrates into’ their moft fubtile veflels *.

- 4. If refpiration be reftrained for any confiderable time,
one’s face bécomes of a purple colour, and its veins are
much diftended with blood; which thews that this fluid,
on account of .its difficult paflage through the lungs, is
accumulated in the trunks of r:ghe cava and right finus
i’fﬂﬂﬁ{’,.,'::fc.' i QUMY 118 :

. 5: But the neceffity of | the. alternate motion of refpira-
tion in order to the Fy
the pulmonary veflels, is ftill more evidently demonftra-
ted by the following experiment of Dr. Mufgrave: A
dog whofe zrachea was cut juft below the pomum adami,
and clofe ftopt with a cork, after a few violent ftruggles,
died in two minutes; and, upon opening the #horas, the
pulmonary artery, right ventricle and auricle of the heart,
together with the great trunks of the cava, were diftend-
ed with blood to an exceflive degree; while the pul-
monary veins, left auricle and ventricle of the heart, were
almoft quite empty, not containing more tham a fpoonful
of blood +. . AT RATE TR i ]

It may be thought perhaps that the force of this experi-
ment is weakened by one of Dr. Hook’s, who having cut
away ,the_:_r-ibs, dlaphragm Iﬁ,ﬂd-ﬁﬂ‘f{'ﬂﬂﬁ!{m gf a dog, and

' pricked

* Vid. Kaan péri"ﬁirat. Hippocrat. difta, fect. 160, 161. ‘rdz. & 170.

t Philofophical Tranfact, abridged, vol. 3. p. 67,

ree tranfmiffion of the blood thmugl'l :

ot
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thing in the air which fupports the vital flame.
But although it is not improbable that the air,
befides

pricked the outer coat of the lungs with a penknife, pre-
ferved him alive, by keeping his lungs fully diftended with
a continued blaftof air which he madeto pafs through them
by means of a pair of double bellows *. But as the
blood-flows much more freely through the pulmonary vef-
fels ‘when the lungs are inflated, than when they are col-
lapfed, it is by no means furprifing, that in this dog,
which had loft a great deal#of blood during a former ex-
periment, the inflated lungs fhould afford an eafy enough
paffage to the fmall quantity of this fluid that would be
thrown into their veflels by the contraétion of the right
ventricle of the heart; efpecially if we confider, that the
conftant ftream of air muft neceflarily, while it was paf-
fing through the lungs, and efcaping by the fmall wounds
made in their external furface, have communicated a
confiderable ofcillatory motion to all their veficles and vef-
fels, whence the motion of the blood through them would
be greatly promoted. And that a very fmall agitation of
the lungs may be fufficient to keep up the circulation
through their veflels, and preferve life, plainly appears
from the faintings which hyfterical people are fometimes
fubject to. In thefe faintings, which I have feen laft from
5 to near 15 minutes, the pulfe, perhaps, beats a very little
flower than before, but with its ufual regularity ; whilein
the mean time there is no motion of the thsrax obfer-
vable to the eye, notwithftanding that, by holding a lighted
candle near the mouth, one can eafily difcover that they
breathe, though it be very weakly and flowly. Further,
in Dr. Hook’s experiment, the paflage of the blood through
the pulmonary veflels muft have been much freer than
it is in found animals, whofe lungs are kept in a ftate
of full infpiration, becaufe they are, while in this ftate,
confiderably prefled upon by the rarified air endeavouring
to inflate them more and more on the one hand, and the
fides of the thorax refifting this inflation on the other,

# Philofoph, Tranfat, abridged, p. 66
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befides its action on the lungs, as a cool ela-
ftick fluid, may contribute in fome other way

towards fupporting life ; yet fince a_fatus can
live a confiderable time without refpiration,
when feparated from its mother and involved
in its fecundines, its dying fooner for want
of air, after it has once breathed, cannot be

owing {olely to the defe&t of any thing which

this fluid might communicate to the blood
in the lungs, but muft be deduced from the
change made in the pulmonary veflels by re-
{piration, as has been above explained. And
this reafoning is confirmed from the obferva-
tion, that animals, through whofe lungs a
fmall fhare only of the blood circulates, can
fuftain the want of air much longer than man

and the other more perfect animals, in which

‘the whole mafs of blood pafles through the
pulmonary veflfels: as likewife that new-
born animals, which have breathed only for a
fhort time, don’t die fo foen in the air pump
as others do *

Having thus, at large, fhewn the vital
and ;:}thg:r involuntary motions of animals to
be =il owing to a fiimulus of one kind or other,

afting either immediately upon the organ
moved,

* Philofophical Tranfat. abridged, vol. 2. p. 217. & 218,
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moved, or on fome neighbouring part with
which it feems to have a peculiar fympathy ;
it remains that we next inquire, whence this
power of a ffimulus over the mufcles of animals
mutft be derived ?

S BaEYT, v X,

Of the reafon why the muftles of animals are
excited into contraction by the application of 4
{timulus.

HE nuufcular fibres of animals are o
| framed, as to contract whenever a caufe

proper to excite their action is applied to
them, or, in defect of this, always to remain
at reft. ‘This caufe is either an effort of the
will ¥, or a_fimulus of fome kind or other 4 :
to the former are owing the voluntary mo-
tions; and to the latter all fuch as we call
vital and {pontancous.

How or in what manner the will a&s up-
on the voluntary mufcles, {o as to bring them
into contraction, is a queftion wholly beyond
the reach of our faculties; and indeed, were

it otherwife, the anfwer would be of no great

' importance

‘% Sect. 1. N° 7. above.
+ Ibid. N 8,
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importance, it being fufficient that experience
convinces us the will is really poflefied of this
power. But, in this our endeavour to trace
the wital and other involuntary motions up to
their firft fource, it feems to be a matter of
no fmall moment, to inveﬁigate the caufe or
caufes which enable flimuli of various kinds
to excite the muicles of living animals into
contraétion. And here, ;

1. SoMme have contented themfelves with
afcribing the contractions of mufcles confe-
quent upon pricking, tearing, ftretching, or
otherwife ftimulating them, either by the
application of folid bodies, or acrid fluids, to
the elaftic power of their fibres * ; but with-
out informing us particularly, whether by this
they only underftood that remarkable power
of refilition belonging to many bodies, and
from which they are named elaftic, or fome-
thing different from, or fuperadded to this.
However, thefe would have done well to

| confider,

*  Bagliv. opera, 4to, lib. de fibra motrice, cap.11.
p- 335. & Diflert. de anat. fibrar. & motu mufcul. p. 403,

P F.gﬂbfman. fyftem, med. lib. 1. fect. 1. cap. 3. N° 17,
18,
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confider, that an elaftic body, of whatever
kind it may be fuppofed, is no more than a
piece of dead inaCtive matter, without any
power of generating motion ; and thdt tho’
it ever recoils with a force proportional to
that which bent or wound it up, yet it does
this only in confequence of its being acted
upon, and not from any proper agency of its
own.——That the fharpeft needle does not
produce ftronger vibrations in the fpring of
a watch, than a blunt one a&ing upeon it with
equal force; and that {pirit of wine, or oil of
vitriol, dropt upon'the moft highly elaftic
body, difturb not its ftate of reft, any more
than the mildeft milk, or oil of almonds :
whereas the contrary of all this is true with
refpect to the action either of  ftimulating fo-
lid bodies or acrid fluids upon the mufcular
fibres of animals ;- whence it follows, that
the motions they produce are not to be ex-
Pla_ined by any elaftic powers, which, it may
be imagined, thefe fibres are endued withal,

2. OTHERs, giving {cope to a lively ima-
gination, have fancied the animal {pirits lod-
ged in the cavities of the mufcular fibres, to

confift
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confift of a' number of little fprings wound
up, which, by the application of ftimulating
bodies, being put into vibratory motions, di-
late thefe fibres, and {o render the whole
mufcle thorter *. Not much different from
this is the opinion of the learned Dr. Senac,
who tells us, in his accurate Treatife’ upon
the heart «-, that this mufcle is brought into
contration by the returning venous blood,
which dilates its ventricles, and {retches their
conftituent fibres in fuch manner, as to excite
an ofcillation ‘in the animal fpirits lodged in

them, and confequently to make the mufcular

fubftance of the heart {well and become hard.
“Burt, waving the objeion, that as the
nature of the animal or vital {pirits, as they

are called, is' altogether beyond our ken, e-

very account of mufcular motion from a /i~
mulus which depends on their peculiar energy
or manner of action, muft therefore be mere-
ly hypothetical and precarious at beft; may
it not well be atked, why, if mufcular con-
traction from a ffimulus were owing to the a-
nimal fpirits excited into an - ofcillatory mo-
tion,
% Lieutaud. element. Phyfiolog. p. 71.72. & 261,
+ Vol 1. lib. 2. %ap. 8.

|
|

el et e Gl A e i ek
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tion, thould prefling the belly of a mufcle
with a {fmooth body caufe a weaker ofcillation
than the pricking of a pin, which is applied
with lefs force, and affets only a very few of
its fibres? or why fhould one and the fame
irritating caufe acting on the tendinous fibres
of a mufele, raife a much more violent ofcil=
lation of the nervous fluid, than when applied
to its carnous ones?—-— Befides, {uppofing
the animal fpirits lodged in the mufcular
fibres to be ever {o elaftic, would it not be in
vain to go about deducing the motions of
mufcles confequent upon a flimulus from this
property, fince elaftic bodies, as was obferved
above, never, of themf{elves, generate motion,
but recoil only with a force proportional to
that wherewith they are acted upon. If it be
pretended, that the animal fpirits differ from
other elaftic bodies, or owe their ofcillatory
motion to fome other caufe*, no fatisfaction,
furely, can arife from fuch a refuge in igno-
rance ; for thefe {pirits muft either a&t entire-
dyasa mechanical power, or not : if the af-
firmative be admitted as true, it muft alfo at
the fame time be confefled, their reaction,
| Gg - like

% Senac. Traité du coeur, vol. 1. p. 452
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like that of other elaftic bodies, can never
exceed the power acting upon them and put-

ting them in motion : but if their a&ion, in-

ftead of being properly mechanical, be aferi-

bed to fome unknown active properties, this

will be found to be not only a mere hypothefs,

but {fuch a one as will hereafter be proved ut-

terly irreconcileable with the phenomena of
mufcular contration from a_flimulus.

3. IT may be thought, that mufcular con-
traction is owing to {fome kind of explofion,
ebullition or effervefcence, occafioned by the
mixture of the nervous and arterial fluids, or
perhaps to the peculiar energy of fome very
fubtile ethereal or eleCtrical matter refiding in
the nerves; and that as thefe caufes may be
brought into action by the power of the will,
in order to voluntary motion, fo, in the cafe
of involuntary motion, they may be neceffa-
rily determined to exert their influence, by
the mechanical action of heat, fharp inftru-
ments, or other fimuli applied to the fibres

or nerves of the mufcles *.

Bur,

* Dr. Ra&f:zﬁn has afcribed mufcular comtraétion from
‘heat, punttures, &e. to their exciting a vibrating motion
in the «ther within the nerves and membranes of the mu-

’ icless
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BuT, without inquiring how far the con-
traction or intumefcence of a muicle may be
owing, or not, to any of the caufes now
mentioned, it will be no difficult matter to
fhew that they cannot, without the interven-
tion of fome other agent, be excited to exert
themfelves by the various fimuli which are
obferved to bring the mufcles of animals into
contraction : for a fluid lodged in the nerves

- or mufcular fibres, though of a nature fit to

produce explofions, effervefcences, &¢. is
by no means fufficient for any of thefe pur-

+ pofes, unlefs a caufe peculiarly adapted to ex-

cite fuch motions be applied toit. Thus gun-

powder

fcles; and thinks that the explofion of the ele@rical vapour
brings the mufcles into a ftrong and fudden contration, by
raifing a ftrong vibrating motion in the @ther lodged in
their nerves and membranes. Animal Economy, prop. 8.
and Differtation on Sir lfaac Newton's ether, Appendix,
p. 140. Dr. Langrifb alfo is of opinion, that warmth
and pricking with a needle renew the contraction of the
heart, by putting in motion the ethereal matter of the
nerves. Cronean Lettures, feét. 127. and 151. And
as of late years there has appeared a fondnefs in fome, to
explain almoft every hidden operation in nature by electri-
city, I thought it might not be improper to fhew, that the
eleétrical aura, even fuppofing it were the MATERIAL caufe
of mufcular contration, will not enable us to account for
the motions of mufcles, whofe fibres or membranes are

pricked, torn, or otherwife ftimulated.
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powder produces no explofion without the af-
fiftance of fire ; nor are electrical effuvia ex-
cited into action, but by the attrition of
certain bodies. Alcalies then only raife a
commotion when mixed with acids 3 and no
effervefcences or f{udden ebullitions can be
pmduced, without the mixture of {ubftances
difagreeing in their qualities.  Fire applied to
a glafs globe will not produce elettricity, any
more than friction will make an alcaline liquor
effervelce, or the mixture of an acid fet gun-
powder in a flame. If therefore mufcular
motion were owing to any of the caufes a-
bove mentioned, - it might reafonably be ex=
pected that it would only follow upon the ap-
plication of certain kinds of ffzmuli to the mu-
fcular fibres : but we know from experience,
that inftruments of different metals, provided
their tharpnefs and figure be the fame, have
an equal power of bringing the mufcles of ani-
mals into action : — that it makes no odds
whether the ftimulating fubftances be eletrics
per fe, or mon-eleCrics : — that acrid liquors
of quite oppofite natures have much the fame
effe, if their degree of pungency be equal :
= that acids, alcalies, neutral falts, heat,

pricking,
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pricking, tearing, and in fhort every kind of
irritation, excite the muicles of animals into
contraction ; and that there is no difference
in the motions they produce, except what
arifes from their acting as ftronger or weak-
er flimulz, i.e. from irritating the part more
or lefs. |
FuRrRTHER, no violent motion is produced
by any bodies in nature, however active, un-
lefs the peculiar caues neceflfary to produce
this be applied to them : but in order to the
contraction of a mulfcle, it is not neceflary
that the ff7mulus {hould be applied to its fibres ;
it is enough that the common membranes co-
vering them are irritated, the fame effe& be-
ing hence produced as from wounding the
very fibres of the mufcle. This is evidently
fa&, in the cafe of the heart, ftomach, guts,
and bladder ; nay, many times mufcles are
excited into action by a_ffimulus affeCting a re-
mote part with which they have no imme-
diate connexion, or fo much as even a com-
munication by means of nerves, unlefs it be
that general one {ubfifting between all the
parts, as their nerves are derived from the

ame brain. Thus any thing which affects
the
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the interior membrane of the ftomach after
a difagreeable manner, brings the diaphragm
and abdominal mufcles into convulfive con-
tractions: the action of light, as a fimaulus,
upon the tender 7etina is followed by the con-
traction of the orbicular mufcle of the wvea,
and according to the various imprefiions made
by founds upon the auditory nerves, the mu-
{cles of the internal ear are contraéted vari-
oufly.

Lastry, As the ele&rical efluvia, ex-
cited by frition of certain bodies, are not
emitted by fits and ftarts, butin a continued
equable ftream, fo neither do the explofions
or effervefcences produced by the mixture of
{ubftances of difagreeing natures exert them-
felves, like irritated muicles, by alternate ef-
forts. As little will the ofcillations of an
elaftic @ther (fuppofing the animal {pirits to be
of this nature) ferve to explain this phenome-
non, fince thefe muft always follow the laws
of vibration obferved in other elaftic bodies,
which yet are utterly inconfiftent, as we fhall
have occafion of proving below, with the al-
ternate and vibratory-like contractions of
mufcular fibres from an irritation. Upon

the
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the whole then, we may fairly conclude that
the contradtion of an irritated mufcle cannot
be owing to any effervefcence, explofion,
ethereal ofcillation, or elecrical energy ex-
cited in its fibres or membranes, by the me-
chanical action of the ffimulus upon them.

4. SeverAL Phyfiological writers have
fuppofed fome latent power or property in the
mufcular fibres of animals, to which their
motions, in confequence of an irritation are
to be referred *.

BuT this opinion feems to be no more than
a refuge of ignorance, which nothing, but
the defpair of any fuccefs in their inquiries
into this matter, can have driven them into.
For, if they here.mean fome unknown
active powers refulting from the peculiar con-
ftitution or mechanical ftru@ure of a mufcu-
lar fibre, it may be fufficient reafon with us
for denying there are any fuch latent caufes,
that the affertors of them have hitherto been

as

* Peyer. Parerg. anatom. 7. p. 198.

Haller. not. in Boerhaave inftitut. med. vol. 4, p.6rs.
& 617. Comment. 1. G. H. inBoerhaave inftitut. med. val.
5.p. 10I. & 104.
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as unable to vindicate their exiftence by phe-
nomena, which cannot be explained without
them, as to {pecify their true nature; be-
fides that it muft appear greatly unphilofo-
phical to attribute altive powers to what,
however modified or arranged, is yet no
more than a fyftem of mere matter ; powers
I fay, which are not only confefledly fuperi-
or to the utmoft efforts of mechanifm, but
contrary to all the known properties of matter.

FurTHER, the influence of a flimulus in ex~
citing even mulfcles, to which it is not ap-
plied, into contraction, plainly argues fuch
motion not to arife from any hidden power
in the mufcle being called into action by the
mechanical effe@ or operation of the frmulus.
Every attempt, therefore, towards explain-
ing the motions of irritated mufcles, from
properties which their fibres, confidered as
mechanical inftruments, ever fo exquiﬁl:el}f
framed, or nicely adjufted, can be fuppofed
endued withal, muft be vain and fruitlefs:
for as well might we pretend the eye fees
objects, and the ear hears founds, purely by
virtue. of their being material organs, as

imagine the motions of animal fibres from a
Sfimulus,
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Simulus, to be owing folely to their mechani-
cal ftrutture, or to the peculiar arrangement
and difpofition of their parts.

5. SoMe may, perhaps, be of opinion,
that the all-wife AuTHoR of nature hath en-
dued the mufcular fibres of animals with
certain a&ive powers, far fuperior to thofe
of common matter, and that the motions of
irritated mufcles are owing to thefe. And
indeed we cannot but readily acknowledge,
that he has animated all the mufcles and fibres
of animals, with an active {fentient PRINCIPLE
united to their bodies, and that, to the energy
of this PRINCIPLE, are owing, the con-
tractions of ftimulated mufcles. But if it
be imagined that he has given to animal fibres
a power of fenfation, and of generating mo-
tion, without fuperadding or uniting to them
an active PRINCIPLE, as the sUBJECT and
cAausk of thefe, we prefume to fay, that a
fuppofition of this kind ought by no means
to be admitted ; fince, to affirm that matter
can, of itfelf, by any modification of its
parts, be rendered capable of fenfation, or
of generating motion, is equally as abfurd,

Hh as
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as to afcribe to it a power of thinking. Mattet,
o far as we can judge of it by all its known
properties, appears to be incapable either of
fenfation or thought : and the whole phenomena
of the mere material world evidently thew,
that it ats invariably according to certain
laws preferibed to it, and without any feeling,
inclination or choice of its own ; nor is there
any thing more refembling will, felf-deter-
mination, or real active power in the mpft
refined and fubtile parts of matter, than in the
grofleft and mott fluggifh.

Ir then the effeCs of flimuli upon the mu-
fcular fibres of animals, cannot be deduced
from any property or powers belonging to
them, as mere MATERIAL organs, it remains,
that they are owing to an active fentient
PRINCIPLE animating thefe fibres.  But this
will more evidently appear from the follow-
ing confiderations. '

1. A flimulus applied to the mufcles of ani-
mals when laid bare produces, inftead of ‘on-
ly one contraction lafting for a confiderable
time, {everal contra@ions and relaxations al-

ternately fucceeding each other, which be-
come



other INVOLUNTARY MoTroNs, 243

come gradually weaker, and are repeated
after longer intervals, as the force of the ir-
ritating caufe is diminithed *, Now, thefe
alternate contractions are eafily .accounted
for, if we fuppofe them to proceed from a
{entient PRINCIPLE, which, in order to the
getting rid of the pain or uneafy fenfation
that arifes from the irritation of the mufcle,
determines the influence of the nerves into
its fibres more ftrongly than ufual. = For, if
by one or two contractions the ir-rifating caufe
be thrown off, and, together with it, the
difagreeable fenfation removed, the mufcle
will return to its former ftate of reft; if
otherwife, it will continue for a longer time.
to be agitated by alternate convulfive motions,
which will be more or lefs forcible, and re-
peated after fhorter or longer intervals, in
proportion as the ffzmulus and painful fenfation
hence enfuing are ftronger or weaker. The
titillation of a flighter fizzmulus will be fo much
weakened by the firft contraction of the mu-
{cle, that fome fpace of time muit intervene
before it will be able to produce a fecond:

whereas the fmart pain, which follows a
ftrong

# Sect, 1. N° 10, and 11. above.
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ftrong irritation, affects the fentient principle
{o powerfully, that no fooner is the mufcle
relaxed, than a new contration neceflarily
comes on. Thus a gentle irritation of the
left orifice of the ftomach caufes only a flight-
er hiccup or convulfive contration of the
diaphragm; which too is not repeated till
after confiderable paufes; while a greater
irritation, not only excites ftronger convul-
fions of this mufcle, but alfo a quicker re-
petition of them. _'

Wiy the fentient principle, in confequence
of a painful fenfation, does not keep irritated
mufcles in a continued ftate of contraction,
but allows them to be alternately relaxed,
fhall be afterwards explained.

Ir the contra&tion of an irritated mufcle
were owing to the action of the flzmulus upon
it as a mere mechanical organ, then, fo long
as the fiimulus continued to a& equably, the
mufcle ought to remain equally contracted,
and, upon its ceafing, the mufcle ought to be
relaxed, or rather the mufcle, upon the firft
application of the fimulus, ought to be fud-
denly contraéted ; which contraction fhould
become weaker by flow degrees, till at length

| : the
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the muficle had returned to its natural ftate of
relaxation. If a few drops of any acrid li-
quor let fall on a bare mufcle, or the prick-
ing with a needle, excites it into contration,
as a mechanical caufe a&ing upon a mecha-
nical organ ; then, fo long as the caufe alls
on the organ, the effeé muft continue to
follow ; and if the caufe becomes gradually
weaker, {o alfo muft the effe&, till it ceafes
altogether, 7.e. the mufcle ought not to be
agitated with alternate convulfive motions ;
but, after its firft and ftrongeft degree of con-
traction, it fhould begin to lofe fome of its
force, and continue to do fo, till it came a-
gain to its natural {tate.

WuaT moft refembles mufcular contraéti-
on from an irritation, is the falling or clofing
of the leaves of the fenfitive plant after being
touched : but this equally happens, whe-
ther thefe leaves be touched with the fharp
point of a penknife, or the blunt end of a
pencil, with a piece of fmooth wax or rough
iron, with brandy or with water. Here
there are no alternate contraétions and relaxa-
tions, as in the mufcular fibres of aninmls;
no indication of feeling or of being peculiarly

affected
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affeCted by ftimulating things ; but all is ef-
fected by mere contact or mechanical impulfe,
I cannot help obferving in this place, though
foreign to my prefent purpofe, that the clo-
fing of the leaves of the fenfitive plant upon
their being touched, cannot be owing, as
fome have lately imagined, to the eleétrical
matter iffuing from them ; fince the touch of
wax, which repells this matter, makes them
clofe as remarkably, as that of men-eletric
bodies : nay, a piece of wax ftrongly eleéri-
fied by rubbing, made the leaves of this plant
quickly clofe, by attralting them to it with a
confiderable force.

Ir it be faid, that the elaftic fibres of the
mufcles, or the nervous fluid contained in
their cavities, are excited by a fimulus into
ftrong ofcillations, which are repeated till
the irritation ceafes, or even for fome time af-
ter ;. I anf{wer,

« THAT it is not eafy to conceive how fuch
fimuli as don’t 2a& by any mechanical force,
but merely by their acrimony, fhould excite
an ofcillatory motion in the fuppofed elaftic fi-
bres of the mufcles, or in the animal {pirits

lodged in them. But not to infift on this,
pIr
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¢ Ir the motion of our muicles from a /-
mulus were owing to elaftic vibrations of any
kind whatever ; how could the fphinéter pu-
pille and the mufcles of the internal ear, con-
tinue uniformly and equably contrated for a
confiderable time, which they never fail to
be, when the flimuli affeCting them act with
unvaried force ? And why ought they not ra-
ther to be agitated by a number of quickly
repeated contractions? Nay the continued,
uniform and equable contraction of the vo-
luntary mufcles would be impofiible, if their

motion was owing to any elaftic ofcillations.
y Ir mufcular motion from a frmulus were
the effect either of the vibrations of the ner-
vous fluid, or of the folid elaftic fibres of the
muficles themielves, the alternate contractions
of an irritated mufcle, like the vibrations of
elaftic bodies;, ought to follow one another
at equal intervals, nor would they be more
flowly repeated as they become weaker, and
were about to ceafe; which however is the
cafe. A mufical chord, a bell, or any
other elaftic body, performs its vibrations in
equal times, whether it be acted upon by a
ftronger or a weaker force; and its ofcillati-
ons
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ons follow one another; from firft to la‘ﬁ;
with an equal degtree of fwiftnefs: In like
manner the elaftic pulfes which thefe bodies
communicate to the ambient air, fucceed each
other as quickly in diftant places, where the
found is faint, as in thofe near the fonorous
body, where it is ftronger: Since therefore
the alternate contractions of irritated mufcles
do not follow the law of the vibration of ela-
ftic bodies, but become remarkably flower
when they decreafe in ftrength, and before
they ceafe altogether; it follows with all the
force of demonftration, that they cannot be
owing to any elaftic vibrations excited in the
mufcular fibres, or in the nervous fluid con<
tained in them. But of this more fully after=
wards ¥,

2. Ir it were conftantly obferved, that fuch
mufcles only as had their fibres immediately
alted upon by a flimulus, were excited into
contraction, then indeed it might be fufpe-
¢ted with greater fhew of reafon, that fuch
motions were no more than a neceffary confe-

quence

* Vid. fet. xiii. below on the motion of the mufcles of
animals when feparated from the body.
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quence of the mechanical al&tion of the f-
mulus wpon the mufcular fibres: but as we
find the mufcles of animals brought into acti-
on without any irritation of their fibres,
whenever a flimulus is applied to the coats
or membranes covering them, or to fome
neighbouring or even diftant part, it feems
abfurd to imagine fuch motion owing to the
mechanical action of the fimulus upon the
fibres of the mufcle, and not to the impref-
fion it makes on the fentient principle. Thus
the contraltion of the [phinéler pupille arifing
from the aétion of light on the refina, with
which it has no communication of nerves,
cannot poffibly be explained mechanically,
but muft be owing to fome fentient principle
in the brain, which, excited by the uneafy
fenfation, determines the influence of the
nerves more copioufly into that mufcle. The
fame thing is alfo true of the various motions
of the mufcles of the malleus and flapes from
different founds ftriking upon the auditory
nerve ; and of the motions of the eye-lids as
often as any thing irritates the cornea, be it ever
fo gently.—The contraction of the diaphragm
and intercoftal mulcles, in confequence of an

11 uneafy
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uneafy fenfation in the lungs, muft alfo be
owing to the mind or fentient principle a=
¢ting at the origin of the nerves, “and not to
any change wrought mechanically upon the
fibres of thefe mufcles, by the difficult paf-
fage of the blood through the pulmonary vef-
fels.” The violent action of the diaphragm
and abdominal mufcles in a fenefimus or ftran-
guryis to be explained in the fame way.—=
if. a {park from the fire, or a drop of boiling
water, falls upon one’s foot, the leg is inftant-
ly drawn in towards the body; but as the mu-
{cles erployed in this a&tion are thofe which
ruri along the thigh, and are inferted about the
head of the #/bia, it is manifeft that this /-
midus cannot excite the muicles into contra-
&ion in confequence of any mechanical a-
&ion upon them : “and if fympathy of nerves,
or continuation of membranes, thall be al-
ledged as the caufe of this motion, ‘it may be
juftlydemanded; why the mufcles which run
along the leg, and are inferted into the foot,
are not more remarkably moved than thofe of
the thigh, fince they have a nearer connexion
with the part to which the fimulus is applied;
or whythe extenfors of the leg are not brought
equally
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equally into action with its flexors. = It re-
mains therefore that the motion of the leg, in
this cafe, be attributed to the pain or uneafy
{fenfation excited by the fire or boiling water,
for avoiding of which the fentient principle
is inftantly determined to put the flexors of
the leg in motion, and fo to remove the mem-
ber from the offending caufe. Nay, where
the flimulus is applied to the membranes or te-
guments covering the mufcles, it feems high-
ly probable, that the fubfequent contracions
are not owing to any change firft made on
their fibres: thus the convulfive motions of
the intercoftal and other mufcles of the trunk
of the body, which are excited by tickling
the fides, muft undoubtedly be afcribed to the
mind, which, in order to avoid the difagreeable
titillation, puts thefe mufcles in aétion, and
not to any immediate influence the tickling
can have on their fibres; otherwife why thould
the fame mechanical action of our own, and
of another perfon’s fingers, affet us {o dif-
ferently P— Tincture of 7pecacuan applied to
the internal {furface of the ftomach, does not
feem to produce the convulfive contractions
of that bowel in vomiting, by immediately

affeCting
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affecting its mufcular coat, which is defended
by the nervous and villous ones, but by irri-
tating its nervous papille, and thence affect-
ing the mind or fentient principle.

SincE, therefore, fimuli applied, not only
to remote parts, but alfo to the membranes
or coats immediately covering any mufcle,
excite it into contraction by the intervention
of the mind ; 1is it not reafonable to think,
that even when the mufcles themfelves, or a
few of their fibres, are irritated, the fubfe-
quent motions are owing to the mind’s being
excited, from a difagreeable {enfation, to de-
termine the influence of the nerves more
ftrongly into them ? This, however, will ftill
further appear, if,

3. WE confider, that not only an irritation
of the mulcles of animals, or parts nearly
conneted with them, is followed by convul-
five motions ; but that the remembrance or
tdea of things, formerly applied to different
parts of the body, produces almoft the fame
effeq, as if they themfelves were really pre-
fent. Thus the fight, or even the recalled
idea of grateful food, caufes an uncommon
flow of fpittle into the mouth of a hungry per-

fon ;
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fon; and the feeing of a lemon cut, produ-
ces the fame effe®t in many people.—The
fight of a medicine that has often provoked
vomiting, nay the very mention of its name,
will in many delicate perfons raife a naufea ;
and they are affe¢ted much in the fame man-
ner when they behold any one under the vio-
lent operation of an emetic.—The apprehen-
fion or fear of having one’s fides tickled,
caufes almoft the fame motions in the trunk
of the body, while another perfon threatens
or attempts it, as tickling itfelf would do,
though in a lefs degree.

FurTHER, That many very remarkable
changes and involuntary motions are fud-
denly produced in the body by the various
affections of the mind, is undeniably evinced
from a number of facts. Thus fear often
caufes a fudden and uncommon flow of pale
urine. . Looking much at one troubled with
fore eyes, has fometimes affected the {pectator
with the fame difeafe. Certain founds
caufe a fhivering over the whole body.—The
noife of a bagpipe has raifed in fome perfons
an inclination to make urine.—~The fudden
appearance of any frightful objeét, will, in

delicate
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delicate people, caufe an uncommon palpita-
tion of the heart.—The fight of an epileptic
perfon agitated with convulfions, has brought
on an epilepfly; and yawning 1s fo very

catching, as frequently to be propagated

through whole companies. In thefe cafes,
the motions produced in the veflels of the
eyes or eye-lids, in the heart, ftomach and
bladder, in the fecretory tubes of the falivary
glands and kidneys, in the mufcles employed
in yawning, &¢. cannot be owing to the me-
chanical action of the caufes above mentioned
upon the fibres of the parts moved: for
what particular connexion is there between
the optic and auditory nerves, and thofe
which ferve the heart, ftomach, bladder of
urine, mouth, falivary glands, and the mu-
{cles which deprefs the lower jaw and move
the trunk of the body? All the nervesdon’t
at laft terminate in a point, but in a large
fpace of the brain ; wherefore the confent
between them cannot be deduced from their
contiguity, but muft be owing to a fentient
PRINCIPLE, whichis prefent AT LEAST where~
ever the nerves have their origin, and which,
accordingly as it is varioufly affected, produ-

ces

o el



6ther INVOLUNTARY MOoTIONS. 25§

ce¢s motions and changes in different parts of
the body.

Ir then external cau’es affeCting the brain,
do, by the intervention of the mind or fen-
tient principle, produce remarkable changes
in the mufcles of {pontaneous as well as of
voluntary motion ; and if the idea of a flimulus
has in many cafes almoft the fame effe as
the thing itfelf ; -1s it not highly reafonable
to think, that ftimulating things applied to
the mufcles of animals excite them to con-
tract, not by any immediate mechanical aétion
ﬁpon their fibres, not by caufing an unintel-
ligible explofion or effervefcence, or exciting
{trong vibrations in any ethereal or eletrical
matter fuppofed to be lodged in thefe fibres
oor their nerves ; but by difagreeably affeCting
the fentient PRINCIPLE, in confequence of
which- it determines the influence of the
nerves more copioufly into the fibrés of the
mufcle ftimulated. And there is the lefs
reafon to hefitate in admitting this doctrine,
fince the various pheromena juft now recited
feem undoubtedly to prove the prefence, a-
gency and very extenfive influence of soME-

THING in the bodies of animals, of a nature
different
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different from, and of powers fuperior to
mere matter, however modified, compounded
or arranged.

Ir flimuli excite the mufcles of animals in-
to contrattion by alting upon them, rather
as fentient than mere mechanical or materi-
al organs, it is eafy to fee, why the mildeft
aliment is apt to excite vomiting when the
coats of the ftomach are inflamed, and
why the heart is agitated with violent con~
vulfions and palpitations as often as itfelf, or
even the pericardium, is affeted with any
degree of inflammation. In thefe cafes the
{tomach and heart are rendered extremely
fenfible and impatient of any irritation ;
whence the fimuli which were in ufe to affe&
them very gently, now excite them into vio-
lent convulfions.

IT has been obferved above, that mufcles
whofe fibres have a_flimulus applied to them,
don’t remain contracted for any confiderable
time, but are agitated with alternate contra-
&tions and relaxations. Thus any of the
mufcles of the eye, by irritating their ten-
dinous fibres with the point of a file, are fet
a beating almoft like the heart of an ani-

mal
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thal affeGted with ftrong palpitations *, But
in mufcles whofe contraction is owing to the
attion of a flimulus upon fome diftant or
neighbouring part, there is a diverfity obfer-
ved ; fome of them being uniformly contra&-
ed while the irritating caufe lafts, others al-
térnately cohtracted and relaxed : thus the
action of light and found upon the refina and
auditory nerves, produces an equable conftant
contrattion of the [phinéter pupille and mu-
{cles of the internal ear ; while an irritation of
the membrane of the nofe and #7achea is fol-
lowed by alternate conivulfive motions of the
mufcles of refpiration, and a titillation of the
inferior extremity of the gullet, by repeat-
ed contractions and relaxations of the dia~
phragm.

s Kk THESE

¥ Dr. Senac has fallen into a great miftake with refpe&®
to this matter, when he affirms that an irritation makes the
mufcles of living animals only perform one contrattion, al-
though the fame caufe produces many repeated contra-
&tions in the miufcles of thofe that have been newly kill-
ed +; for, beflides the inftance of the mufcles of the
eyes here mentioned, the heart of an animal is obferved to
be agitated with violent and quickly repeated convulfions
when it is pricked with a fharp inftrument immediately up~
on opening the thorax; and, if any other mufctle of a
living animal be laid bare; it will; by irritating its fibres
or

1 Traité du coeur vol, 1. p. 453,
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Tuese verydifferent effe@s of fimuli on dif-
ferent mufcles and organs of the body, which
I may venture to pronounce altogether inex-
plicable upon any mere mechanical theory,
are eafily accounted for from the principles
already laid down: for if the contra&ion of
an irritated mufcle be owing to the uneafy fen-
{ation excited by the fimulus, as often as the
firft contraction does not remove this, the mu-
{cle will be agitated with alternate convulfions,
as being moft proper to throw off the irri-
tating caufe. If indeed, by the firft contra-
&tion, the difagreeable fenfe of irritation be
quite removed, no further motion follows ;

but

or membranes, bebrought into alternate contraltions. A
Slimulus therefore applied to the mufcles of animals excites
them, if it be any way confiderable, into alternate repeat-
ed contrations, whether the animals be alive or newly kill-
ed; only the convulfions in the former cafe are ftronger
and more remarkable than in the latter. Nay, it will be
difficult to reconcile this fuppofed difference in the effect
of an irritation on the mufcles of living and newly killed
animals, with the principle which the Dr. himfelf lays
down, namely, that the contration of an irritated mufcle
is owing to the reaction of the animal fpirits lodged in its
fibres, in confequence of the action or impreflion of the fimu-
fus upon them ; for there does not appear any reafon why the
reacting power of the animal fpirits thould continue to
exert itfelf longer or more remarkably in the mufcles of
dead animals, than in thofe of living ones.
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but if it {till remains, new convulfive contra-
¢tions fucceed, and continue to be repeated
alternately, till the fimulus either ceafes en-
tirely, and is no longer felt, or becomes too
weak to produce a new contraion. But
where the contrattion of any mufcle caufed
by the action of a flimulus on a neighbouring
part, would, if it was alternate, neither tend
to remove the irritation, nor render the mind
lefs fenfible of it, there no fudden relaxa-
tion follows, but the mufcle remains equably
contracted as long asthe ftimulating caufe con-
tinues the fame. Let us now fee how this
general doétrine can be applied to the different
fpontaneous motions of animals.

THE alternate contractions and relaxations
of the mufcles of refpiration in fheezing, are
moft wifely adapted to remove the irritating
caufe from the membrane of the nofe, and
to leflen the uneafy {enfation arifing from it:
if, by the air firft ftrongly infpired, and im-
mediately after more forciblyexpelled through
the nofe, the fimulus affeCting its nerves be
removed, no new contraGion enfues; if not,
the a&ion of fneezing is ftill repeated, till the

titillation in the nofe ceafes, or becomes too
weak
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weak to produce a new convulfion. In fnee-
zing, 1infpiration is only performed in order to
make way for the {ucceeding violent expira-
tion, . which moft effectually removes the un~
eafy {fenfation or irritating caufe; at the fame
time the ftrong and {udden contrattion of the
in{piratory mufcles, acts partly as'a kind of
fimulus in exciting the fubfequent convulfive
motion of the expiratory ones.——The al-
ternate contractions of the diaphragm in the
hiccup, and of the mufcles of refpiration in
coughing, evldently tend to remove or Ieﬁ'en
the uneafy fenfation in the gullet and r?'ac,be;z,_
and are therefore not continued, but interrupt-
ed by alternate relaxations, On the other
hand, a i’crong irritation of the mfg/?z?zﬂm re-
&tum, from too great a quantity of excrement,
caules a cantmued contraction of the abdcrml-
nal mufcles and dmphragm, becaufe in thzs
cafe the contraction of thefe mufcles has no
effet to leffen the uneafy fenfatmn, tlll the
fcfff‘j are expelled. ’Tis true indeed that when
one is coftive, feveral efforts of the dlaphragm
and abdominal mufcles are required before
any of the excrement is expelled but the
action of thefe muicles is in this cafe inter-
rupted
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rupted, not onaccount of the irritation in the
reétum, but in order to carry on refpiration,
which cannot long be interrupted without cau=
fing a moft uneafy fenfe of fuffocation in the
lungs, by which we are more ftrongly affect-
ed than by the flimulus of the jfaces.

THE caufes which produce the ere@ion of
the penzs ¥, though they be generally excited
into action by the fimulus of the {eed, yet do
not a¢t by alternate fits, becaufe the eretion
has no immediate effect to leflen the ftimula-
ting caufe: but the contraction of the mufculi.
efaculatores feminis is alternate, becaufe by each
convulfive motion, the femen, i. e. the irri-,
tating caufe, is expelled. The orbicular
mufcle of the #wvesz, and the muicles of the
snalleus and flapes, remain equally contracted,
while the fame degree of light and found is
applied to the eye and ear, becaufe their con-
traction does not hinder thefe caufes from
ating uniformly and equably upon the reting
and auditory nerve; but no fooner is more or
lefs light applied to the eye, or a fironger or
weaker found to the ear, than thefe mufcles

are more contracted or fomewhat relaxed.—
‘vViEI;

# Sedt. vi. N° 4. above,
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With refpeét to the heart, as the returning
blood or irritating caufe is alternately recei-
ved into its cavities and expelled out of them,
it is eafy to fee why it thould, like the ¢acu-
latores [eminis, be agitated with regular alter-
nate contractions, And as by the fj/ffole of e-
very {mall portion of the guts, the air, ali-
ments, &¢. are pufhed into the fucceeding
ones, the motion here muit alfo be alternate ;
only not {o equable and regular as in the heart,
where the alternate ation of the irritating
caufe 1s more uniform and unvaried,

WHEN the fibres of a muicle are irritated,
by tearing -them with a fharp inftrument or
otherwife, a ftrong convulfive contraction in-
ftantly enfues ; which is fuddenly followed
by a relaxation, becaufe an uniform continued
contraction would not be fo well fitted to
drive off the offending caufe from the mu-
{cle as alternate contraions and relaxations :
and we are fo framed by the all-wife Au-
THOR of nature, as {pontaneoufly, and with-
out any previous reflexion, to perform thefe
motions and a&ions which tend moft effe&tu-
ally to the prefervation of our bodies. It is

probable, however, that the alternate relaxa-
- tions

al g
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tions of irritated muicles may be owing to
the uneafy {enfation’s being fome way leflened
by each contraction *, on account of which,
the fentient PRINCIPLE, as being now lefs af-
feted, immediately allows the mufcle to be
relaxed. This is manifeftly the cafe in the
hiccup, where the convulfions of the dia-
phragm weaken or fufpend, for fome little
time, the fenfe of irritation in the inferior
extremity of the gullet. The relaxations,
- however, of ftimulated mufcles do not laft fog
any confiderable time, but are quickly fuc-
ceeded by new contractions, becaufe the pain-
ful fenfation foon begins again to affe@t the
mind more ftrongly : but as the irritation be-
comes gradually weaker, thefe alternate contra-
¢tions will not only grow feebler, but fucceed

one

* If any one doubts that the difagreeable fenfation, ex-
cited by the irritation of a mufcle, will be lefs fenfibly per-
ceived during its contraction, let him confider that brutes,
by the motion of their panniculus carnofus, not only drive
off moft effectually flies and other infeéts which vex them,
but, by the very action of this muicle, feem to be rendered
lefs fenfible of the tickling.— That friction of a part leffens,
in the mean time, any itching or painful fenfation init. And
that people, whofe bodies are uneafy, often change poftures,
becaufe during the motion of the parts neceffary to this
change they are lefs fenfible of the uncafinefs,
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bhe another more flowly ; for while the irri-
tation is ftrong, the mufcle is no fooner re-
laxed, than its contration is immediately re~
newed : whereas a weaker fimulus requires
a longer time to operate, before it caufes fuch
an uneafy fenfation as is requifed to produce
a convulfivée contrattion of the part. Thus
when the thorax of a living animal is laid o-
pen, and the heart is pricked with a fharp
inftrument, its contractions are greatly quick-
ened ; nay, they return {o frequently, thait,
during their remiffion, very little blood enters
the ventricles. Hence the fides of the heart
make very {mall motions at firft, nor are ever
fully dilated, their contra&tions being repeat-
ed almoft as foon as their diaffole begins ; but
when the impreffion of the fimulusbegins to be
weakened confiderably, the contractions and
relaxations of the heart being peiformed more
flowly, the blood has time to dilate the ven-
tricles more, whofe fides, therefore, now
make larger and more fenfible motions.
From what has been faid, it is eafy to fee,
why, if the blood be rendered acrid, or the
heart much more irritable than ufual, the
pulfe becomes fmall, fluttering and quick.
WHILE
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WiiLe therefore the voluntary muicles,
which are contracted in cnrifequence of an
effort of the will, remain in that ftate as long
as the will contihues to deterihine the influence
of the nerves into their fibres; irritated mu-
fcles, whofe contraction is owing, not to will
or choice, but to an unealy fenfation, are en-
tirely regulated by this; and as each contra-
¢tion ténds to leflen the difagreeable perce-
ption, they will be agitated with alternate con-
vulfions. '

Uron the whole, as natute never multiplies
caufes in vain, it feems quite unphilofophical
to afcribe the motions of the mufcles of ani-
mals from a flimulus to any hidden property
of their fibres, peculiar a@lvity of the ner-
vous fluid, or other unknown caufe; when
they are {o eafily and naturally accounted for,
from the power and energy of a known fen-
tient PRINCIPLE,

| 53 SR MET
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8 i ot 6 B
Of the fhare which the mind bas in producing

the vital and other involuntary motions of
antmals.

HAT all the motions of animals were

by fome of the antient philofophers a-
{cribed to the energy of a living principle
wholly diftin&, as to its nature, from the
body, the paflage of Cicero prefixed to this
Effay clearly thews. And it was the difficulty
of accounting for the motion of the heart
from mechanical principles alone, which
made no lefs a Philofopher among the mo-
derns than Borelli doubt, whether it were
not rather owing to the mind, than to any
natural neceffity arifing from the ftru¢ture of
this organ or its nerves *. The great Mr.
Leibnitz, in aletter to Michellotz, goes {till fur-
ther, and {uppofes that the natural motions
may be owing to fome impreflions made on
the mind, although we are no way confcious
of

* De motu animal. part. 2. prop. 79. & 8o.
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of thefe *. Itis true Dr. Stabl, by extendin g
the influence of the foul, as a rational agent,
over the body a great deal too far, and thus
carrying this doétrine beyond all reafonable
bounds, has been the occafion, why it has
rather for many years been looked upon
as a fubject of ridicule, than deferving a feri-
ous and rational anfwer. However, that the
motion of the heart and circulation of the
blood, are altogether inexplicable upon prin-
ciples purely mechanical, there are arguments
a priori which feem to demonftrate . But,
as this kind of reafoning is apt to render us
too prefumptuous, and frequently betrays

us

% Michellot. de feparatione fluidor. p. 351.

Indeed, ftriclly fpeaking, it is inconfiftent with Mr,
Leibnitz’s principles to afcribe any of our motions, either
voluntary or involuntary, to the mind ; fince; according to
his pre-eftablithed harmony, the foul neither afts on the
bndy, nor is affected by the impreflions of external objelts,
This ingenious fable, however, which novelty, I fuppofe,
at firft recommended, has been fo fully refuted by Mr.
Bayle and others, as to make it needlefs for us to attempt
to fhew its weaknefs : but we cannot help obferving, that
it is matter of wonder how a dotrine, which explains no-
thing, and is loaded with fo many difficulties, fhould ftill
have any advocates.

+ See Edinburgh Medical Effays, vol. 4. art. 14. where
an argument of this kind is propofed with great ftrength
and perfpicuity by my ingenious friend Dr. Porterfield.
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us into error and miftakes, we fhall further
endeavour to vindicate this opinion from
‘the moft plaufible objections which may be
brought againft it; and at the fame time thew
by a variety of arguments @ pofferiori, chief«
ly of the analogical kind, that the vital, as
well as the other involuntary motions of ani-
mals, are dire@tly owing to the immediate
energy of the mind or fentient principle.
Tue chief power propelling' the blood
through ell the veflels of the body, is the
-contrac¢tion of the heart.  But from Dr.
Hales's experiments it appears, that, in every
circulation, the blood lofes -% of the momen.-

éum communicated to it by the left ventricle
of the heart *; whércfore, there muft be in
every animal fome caufe, which repairs this
lofs of motion arifing from friction, &e. 7.e.
a caufe generating motion : but, as has been
obferved above, matter, in its own nature
mert, 1s incapable of this. Further, fuch a-
nimals as lie in a dead inactive ftate during
the cold winter-feafon, and whofe blood
has loft all its motion, may at any time be re-
ftored to life by warmth, which rarifying

‘ their
* Statical Effays, vol. 2. et

PRI
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their ftagnating fluids, and communicating
to them a {mall degree of inteftine motion,
excites the heart into action ; whofe motion,
though it be at firft very languid, yet gradu-
ally gains ftrength, till at laft 1t arrives at its
wonted vigour. As, in this cafe, the renewal
of the heart’s motion, and its gradual increafe,
cannot be explained from any mechanical
principles ; fince we have not only a caufe
producing an effect greater than itfelf, but alfo
an effet increafing by degrees, and, as it
were, of its own accord : it follows, that there
is in thefe animals fome living principle, which
being, by the flzmulus of warmth, roufed, as
we may fay, out of a ftate of indolence, brings
into gentle contractions the finus venofi, au-
ricles and ventricles of the heart ; which are
parts of the body moft fenfible of the irrita-
tion of the fluids when rarified and agitated
by heat.

Tue contralion of the heart, fo far as it is
owing to a material caufe, {feems to proceed
from the derivation of the nervous influence
into its fibres : but as, perhaps, ' part

of the blood thrown out by the left ventricle

of the heart, does not return to it again in
the
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- the form of vital {pirits, as they g'e called ; and
as the motion of this fluid muft be incredibly
diminifhed by its paffage through the vaftly
{ubtile veflels of the cerebellum, &e¢. there can
be no force in thefe {pirits derived from the

laft fyffole of the heart fufficient to produce a.

new contraction of this mufcle, fince no caufe
can generate an effect greater than itfelf.
AcgaiN, The human body, in which there
is no mover that can properly be called
FIRST, or whofe motion depends not on fome~
thing elfe, is a fyftem far above the power of
mechanics. The contra@ion of the heart is
indeed the caufe of the blood’s motion, and
confequently of the fecretion of the {pirits
(as is fuppofed) in the cerebellum, &e. ; but
without thefe {pirits, this action of the heart
could not be performed : thefe two caufes,
therefare, truly a&t in a circle, and may be
confidered mutually as caufe and effe&.
Whence it is incumbent on thofe Philofophers
who afcribe the heart’s motion to mechanical
caufes alone, to demontftrate the poffibility of
a perpetuum mobile, fince, as long as life lafts,

an animal is really fuch. But as a perpetual -

motion is, in the opinion of the ableft Phi-
lofophers,

R
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lofophers, abcarc the powers of mechanifm,
 and inconfiftent with the known laws of mat-
ter and motion *, we muft be allowed to
conclude, that the contraction of the heart,
and the propulfion of the blood through the
body, and confequently the continuance of
life, are not owing to any mechanical or even
material caufes alone, but to the energy of a
living principle capable of generating motion.
How far the mind is really concerned in
the motion of the heart, may eafily appear
from what has been already offered in the
preceding Sections ; where, I hope, it has
been fhewn, beyond all doubt, that the con-
traction of the heart is owing to the return-
ing venous blood ating as a fimulus upon it,
as well as made highly probable, both from
reafon and analogy, that a fimulus excites
our mufcles into motion, only as they are ani-
mated by a fentient principle. Whence it
muft follow, that the alternate contra&ions
of the heart are in no other {fenfe owing to
the irritation of the returning blood, than as
| the

* <« Ex calculo mechanico liquet omnem de motu per-

¢ petuo quzitionem eo redire, ut inveniatur pondus feipfo

“¢ ponderofius, vel vis elaftica feipfa fortior.,””  Clarkii nots
in Rohault. phyfic. § 1. cap. 22,
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the mind or fentient principle s, by this, ex-
cited to determine the influence of the nerves
more cnpmuﬂy into its fibres.

Turs do&rine of the alternate contra&ion
of the heart being owing to the power of the
mind, excited into adtion by the fimulus of
the returning venous blood admitted into its
cavities, is greatly ftrengthened by the ac-
count we have given of the alternate motions
of refpiration, of the contra&ions of the mu-
{cles of the internal ear and of the pupil.
Thefe we have clearly thewn to proceed from
the mind, as affected by a _ffimulus, and to be
altogether inexplicable upon principles mere-
ly mechanical. - The firft of thefe motions
(viz. refpiration) agrees with that of the heart,
in being performed whether we attend to it
or no, and whether we fleep or are awake;
though it differs from the heart’s motion, in
‘being partly under the dominion of the will.
The motions of the z7is from light, and of
the muicles of the ear from various founds,
differ from thofe of, the heart, both as they
are not vital, nor continually and alternately
excited by caufes within the body, but owing

- to external caufes acting at particular times
on
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on the organs of fight and hearing: thefe
mufcles, however, exactly agree with the
heart in this, that their motions are altoge-
ther involuntary, and cannot be controuled
by any immediate effort of the will. Since
then, in the mufcles of refpiration, we have
an inftance of a vital, though not altogether
involuntary motion; proceeding from the
mind ; and, in the mufcles of the #vee and
ear, examples of motions, which, though
not vital, are yet wholly iriveluntary, owing
to the fame caufe; may we not, if it be in
the leaft allowable to argue from analogy,
{afely conclude, that the contraction of the
heart, which is both vital and involuntary, is
ultimately to be referred to the fentient prin-
ciple excited to put this mufcle in motion by
the irritation of a material caufe ating upon
it alternately? What has been faid of the
motion of the heart, as proceeding from the
mind, is equally applicable to the periftaltic
‘motion of the ftomach and inteftines, and to

the reft of the vital or involuntary motions.
ArtHouGH what has been already offer-
ed, might be fufficient to fhew, that all the
M m mogions
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motions of animals, involuntary as well as
voluntary, are fome way owing to the mind ;
yet as this doctrine mayappear to fome, who
have always been ufed to think in a different
way, as befet with many difficulties; and
as there may not be wanting thofe, who are
unhappily more tenacious of received opi-
nions than willing to embrace {uch as are
true; we fhall’ briefly obviate fome of the
ftrongeft objetions, which, at firft fight,
feem to lie againft it; and this we fhall do
the more willingly, as an opportunity will
hence be afforded us of illuftrating, ftill fur-
ther, thenature and caufe of the involuntary
motions of animals.

Objection I. It may be faid, that, while
we afcribe the vital and other involuntary mo-
tions of animals to the mind, we, in fa&,
attribute them to a power, whofe nature and
manner of acting we are ignorant of *,

Anfwer. TuAT there is united to the bo-
dies of men and animals an active, living,
fentient principle, which is the caufe of vo-
luntary motion, it may be hoped there are-
few Philofophers, now a-days, fo MINuTE

as
* Senac Traité du coeur, vol. 1.p. 441. & 445.
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as to deny : and, if it be thought no abfurdi-
ty to afcribe voluntary motion to the energy
of the mind, though we do not underftand
its nature or manner of operation, why thould
it be reckoned fuch, to derive the vital and o-
ther involuntary motions from the fame fource;
efpecially, when a variety of phenomena and
the ftrongeft analogy concur in fupporting
this opinion? That there is fuch a thing as
gravity, or attraction betwixt the parts of
matter, is a thing not to be doubted of, be-
caufe we. fee its effects, though its caufe be
unknown : and, if Philofophers make ufe of
this power everyday, with the greateft juftice,
in order to explain the phenomena of nature,
why fthould it not be thought equally reafon-
able to have recourfe, in accounting for the
motions and ations of an animated body, to
the power and energy of the mind, which
we are fure is always prefent with it, and in
numberlefs inftances operates upon it? In an
attempt to account for the furprifing operati-
- ons and effe@s of an inanimate machine, it
would be thought highly ridiculous to have
recourfe to the agency of an immaterial living

principle: and muft it not be equally fo, to
banifh
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banifh the confideration of mind in explaining
the phanomena of an animated fyftem; or to
endeavour to deduce its moft remarkable mo-
tions from the mere material part ?

Turre is no need of underftanding the
nature of the foul, or the way in which it
a&ts upon the body, in order to know that the
yital motions are owing to it: it is fufficient,
if we know from experience, that it feels, is
endued with fenfation, and has a power of
moving the body *. | |

Every attempt hitherto made towards de-
ducing the vital motions of animals from
powers wholly material, has been unfatisfa-
&ory; and, I may venture to fay, will be for
ever vain : fince it has not only been proved,
that they are above the force of ‘mechanifm,
but alfo that the {uppofition of any mere ma-

| | terial

* The reader will eafily perceive, that the objection a-
gainft deriving the vital motions from the mind, becauf
we are not fully apprifed of its nature and manner of a&t-
ing, may be retorted with double ftrength upon thofe, whe
afcribe the contraction of the heart to fome latent power
in it, or to the ofcillations of an unknown fuid fuppdﬁ;&
to be lodged in its fibres and nerves *,

¥ Senac traite du coeur, vol. 1. p. 434, & 452.
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terial power’s being their caufe, is by no means

{uitable to the phenomena we obferve. Nor
can I conceive the reafon why Phyficians have
laboured f{o long in accounting for the action
of the heart and other vital motions of ani-
mals, from the powers and properties of body
independent of mind : if it be not, that in
fome, the leaven of Cartefianifm {till conti-
nues to work ; in others, a too great fondnefs
for mechanical reafoning in Phyfiological mat-
ters; and in both, a contempt of the extra-
vagant flights of S7ah/ and his followers, with
regard to the manner in which the mind re-
gulates all the actions of the body *.

Many

* T have not met with any author, who has embraced
the STAHLIAN doftrine with lefs referve, or carried it
to a more furprifing height, than Dr. Nicholls, in his ele-
gant Przletion de Anima medica.  According to him, the
foul at firft forms the body, and governs it ever after, car-
rying on and ri]guiating all its vital and natural motions ;
diftributing the fluids with greater or lefs force to its feveral
parts, and exciting in them, from time to time, fuch com-
motions and changes, as the fees moft proper for removing
their various diforders.—He afcribes it to the prudence of
the foul, that the femen is not perfetted in males, till the
body hath acquired ftrength and vigour fufficient for the
wm'{( of generation: and he finds a wonderful inftance of
her fagacity, in the flow and gradual eruption of the fmall-
pox; as the force of the difeafe is hence divided, and its
.danger greatly leflened. When the body is difordered,

CL
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Many Philofophers have fuppofed two dif-
tin@ principles in man ; one of which has
been called the anima, or foul ; the other, the
animus, or mind : by the former, they under-

ftood

or exhaufted with fatlgue, the foul frequently hides her-
felf in fleep, and retires from external things, in order
that {he may be more at leifure to recruit the bady, or to
rectify wh1t has happened amifs in it; and hence the
inclination to fleep after child-bearing :  hence, alfo, the
frequent fleeping of infants 5 ‘whofe anima, it feems, is fo
taken up with direlting and governing the vital moti-
ons, that it has little time to attend to any thing elfe, —
‘T'he foul, however, feems to neglect, in a great meafure,
this province, as often as fhe is too much diftracted with ex-
ternal things; and hence it is, that health is fo much im-
paired by fear, forrow, love, and other more violent paf-
fions: nor is the without her wilful and froward fits; as
appears from her fending the milk back into the blood from
the breafts of pregnant women, whofe festufes the had
only fancied were fuddenl}f dead, and from her not deri-
ving into them again thofe nc-unihing {treams, when living
children are reafllb born ; as if, for her part, fhe had rather
they were ftarved, than that (he herfelf fhould feem to have

. .___
I S ..r.-'.nid

been under mi{takes ——In fevers, the fudden failing of the -

firength and pulfe ought, we are told, to be regarded by
us as figns of the defpairing foul’s difcontinuing her care
of the body, and being foon about to relinquith it: nay,
fometimes, like a mean and filly coward, {he finks even
under fuch dileafes, as, in their own nature, are not at all
deadly ;5 and, through falfe alarms, fhe is either thrown in-
to a great hurz'],i and trepidation, which urges her to make
wild work of it, and to do much mifchief; or elfe fhe be-
comes Very backward and remifs in her endeavours to pre-
ferve the body, and, asif it were a FIELD not worth keep-
ing, foolifhly deferts it: though, were fhe but always WIJEE
“enoug
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ftood the principle of life and fenfe influen-
cing the vital motions ; and by the latter, the
feat of reafon or intelligence. According to
them, we have the amma, or vital and {en-

tient

cenough, and, neglecting things of lefs moment, were folely
intent on the prefervation of the body, fhe could, if we may
believe the Doctor, not only prevent difeafes, as far, at leaft,
as they proceed from internal caufes, but protract alfo the
life of man, it may be, to a thoufand years: a TERM

~greatly beyond what the Apepts promifed themfelves
from their aurum potabile, or UNIVERSAL REMEDY !

But, as this account of the agency of the foul, and of
its power over the body, fcarcely feems to demand a feri-
ous anfwer, I fhall only obferve, that to imagine the foul
fhould, with the wifeft views and in the moft {kilful man-
ner, at firft form the body, (a work far above the utmoft
efforts of human art and contrivance ! ), and afterwards,
when it is difordered, fhould, with the fame fkill and wif-
dom, often remedy the evil, and reftore it to a found ftate;
but finding it in the end, or fometimes fufpetting it only,
to be no longer tenable or comfortable, thould, inftead of
repairing, either whimfically or wifely defert it: to con-
ceive, I fay, of the foul as performing all this, without, in
the mean time, being confcious of fuch intentions, or of
the exertions of its power in purfuance of them, is at leaf}
as great a {tretch of fancy, as to fuppofe, that an able ar-
chite& might raifc a ftately edifice, in which nothing thould
be wanting that could contribute either to its ufefulnels ar
ornament ; that he might frequently make good fuch da-
mages as it fuftains from the weather, or from the decay
of any of its materials ; and at laft, apprehending it to be
in danger of falling, might abandon it; without being at
all aware of ever having once exercifed, either his fkill in
contriving, erecting, and repairing it, or his pmdence'in
quitting it, when, as he thought, it was ready to bury hinx
in its ruins.
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tient foul, in common with the brutes; but
the animus, or mens, which is of a more ex-
alted nature, is proper to rational creatures
alone *,

SomEe modern Materialifts have imagined
the anima to be no other than a more fubtile
kind of matter lodged, chiefly, in the braiii
and nerves, and circulating with the grofler
fluids. But fuch {pirits, or fubtile matter, can
no more be acknowledged the vital principle
or fource of animal life, than the blood from
which they are derived ; and fill with lefs
reafon can this material @nzma be fuppofed en-
dued with fenfe, fince matter, of itfelf, and
unactuated by any higher principle, is equal-
ly as incapable of fenfe or perception, plea-
fure or pain, as it is of felf-motion. Indeed,
a few anthors have run even fuch lengths, as
to fuppofe the very animus, or rational foul
it(elf, material : but furely the powers and
faculties of the mind are not to be found in
matter, or in any of thofe principles, or ele-
ments, whereof either the antients or mo=
| derns

* Indulfit communis conditor illis
Tantum animas, nobis animum quogue.

JuvENAL, Sat. 15. lin. 148. & 149.
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derns have imagined it to confift: fire itfelf;
the moft fubtile and active among thefe, be-
ing as incapable of thought and reflexion, as
water or earth, the moft fluggith *: and in
what manner {elf-motion, fenfe or reafon can
pofiibly refult from the figure, connexion, fi-
tuation or arrangement of the various parts
of the body; (without fuppofing a mind) is
a point which the abettors of Materialifm, to
their confufion, Willneverbe able to clearup+.
As I cannot therefore agree with thofe; who,
in afcribing all our powers to mere matter,
feem willing to deprive us wholly of mind;
{o neither, at the fame timé, do I fee anyrea-
fon for multiplying principles of this kind in
man: and, therefore, I am inclined to think the
N n anima
% « Animorum nulla in tefris origo inveniri poteft.
¢¢ Nihil enim eft in animis mixtum atque concretum, aut
¢ quod ex terra natum atque fictum efle videatur: nihil
¢ neaut humidum quidem, aut flabile aut igneum. His
¢¢ enim in naturis nihil ineft, quod vim memoriz, men-
¢ tis, cogitationis habeat, quod et praterita teneat, et
<¢ futura provideat, et completi poflit prefentia”. Ci-
cero in T'ufculan. difput. lib. 1, | _
See alfo, in proof of the immateriality of the foul,
Dr. Sam. Clarte’s defences of his letter to Mr. Dodwell,
where Perfpicuity, Metaphyfics, and found Philofophy,
are happily united.

+ ¢ Membrorum verd fitus et figura corporis, vacans

“ animo, quam poflit harmoniam efficere non video”.
Ciceron, ‘Tufculan, difput, Jib. 1.
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anima and animus, as they have been termed,
or the fentient and rational foul, to be only
one and the fame principle acting in different
capacities. = Nay, Epicurus himfelf, according
to Lucretius, did not look upon thefe two as fe-
parate beings, but regarded the mind as a kind
of mouvement produced by the anima or foul *.
TuAT. the involuntary motions in man are
not owing to a principle diftin&t from the ra-
tional mind, feems evident, from the mufcles
and organs, whofe action has been generally
afcribed to the anima, being, in many cafes,
fubjet to the power of the animus or rational
principle; as well as, on the other hand, from
the motions of the voluntary mufcles often
becoming involuntary, or independent ‘upon
the will. Thus the diaphragm;, whofe mo-
tions in the hiccup are altogether involuntary,
and in ordinary refpiration go on without our
confcioufnefs of them, is neverthelefs {ubjet
to the immediate influence and dire@ion of
the mind ; fince its motions in breathing can,
by an effort of the will, either be augmented
- or

* Nunc animum atque animam dico confunéla teneri

Inter fe, atque unam naturam conficere ex fe.
LucreT. lib. 3, verl. 137. & 338.
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or leflened, retarded or accelerated. The
evacuation of the #nteflinum rectum and uri-
nary bladder, which, when the fimulus is
gentle, is in part voluntary, becomes alto-
gether involuntary and convulfive, when the
irritation is greater.—The eye-lids, which the
mind feems to have a full power over, move,
commonly, not only without our attention
but, in fome cafes, even againft every effort
of the will to the contrary.—The a&ion of
the acceleratores urine is voluntary in expel-
ling the laft drops of urine; but in expelling
the femen, it is involuntary.—The contraction
of the Pupil, which, in order to diftin& vifi-
on, is voluntary, becomes altogether involun-
tary when owing to the light. In fhort,
there is not a voluntary muicle in the body,
whofe motion does not become involuntary, as
- often as it is either direétly, or from its con-
fent with fome neighbouring part, affected
by any confiderable [ffzmulus: if the irritation
be very gentle, we ftill retain a greater or
lefs power over the mufcle; but when it be-

comes ftronger, we lofe all this power.
FurTHER, in man the {entient and rational
principle muft be acknowledged to be one;
fince
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fince we are all confcious that what feels,
reafons, and exerts itfelf in moving the body,
is one and the fame, and not diftin¢t beings.
1t is the mind, therefore, that feels, thinks, re-
members and reafons ; which, though one
principle, is neverthelefs poflefled of thefe dif-
ferent powers, and acts in thefe different ca-
pacities : nay, fince memory is as widely dif-
ferent from the prefent perception of ideas, or
the exertion of the will in order to aétion, as
fenfe is from reafon, it might with equal
propriety be maintained, that we are endued
with four fouls, namely, with a rational, a
reminifcent, an active, and a fentient one, as
that we have two. In brutes of the loweft
kind there is evidentlyafentient principle; but
it feems to be wholly devoid of reafon or intel-
ligence : in thofe, however, of a higher clafs,
we can perceive faint traces of fomething
like what we call reafon and reflexion in man.
Why, therefore, may not the human mind,
which enjoys all the powers belonging to the
{ouls of the inferior creatures, and has alfo
reafon {uperadded to thofe powers, be allow-
pd {fometimes to act as a fentient, and at other

timgs__
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times as a rational being, 7. e. in different ca-
pacities ?

BuT, if any one yet contends, that the {en-
tient principle, governing the vital motions,
1s different from the rational, I fhall not think
it much worth while to difpute the matter
with him: fince whatever is advanced, in
the prefent Essay, upon the fubject of the
involuntary motions of animals, will hold
equally true, whether the fentient and ra-
tional foul be {uppofed diftin&, or otherwife.

However, although we conceive it to be
the moft probable opinion, that the fentient
and rational principle in man are one and the
fame; yet we think it a very clear point, that
the mind does not, as Dr, Sfgh/ and others
would perfuade us, prefide over, regulate,
and continue the vital motions, or, upon ex-
traordinary occafions, exert its power in re-
doubling them, from any rational views, or
from a confcioufnefs that the body’s welfare
demands her care in thefe particulars: for
infants, ideots, and brutes of the loweft kind,
(which laft are certainly deftitute of reafon),
perform thefe motions in as perfect a manuner
as the wifeft Philofopher; and the mind,

when
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when life is endangered by the too violent eir~
culation of the blood, neither does, nor can
moderate the heart’s motion. If the contraction
of the heart were owing to any previous de-
duétion of reafon, or conviction of its being
neceflary to the continuance of health or life,
the mind ought to have a power of reftrain-
ing the uniform motions of its auricles and
ventricles, or of repeating them at fhorter or
longer intervals, notwithftanding their ha-
ving become, like thofe of the eyes, in 2 man-
ner neceflary through long habit ; for though
we cannot, indeed, move our eyes in every
different direction, yet we can reftrain or

vary their uniform motions as we pleafe.
FurTHER, if there were any exercife of
reafon neceffary to the continuance of the vi-
tal motions, the mind certainly ought to be
confcious of this; fince, in every ratiocination
refpeGting action, there muft firft be a com-
parifon of things, and then, in confequence
of this comparifon, a preference or election :
but, I believe, few fPhilni’ophers will be found
hardy enough to maintain, that the mind can
compare two, or more ideas, and thence form
certain conclufions and determinations, with-
out
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sut being {o much as confcious, in any degree,
of what it has been all the while employed
about: for though, when we are folicitoufly
engaged in any action, deeply involved in any
thought, or ftrongly hurried away by any paf-
fion, we may often be unconfcious of the im-
preflions made by material caufes on the or-
gans of {fenfe *; yet we cannot but be fenfible
of the ideas formed within us by the internal
operation of ourminds, becaufe their very ex-
iftence depends upon our being confcious of
them, and is at an end, as foon as either we
attend not to, or forget them: to fay there-
fore that fuch ideas may be formed and exift
in the mind without confcioufnefs, is, in ef-
fect, to fay that they may, and may not exift at
the fame time; = than which nothing can be
anore abfurd.

FUurRTHER,

* To avoid all metaphyfical difputes about different de-
arees of confcioufnefs; Idefire it may be underftood, that
hereand in other parts of this Effay, whenI fay weare
hot confcious of certain impreflions made on the mind by
the action of material caufes on the organs of the body,
I mean no more, than that we have no fuch confcioufnefs
or perception of them, as either convinces us of their ex-
iftence when prefent, or enables us, by the help of me-
mory, tq recall them when paft. :
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FuRTHER, the motions excited by any pain;
or irritation, are {o inftantaneous, that there
can be no time for the exercife of reafon, or
a comparifon of ideas in order to their per=
formance; but they {eem to follow as a necef-=
fary and immediate confequence of the difa*
greeable perception. And as the DE1Ty feems
tohaveimplantedin our minds 4 kind of sENsE
refpeting Morals; whence we approve of
fome actions, and difapprove of others, almoft
inftantly, and without any previous reafoning
about their fitnefs or unfitnefs; a FAcUrLTY
of fingular ufe; if not abfolutely neceflary
for fecuring the interefts of virtue among fuch
creatures as men ! fo, methinks, the analo-
gy will appear very eafy and natural, if we
fuppofe our minds fo formed and connected
with our bodies, as that, in confequence of a
Shimudus afte&ting any organ, or of an uneafy
perception in it, they fhall immediately excite
fuchi motions in this or that organ, or part of
the body, as may be moft proper fo remove
the irritating caufe; and this, without any pre-
vious rational conviGion of fuch motions be-
ing neceffary or conducive to this end:. Hence,
men do not eat, drink, or propagate their

kind,
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i-;i-nd,. from deliberate views of preferving
themfelves or their {pecies, but merely in con-
fequence of the uneafy fenfations of hunger,
thirft &e. |

Tue mind, therefore, in producing the vi-
~tal and other involuntary motions, does not
act as a rational, but as a fentient principle;
which, without reafoning upon the matter,
is as neceflarily determined by an ungrateful
{enfation or flzmulus affeCting the organs, to
exert its power, in bringing about thefe moti«
ons, as is a balance, while, from mechani-
cal laws; it preponderates to that fide where
the greateft weight prevails.

Tue general and wife intention of all the
involuntary motions, is the removal of every
thing that irritates, difturbs, or hurts the bo-
dy: hence, thofeviolent motions of the heart,
in the beginning of fevers, {mall-pox, mea-
fles, &c. when frequently the blood, from
its being affected by the mixture of {ome pe-
culiar miafina, alts asa ftronger flzmulus than
ufual upon this organ. Neverthelefs, as, in
many inftances, the very beft things may, by
excefs, become hurtful; fo this endeavour to

free the body, or any of its parts, from what
O o | 18
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is noxious, is unhappily, fometimes, fo {trong
andvehement, as to threaten the entire deftru-
&ion of the animal fabric. But, in the main,
this FaAcuLTy muft be confefled highly ufe-
ful and beneficial ; fince, without it, we thould
conftantly have cherifhed in our bodies the
lurking principles of difeafes, flowly indeed
and byimperceptible degrees, but not lefs fure-

ly, ruining our health and conilitutions.
Upron the whole, there feems to be in man
one fentient and intelligent PrINCIPLE, which
is equally the fource of life, fenfe and moti-
on, asof reafon; and which, from the law
of its union with the body, exerts more or
lefs of its power and influence, as the differ-
ent circumitances of the feveral organs actu-
ated by it may require. That this principle
operates upon the body, by the intervention of
{omething in the brain or nerves, is, I think,
likewife probable ; though, as to its particu-
lar nature, I prefume not to allow myfelf in
any uncertain conjectures ; but, perhaps, by
means of this conneting medium, the various
impreflions, made on the feveral parts of the
body either by external or internal caufes,
are tran{mitted to, and perceived bythe mind;
in
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in confequence of which it may determine
the nervous influence varioufly into different
organs, and fo become the caufe of all the
vital and involuntary motions, as well as of
the animal and voluntary. It f{eems to a ne-
ceflarily, and as a fentient principle only, when
its power is exerted in caufing the former;
but, -in producing the latter, it acs freely, and
both as a fentient and rational agent.

TuE bodies of brute animals are actuated
by a principle of a like kind with what is
placed in man, but greatly inferior with re-
gard to the degrees of reafon and intelligence
which it poflefles : in the more perfect brutes,
this principle is plainly intelligent as well as
fentient ; and their adtions {o evidently thew
them to be endued, not only with a ftrong me-
mory, but with reflexion and fome degrees of
reafon, that it is really wonderful to find De/~
cartes and his difciples fo far impofing upon
themfelves, as ferioufly to believe thefe were
machines formed entirely of matter, and, as
it were, fo many curious pieces of clock-work
wound up and fet a-going. Nor is it lefs fur-
prifing that the generality of Theological wri-
ters thould, till of late, have been fo far

miftaken
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miftaken in this matter, asnot to have per=
ceived, that, after once admitting all the actions
of the moft perfelt brutes to refult from mere
“mechanifm, the afcribing every thing in man
to no higher a principle, would be a natural
and ealy confequence.

In the inferior orders of brutes the appear-
ances of reafon and reflexionare more obicure;
and, in the loweft {pecies of animals, there
are no marks of intelligence, nor do we ob-
ferve them to differ otherwife from vegetables,
than as they are endued with fome degree of
fenfation and feli-motion,

O%j. 11. IT may be alledged, that the vital
motions cannot be owing to a fzmulus afteéting
the fentient principle, in the manner above
explained, fince we are not conicious of any

{fuch thing.

Anfwer. Tuis may either be owing to the
‘ gentlenefs of the irritation, or to our having
been long accuftomed to it, perhaps from the

beginning of our lives,
e« WE all know, that {fuch ideas as but
ﬂiglltly
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flightly affet us, and foon give place to fuc-
ceeding ones, are quickly forgot; nay, that
impreflions, which are very faint in them-
felves, or loft amidft far ftronger ones, are
frequently neither attended with confciouf-
nefs when prefent, nor remembered when
paft. In walking the {treets, how many per-
fons of one’s acquaintance are every minute
prefented to the mind, as their pictures are
painted on the retina ; yet if we be alone,
having our thoughts ftrongly turned upon a
particular fubject, or elfe be deeply enga-
ged in converfation with a friend, we are often
not confcious of the prefence of thefe people
when before our eyes, nor remember their ha-
ving been fo, when they have left us.—If we
turn our eyes towards the azure fky at noon-
day, we cannot, by theutmoft attentian, ob-
ferve any of the ftars ; and yet it is certain, that,
at that time, there are images of every ftar in
the vifible hemifphere formed upon the bot-
tom of our eyes: for the ftellar light muft
run through the fame torrent of {un-beams

‘to reach us in the night as in the day, allow-
ance
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ance being only made for the inconfiderable
depth of the earth’s atmofphere *,

Tae fenfation arifing from the impetuous
courfe of the blood through the pulmonary
veflels, is, ufually, fo very flight, as not to

be

* In this particular cafe, we mufteither fuppofe, that the
impreflions, made by the ftars on the retina, are {fuffocated
and loft in thofe {tronger ones made by the illuminated
atmofphere, fo as never to reach the fenforium in order to
excite any idea in the mind, or that if they do reach the
fenfory, and create correfpondent ideas, yet they are fo
drowned, as it were, in the ftronger idea, as to efcape our
attention and memory. Iam not infenfible, that there is a
real difficulty in this matter, and even fome appearance of
contradi¢tion in the laft fuppofition : for it may well be
afked, what is an idea drowned in another, but a perception
unperceived? Without pretending to decide, therefore, in
this fo very fubtile a queftion, I i%nall only take notice of
afact, which, if duly weighed, would perhaps go as far
towards clearing it up as any other confideration whatever.
It is well known Sir ffaac Newton has proved, by a beauti-
ful variety of experiments, that, from the union of fimple-
coloured rays, are formed compound-coloured ones ; forex-
ample, that a red and yellow ray mingled make an orange,
blue and yellow a green one, and fo of the reft; and that
all the fimple-coloured rays combined form a white one.
But this difcovery is by no means confined to colours as
they exift out of the mind, either in the rays of Iight, or
furfaces of bodies; but is equally true of the ideas of
colours in the mind itfelf: for it appears, by experi-
ments, that the idea of red and the idea of yellow, con-
founded in the mind by co-exiftence or rapid fucceffion,
make the sdea of orange ; the ideas of blue and yellow, that

of green. &¢. and thofe of the feven fimple colours that of
white. f
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be felt or attended to. But this is far from
being the cafe in afthmatic diforders, or af-
- ter refpiration has been fupprefled for fome
time; for, then, itis very remarkable, being
accompanied with the moft painful anxiety.—
The action of theair, aliments and bile, up-
on the inteftines, which is the caufe of their
periftaltic motion, is commonly altogether
unperceived by us; but let this frmulus be
increafed by purgative medicines, or by fharp
humours lodged in the prime vie, and it will
be felt very fenfibly.—The fimulus of light
upon the retina, which makes the pupil con-
traét itfelf, is feldom perceived or regarded,
unlefs it be, when the degree of light is much
ftronger than what the eye, immediately be-
fore, had been expofed to.—The action of the
returning blood upon the heart, though it be
ufually quite imperceptible, feems, in fome
- cafes, plainly to be felt: for people, efpeci-
ally fuch as have weak nerves, after a fudden
fright, which ‘makes the blood return more
haftily, and in greater quantity, than ufual
to the heart, are fenfible of a particular feel-
ing, not eafy to be defcribed in words, from
the heart’s being more than ordinarily affected

by
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by a furcharge of this fluid.—In various parts
of the body, pulfations, or {mall alternate
convulfions, are fometimes perceived; which;
as they keep not time with the beating of the
heart, cannot be arterial vibrations, but mufk
be the alternate contraGtions of mufcles, or;
rather, of a fmall parcel of their fibres: There
is no fenfation of a fimulus in the part before
thefe motions begin, or while they continue;
and yet; as they frequently happen to people
in good health, whofe brain and nervous {y-
ftem are found, it is more than probable that
they are owing to fome obftructing matter,
which diftracts the fibres of the f{ubtiler vef-
fels, or to acrid particles in the fluids coming
into contact with the tender nerves of the con-
vulfed part.  But,

£ THE [flimulus caufing the vital motions is
unperceived by us, not only on account of its
gentlenefs, but alfo becaufe we have been ac-
cuftomed to it from the earlieft period of our
lives. 'The force of cuftom is prodigious and
unaccountable;  what we have been long ufed
to, we become {carcely fenfible of, while
things which are new, though much more
trifling, and of weaker impreflion, affect us re-

markably.
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markably. Thus he who is wont to {fpend the
greateft part of his time in the filent retire=
ments of the country, is furprifingly affected,
upon his firft coming into a populous city,
with the noife and buftle which prevail there :
of this, however, he daily becomes lefs and
lefs fenfible, till, atlength, he regards it no
more than they who have been ufed to it all
their life-time.

THE fame feems to be the cafe alfo with re-
gard to what pafles within our bodies. Few
perfons in health feel the beating of their
heart, though it ftrikes againft the ribs, and
that too with a confiderable force every fecond
or oftener ; whereas the motion of a fly up-
on one’s face or hands, occafions a very fen-
fible and uneafy titillation.—The pulfation
of the great aorta itfelf is wholly unobferved
by us; yet the unufual beating even of a
{mall artery in any of the fingers, from an
obftruction of its veflels, becomes very re-
markable.—Although the blood rufhes into
the ventricles of the heart with a confider-
able velocity, and is thence expelled into the
arteries with a much greater force; yet we
are not confcious of fo much as one drop of

P p this



298 Of the ViTAL and

this fluid paffing that way ; otherwife the cir=

culation of the blood could not have remained
fo long a fecret to mankind. And if we are
not {enfible of the flimulus of the air, aliment
and bile upon the inteftines, which, however,
all allow to be the caufe of their vermicular
motion; nor are immediately confcious of
the action of opium upon the nerves of the
ftomach, which yet produces furprifing ef-
fects over the whole body ; why (hould it be
thought ftrange that we don’t feel the ffimulus
of the blood upon the internal furface of the
ventricles of the heart, which is much more
gentle than the laft, and which, as well as the
firft, cuftom, that fecond nature, prevailing
from the very beginning of our lives, has
rendered quite familiar and unheeded.

Uron the whole, from what has been faid,
it may fully appear, that there is no good rea-
fon for denying the vital motions to proceed
from a flimulus affe&ing the mind, becaufe
we are not conicious of this; or for imagi-
ning that the blood does not gently irritate
the heart, becaufe we don’t feel a particular
fenfation in this mufcle immediately preced-

ing every contraction of it.
0.
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Of;. 111. It may be faid, that although we
are infenfible of the fimuli affeGting the or-
gans of vital motion, either from their flight-
nefs or from cuftom; yet we ought to be
confcious of the exertion of the mind’s power
in caufing thefe motions.

Anfwer. « THAT a man may in general,
and with propriety, be called confcious of any
action, it is not only neceffary he thould per-
ceiwve it during the time in which it is per-
formed, but alfo that he be able to recollet
it after it is paft : for though one be fenfible,
while a vifible object is before him, that he
fees it ; yet if he retains not the leaft me-
mory of it after it is removed out of his fight,
he can neither fatisfy himfelf nor others that
ever he faw it. In like manner, we cannot
be called confcious of an action or volition that
is not adverted to when performed, or, as foon
as it is over, is entirely forgotten by us : for as
there are fome fenfations, either {o flight in
themfelves, or fo much weakened by the di~
verfion of our attention, that they leave no
traces in the memory ; fo there may be actions
and volitions, that are either fo faint, fo ha-

bitual,
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/ bitual, or fo much leflened amid ftronger and
more important exertions of the mind, that
they may not only be entirely and for ever
forgotten, but never fo much as taken notice
of or refleCted upon.

£ SeTTING afide, however, all metaphyfi-
cal confiderations, we may find arguments &
pofterior: futhcient to prove that the mind does
perform altions, which yet are unattended
with confcioufnefs. Thus we are not con-
fcious of any effort of the mind in caufing
thofe motions of the body, which tickling
the fides or the foles of the feet excites ; yet
it appears they in fa&t do proceed from the
mind, from the like motions being produced,
though in a lefs degree, by the fear only or ap-
prehenfion of being tickled.—Dulft, as well as
flies and {everal other infe&s pafling before our
eyes, make us thut the palpebre ; and yet thefe
motions, which certainly proceed from the
mind, are not often attended to, and feldom
remembered by us.—The contraéion of the
pupil from light, and of the mufcles of the
internal ear from found, has been fhewn to
arife from an exertion of the mind’s power,
of which, however, we are in no degree fen-
fible,~—-
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fible.—As the ere&ion of the penis often pro-
ceeds from lafcivious thoughts, it muft be a-
fcribed, in thefe cafes at leaft, to the mind,
notwithftanding our being equally unconfci-
ous of her influence exerted here, as in pro-
ducing the contrattion of the heart. The
fight, or lively idea of grateful food, is ac-
companied with a fudden and copious excre-
tion of {pittle into the mouth of a hungry
perfon: certain ideas excited in the mind are
the occafion of an uncommon flow of tears,
from the lachrymal veflels: and a nurfe’s breaft
pours out its milk when a child is brought on-
ly near it. The extraordinary motions of the
veflels of thefe parts cannot in any other way
be accounted for, than by afcribing them to
the mind; of whofe action, however, we
are no way confcious.

FurTHER, fince, in confequence of certain
ideas being excited in the mind, the ftomach
is immediately affeted with a nawfea and vo-
miting, it cannot be denied that this is owing
to an unufual determination of the nervous
influence, bymeans of the mind, into the mu-
icular fibres of this bowel ; yet we are not at
all more fenfible of an exertion of the mind’s

power
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power in this cafe, than we are when vomit-
ing is excited by {fwallowing a doze of ipeca-
cuan or emetic tartar. 'The want of confci-
oufnefs, therefore, canbe no fufficient argu-
ment againft the motion of the ftomach, whe-
ther natural or perverted, being owing to the
altive power or energy of the fentient prin-
ciple, which is varioufly afieéted by the differ-
ent flimuli applied to the delicate nerves of
this bowel ; and if the 7dea only of a difa-
greeable fenfation in the ftomach, can bring
about, through the influence of the mind,
{uch irregular motions in it, why fhould not
~ the real feeling of fuch a fenfation in this or-
gan, more remarkably affe¢t the mind, and

{o excite it to produce fimilar motions.
WHAT has been faid with regard to the mo-
tions of the ftomach, may readily be applied
to thofe of the heart: for no {ooner are cer-
tain ideas prefented to the mind, than the mo-
tion of the heart is increafed and accelerated;
which muft, therefore, undoubtedly be the
effect of an extraordinary determination of the
nervous power into its fibres confequent upon
the emotion raifed in the foul : yet of this ef-
fort of the mind we are not in any degree con=
{cious.
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{cious. If, therefore, the mind can thus in-
fluence the heart’s motion, and we, at the
fame time, not be fenfible of its power being
directed to that end, it can by no means ap-
pear unreafonable to fuppofe, that the /fmu-
lus of the returning blood may excite the fen-
tient principle to bring this mufcle into con-
traction, although we are not in the leaft con-
{cious of any fuch exertion of its power.
BuT, the objeftion againft the mind’s be-
ing concerned in effeCting the vital and other
involuntary motions, drawn from our not be-
ing confcious of its interpofing for this end,
is quite overturned, by confidering that great
variety even of voluntary motions are many
times performed, when we are infenfible of
the power of the will exerted in their produ-
&ion. Thus, while in walking we either
meditate by ourfelves, or converfe with others,
we move the mufcles of our legs and thighs,
without attending to, or knowing any thing
of the matter.—We are not fenfible of the
eye-lids being kept open by the immediate a-
tion of the mind ; but yet, when drouzinefs
and fleep fteal upon us, we find it requires 2

confiderable effort to prevent the falling down
of
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of the fuperior palpebre. 'The fame thing i
true of the action of the mufcles which fup-
port the head. The true account of our ig=
norance in thefe things, which, as they are
tranfacted within the fphere of our own bo-
dies, it might be expected we fhould be well
acquainted withal, feems to be this, wzz. that
we not only acquire, through cuftom and ha-
bit, a faculty of performing certain motions
with greater eafe than we were wont to do
them, but alfo, in proportion as this facility is
increafed, we become lefs fenfible of any fhare
or concern the mind has in them. Thus a
young dancer, or player upon the harpficord,
is very thoughtful and folicitous about every
motion of his fingers, and every ftep he takes;
while the PROFICIENTS or MASTERS in thefe
arts perform the very fame motions, not only
with greater agility, and more dexteroufly, but
almoft without any reflexion or attention to
what they are about.

Some indeed have gone fo far, as to deny
that even the voluntary motions are owing to
the mind, as their proper caufe, and have
thought the direction of the feveral voluntary

mufcles, in order to perform the various mo-
tions
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tions of the body, to be an office which its
faculties are by no means equal to *. But if
thefe motions be not owing to the mind, from
what caufe, I pray, external or internal, do
‘they proceed? They cannot be owing to the
powers of the body alone; and it is in vain
to attribute them to any LAw which it may be
pretended the DE1Ty has eftablithed +4; fince
a law can produce to effe& of itfelf, and,
without fome agent to execute it, is only a
mere name or empty found : they muft; there-
fore, be afcribed either to the immediate agen-
cy of the SuprEME BEING, or to that of fome
generdl inferior NATURE, which HE has con-
ftituted for this purpofe, or to the energy of
4 particular aftive PRINCIPLE united with the
body. 'The firft two fuppofitions are pofiible
indeed, but not at all probable, asis the laft;
whence it may be inferred, that not only the
voluntary moffoné, of which we are immie-
diately confcious, but thofe alfowhich we don’t
advert to, proceed from that SENTIENT and
INTELLIGENT PRINCIPLE with which the
AvTnor of nature has animated our bodies;

Q_q - whofe

% Haller. not. in Boerhaav. Inftitat. vol, iv, p. 588,
& Td. ibid.
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whofe powers and operations, it muft be owns
ed, are, In many inftances, as much above
our knowledge, as is the nature of its union
with the body, or the manner of their reci~
procal action upon each other.

Oby. IV. IFr the vital motions were owing
to the mind, they fhould be under its domi-
nion or controul ; and we ought at any time
to be able to {fufpend or vary thefe motions at
pleafure.

 Anfwer. In all actions which are the refult
of reafoning and deliberation, man evidently
appears to be a FREE AGENT: he has it in his
power, afterweighing all motives and circum-
ftances, to prefer this or the other action, or
to abftain from a&ing altogether. But there
are actions, towards the performing of which
we are in no ways determined by reafon, and
where the mind is a neceflary agent, even in
the very ftrongeft fenfe of the word: of this
kind are the involuntary motions of mufcles,
whofe fibres have a flzmulus applied to them ;
for the application of external objects to their
proper organs, does not more neceffarily or im-
mediately”
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mediately excite correfponding ideas in the
mind, than certain uneafy {enfations produce
confequent motions of the body. Aswe can-
not therefore hinder ourfelves from feeing e-
very object which is painted on the bottom of
the eye, nor from hearing every found which
affects the ear; fo neither can the mind refrain
from exerting its power of moving a mufcle,
whofe fenfible fibres are ftrongly affected by
a flimulus.  And as no body ever went about
to deny that it was the mind which fees co-
lours and hears founds, becaufe, whenever
the external caufes exciting thefe, are applied
to their proper organs, we can, by no effort
of the will, prevent ourfelves from feeing or
hearing, nor can {ee and hear obje&s or founds
different from what thefe impreffions natural-
ly reprefent; {o it muft be wholly unreafon-
able to pretend the vital and other involuntary
motions cannot arife from the energy of the
mind, becaufe the will has no immediate
power over them.

AN ation is denominated free, from the
agent’s having willed or chofen it, when he
had a phyfical power of doing otherwife; thus

the ation of {wallowing poifon is faid ta be
free,
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free, when a perfon chufesit, and might have
refrained from it; but the convulfive motions
of the ftomach and diaphragm which foon
enfue upon taking it, are ftrictly neceflary;
fince the mind cannot, by any effort or exer-
tion of its power, prevent them, being as -
neceflarily determined to move thefe parts vi-
olently, from the difagreeable fenfation which
the poifon excites, as a ftone 1s in falling to
the ground, or a balance in inclining to the
fide where there is the greateft weight, from
the principle of gravity. ‘'The only difference
in thefe cafes is, that the caufe acts upon a li-
ving fentient principle in the firft; and in the
laft, upon inert and lifelefs matter, '
As the actions which neceffarily ﬁ}iiﬂw an ir-
ritation of our mufcles, or any uneafy fenfati-
on in the body, are not performed by the mind,
in confequence of any previous ratiocination,
or from any views of their being immediately
neceflary, or conducive to the welfare of the
body; fo neither do they flaw from cuftom or
habit; fince new-born children perform them
as well as the oldeft and moft experienced
- man. Infants, as{oon as they come into the
world, perfarm the action of breathmg, the’
qultg



other INVOLUNTARY MoT1oNs. 309

gquite unaccuftomed to it before; they thut
their eye-lids upon the approach of light, vo-
mit when their ftomach is opprefled, fuck
when hungry, fneeze, or cough, upon any
irritation of the membrane of the nofe or wind-
pipe, and void their feces and urine, when
thefe excite an uneafy fenfation in their inte-
ftines or bladder. Cuftom may enable us to
perform fome a&ions with furprifing facility,
and little or no attention, but will not render
the motions of mufcles abfolutely involuntary,
which were originally voluntary : Thus, as Ha/-
ler has well obferved againft the followers of
Stabl, the muicles of the eye-lids, and thofe
which ferve to ere¢t the back, though they
are almoft conftantly employed, except in
time of {leep, neverthelefs continue to be {ub-
ject to the will *, ;

IT remains, therefore, that the motions per-
formed by us, in confequence of an irritation,
are owing to the original conftitution of our
frame, and law of union eftablithed by the
all-wife CREATQR between the {oul and body,
wherebythe former, immediately and without

anyexercife of reafon, endeavours byall means
and

* Not, in Bserbaave Inftitut. med, vol. iv. p.588,
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and in the moft effe€tual manner, to avoid or
get rid of everydifagreeable {fenfation conveyed
to it by whatever-hurts or annoys the body *.
WHEN the organ is not extremely fenfible,
or the flimulus is very {light, or is applied to
fome’ diftant part, and not immediately to
that which is to be moved, we can reftrain
the motions, which otherwife would follow,
by an effort of the will : but if the nerves of
the part be more delicate, and f{ufceptible of
the fmalleft impreflion; if the fimulus be
ftronger and applied immediately to the organ
which is to be brought into action ; then the
motions which follow, are neceflary, and can-
not be controuled by the power of the will,
becaufe the mind is more ftrongly affected by
the irritation, than by any arguments or ideas
it can prefent to itfelf. To illuftrate this mat-
ter by a few examples.—In voiding the ex-
crement and urine, the contraction of the ab-
dominal mufcles and diaphragm is ufually in
fome meafure voluntary, and can be reftrain-
ed at pleafure, becaufe the fimulus is not
only flight, but applied to a diftant part; but
n a violent fenefmus or ftrangury, the motion

of

¥ See page 288. & 289. above,
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of thefe mufcles becomes altogether neceflary
and convulfive, not becaufe the mind is lefs
concerned in this laft cafe than before, but be-
caufe the painful fenfation compells it to a&
whether it will or no.—If the internal mem-
brane of the wind-pipe be flightly irritated,
we can reftrain coughing; but if the tickling
be ftrong, we lofe this power.—~When the
tunica cornea, or conjunétiva of the eye, are
gently ftimulated, we can, by an effort of the
will, prevent the fhutting of the palpebres
but when any thing very acrid is applied to
thefe parts, the eye-lids are moved necefla~
rily.—Although the contraction of the pupil
arifes from the action of light upon the re-
tina, and not upon the fibres of the i77s; yet
this motion is altogether involuntary, on ac-
count of the extreme fenfibility of the irri-
tated part,—The motions of the heart and
alimentary tube are wholly neceflary, becaufe
the netves of thefe organs are highly fenfible,
and the ﬂz‘m#fm is immediately applied to
them. Nor can the mind leflen the violent
contractions of the heart in a fever, howevetr
confcious it may be of the danger arifing from
too impetuous a motion of the blood; becaufe

the
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the heart being more ftrongly ftimulated than
ufual by the blood, the fentient principle, it
order to expel the irritating caufe, is necefia~
rily excited to contract this mufcle with pro»
portionably greater force.—The motions of
the refpiratory mufcles can be accelerated, o
retarded, or altogether ftopt, as often as we
pleafe ; becaufe the flzmulus exciting them, is
not immediately applied to their fibres, but to
the lungs, a part not very fenfible, and with
which theyhave little or no connexion. How-
ever, as often as the fimulusis greatly ificrea-
fed, by the difficult paffage of the blood thro’
‘the lungs, and there is an immediate danger
of fuffocation, the motion of thefe mufcles be-
‘comes more neceflary, and almoft ceafes to be
under the inér‘ of the will.—In a fever,
when, from an obftrution or perverted moti-
on of the fluids in the brain, or its membranes,
‘the patient talks of feeing and hearing things
which are neither prefent nor fpoken, he may
be readily convinced of his error, provided the
delirium be of the flighter kind ; if otherwife,
we endeavour in vain to corret his wrong
judgment byreafon or argument, fince the dif-
“ordered ftate of the brain makes a ftronger im-
, prefiion
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preflion upon the mind, than any arguments
or external confiderations whatever : yet a~
crid cataplafms applied to the foles of the feet,
as they give great pain, and {o make a remark-
ably ftrong impreflion on the fentient prin-
. ciple, will often leffen, and fometimes entirely
temove fuch a delirium. But,

p THE objection againft the mind’s pro-
ducing the vital motions, drawn from their
being involuntary, muft appear extremely
weak ; fince there are a variety of motions e~
qually independent upon cur will, which yet
are certainly owing to the mind. Thus, as
has been already obferved, the contraction of
the pupil from light, and the motions of the
body from tickling, or the apprehenfion of it,
undoubtedly flow from the mind, notwith-
ftanding their being involuntary.—The fhut-
ting of the eye-lids, when a blow is aimed at
the eye, is another inftance of a motion per-
formed by the mind in {pite of the will ; for as
the threatened blow does not, by any corpe-
real contaét, affe€t the orbicular mufcle of the
palpebre, its contraction muft neceflarily be
deduced from the mind, moved to perform
this action from the apprehenfion of fome-

' B thing
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thing ready to hurt the eye : and if there are
fome who, by an effort of the will, can re-
ftrain this motion of their eye-lids, yet this
does not proceed fo much from the mind’s
making no attempt, in confequence of the
apprehended danger, to clofe the palpebre,
as from the fuperior eye-lid’s being kept
up by a ftrong voluntary contradion of its
{evator muicle——We cannot, by an effort
of the will, either command or reftrain the
ereCtion of the penis; and yet it is evidently
owing to the mind; for fudden fear, or
any thing which fixes our attention ftrong-
ly and all at once, makes this member quickly
{ubfide, though it were ever {o fully erected.
The titillation, therefore, of the veficulz femi-
nales by the femen, lafcivious thoughts, and
other caufes, only produce the erection of the
penis, as they neceflarily excite the mind to
determine the blood in greater quantity into
its cells *.—A fhocking fight, or a difagree-
able found, will often, in an inftant, excite a
tremor or fhivering over the whole body;
which cannot be owing merely to the mecha-
nical action of light upon the eye, or of found

HPUH
* Vid, Sedl. vi. N° 4. above.
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upon the ear; fince, when the external or-
gans are unaffected by thefe things, their idea,
recalled by the mind, can of itfelf produce a
fimilar effeét : this motion, therefore, though
it be involuntary, and can neither be per-
formed nor ftopt at pleafure, muft neceflarily
be owing to the mind or fentient principle.
Ir, therefore, we have found various invo-
luntary motions arifing from the mind, it can
be no proof againft the vital motions flowing
from the energy of the fame principle, that
they are involuntary: and if the motions of
the voluntary mufcles themfelves become in-
voluntary, as often as they are excited into
ation by a fimulus applied to their fibres, it
can be no wonder that the motions of the
heart and alimentary canal are neceffary, and
‘independent on the will, fince thefe organs

are perpetually expofed to the alternate action
of a flimulus.

Ir it be afked, why, when neither light
nor found affect the mufcles of the wvea and
internal ear, we cannot at pleafure move
them; or why we cannot at any time, by an
effort of the will, produce an ereétion of the
penis ; it may be anfwered, that as mankind,

by
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by having their ears tied down when young,
lofe the power of moving them, though there
are mulicles deftined by nature for this pur-
pofe ; fo the mind, through difufe, may have
loft its power of moving the above mentioned
mufcles at pleafure, even when they are not
atted upon by a fimulus ; or why may we not,
for wife purpofes, be fo framed by the Avu-
THOR of nature, that the mind, while it can
at pleafure contraét the greateft part of our
mufcles, may have no power over others,
whofe motions are to be regulated only by
certain {enfations, fince thefe will never fail
to excite the fentient principle into action,
when it is neceflary or proper ? whereas, if
they were fubject to the will, it is probable,
that men, by a perverfe effort of this, would
in many cafes greatly prejudice their health,
or endanger their lives. And I imagine, that
the mind’s want of power over the motion of
the heart; is not only owing to its being con-
tinually acted upon by a fimulus %, but in part
to an original conftitution +: ; and that tho’

we

* Sedt. i. Nor12. & 13. above.

+ By an original conftitution, I here mean no more,
tlmn that we are fo furmcd that the mind, which can at
pleafun:
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we fhould fuppofe thefe organs for a little
while free from every degree of irritation, yet
the mind, by an effort of the will, could not
move them. Thus, although the mind- re-
mains prefent with the body, and ready to
altuate it in a fyncope ; yet it can neither di-
retly renew the heart’s motion after it has
ceafed, nor communicate a ftronger contra-
¢tion to it when it is juft going to fail : ‘and
there is no reafon to think, that thefe animals
which lie in a death-like ftate during the
winter-feafon, have, when they begin to re-
vive in the {pring, any more power over the
motion of their heart, than thofe in whom its
motions continue without any {uch interru-
ption from the beginning to the end of their
lives.

WE need not, therefore, with Mr. Lieutaud,
have recourfe to any croflings or entrelacements
of the nerves of the vital organs, or to their
proceeding from different parts of the brain,
in order to account for their not being fubjelt

| | | to
pleafure move moft of the mufcles of the body, has, from
the beginning of life, no power to move the heart and
other involuntary mufcles, unlefs when it is excited to do

this by a ffimulus aéting upon them, or upon fome neigh-
bouring part with which they have a peculiar fympathy.

)
L
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to the power of the will ¥; efpecially fince
we {ee that the motions of the #vea and mu-
{cles of the internal ear, notwithftanding
their nerves are deftitute of the above condi-
tions, are equally involuntary with thofe of
the  heart; that the mufcles of the arm,
whofe nerves have thefe croflings, are yet
fubje&t to the will ; and that, in fhort, even
the voluntary mufcles, when affected by any
remarkable fimulus, ceafe to be under the
controul of the will 4. '

Of;. V. Tue mind can only perceive dif-
tinétly one idea at once ; and therefore muft
be incapable to attend to and govern all the
vital and involuntary motions, which are fo
NUMErous j. |

Anfwer. Tuis objection is chiefly levelled
againft ,the opinion which fuppofes the vital
motions to be regulated and carried on by the
mind as a rational agent, and does not at all
affe® our theory: for whether the mind can
diftin&ly apprehend more ideas than one ata

time,

* Effais anatomiq. p. 702. & Element. Phyfiolog. p. 72.
1 Sect.1. Ne 12. & 13. above.
t Haller. not. in Boerhaave inftitut. med. p. 589.
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time, or no, yet furely it can and does feel
various fenfations in different parts of the
body at one and the fame time; and we
know that it can move many of the voluntary
mufcles in the fame inftant. Why, there-
fore, may it not, in confequence of the per-
ception of various fimuli affecting the different
vital organs, move them alternately ?

But further, when Mahomet Caratta, the
famous equilibrift, ftood with one foot on
the flack wire, tofling, with his hands, fix or
feven balls up into the air, and catching them
again, - was he not attentive to more than
one thing at once ? In this cafe, the equz/i-
brium of the body was to be preferved, the
balls were to be taken out of his girdle, they
were {everally to be thrown up into the air,
to be caught as they came down, and toffed
up again ; and thefe motions, which follow-
ed each other with furprifing quicknefs, were
continued for fome confiderable time. Any
man can hear a {ound and perceive a particu-
lar colour at the fame time ; and though ever
{o attentive to thefe, he will not fail, if a fly

happens to run along his face, to drive it off
with
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with his hand, that he may avoid the tickling
{enfations which it excites. In like mannery
how much foever the mind may be bufied
with its own thoughts, or the ideas of exter-
nal objects; yet is it ever ready to perceive
and feel the various flimuli which alternately
affet the vital organs, and, in confequence of
this, to continue their motions. Nor is there
any need of an infinite wifdom in the mind,
as fome have objected, to enable it to perform
the feveral vital and other involuntary mo-
tions, with different and always varying de-
grecs of force and quicknefs; according to the
different circumftances of the body ; fince, in
doing this, the mind has no particular wife
ends in view ; nor is it influenced by any ra-
tional motives, but merely by the ftimulating
caufes affecting the feveral organs; 7.e. it
acls 2s a SENTIENT, and not as'a RATIONAL
principle.  In the AuTHOR of nature, how-
ever, who has framed both the foul and body,
and thus adapted them to each other, we
ought, as upon many other accounts, {o alfo
upon this, to acknowledge a wifdom that is

infinite and unfearchable !
In
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In contemplating the various motions of a-
nimals, we obferve a ftriking analogy; are-
markable agreement in fome things, and a dif=
agreement in others.

1. SoME of the voluntar}r motions, by the
force of cuftom and habit, come at lengtlr
to be performed with little or no attention of
mind; and, though we have full power to be-
gin or ftop them when we pleafe, yet they be-
come fo far independent of thewill, that we
can only perform them in a certain way. Of
this the uniform motions of the eyes are an
example.

2. NEARLY a-kin to thefe are the mix’d mo-
tions, or thofe of a middle nature between
the voluntary and involuntary ; fuch as refpi-
ration, and the motions of thé eye-lids when
any thing flightly irritates the cormea. Thefe
agree with thé motions from habit, in being
often performed without confcioufnefs; but
in this they differ, v7z. that the former pto-
ceed from a flimulus, and become altogether
involuntary when this is increafed ; while the
latter owe their beginning to an effort of the

will, and are always fubject to its controul.
S s 3. THE
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3. THE involuntary and mix’d motions, in
general, agree in proceeding from a /flimulus,
and in being moftly performed without con-
{fcioufnefs; but differ, in the latter’s being part-
ly, and the former not at all under the power
of the will. Some of each of thefe motions
never ceafe, but go on alternately through the
whole of our lives; while others are only ex-
cited on certain occafions: among the former
kind are the motions of the heart; lungs, and
alimentary tube; of the latter are the contra-
&ion of the pupil, eye-lids, and mufcles of
the internal ear. 13 oY

4. In fome of the involuntary motions, we
are neither confcious of the fimulus, nor of
the effort of the mind in confequence of it;
as is the' cafe with the motion of the heart,
and the ordinary vermicular contraGion of the
ftomach and guts.  In others, we are {enfible
of the irritation, or difagreeable perception
exciting them, but not of any exertion of the
mind’s power : {uch are the convulfive con-
tractions of the ftomach, diaphragm, and ab-
dominal mufcles in vomiting, of the dia-
phragm in the hiccup, of the inteftines in pur-

ging,
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ging, and of the acceleratores urine in expel-
ling the femen.

5. WiTH refpe& to the mix’d motions : in
thofe of the eye-lids, fo far as they are of this
kind, we are {enfible of the irritation, or caufe
exciting them, though rarely {o of any effort
of the will—In that of refpiration, neither
the flimulus aftecting the lungs, nor effort of
the mind in confequence of this, are ufually
perceived ; yet, as often as we pleafe, we can
fufpend or vary this motion, as freely as thofe
of the eye-lids.—In the motions of the dia-
phragm and abdominal mufcles, in expelling
the excrement and urine, which arealfo of the
mix’d kind, we are perfetly fenfible of the
Simulus, and frequently of an exertion of the
mind’s power in confequence of it; yet when
the irritation is very great, thefe motions be-
come altogether convulfive and involuntary.

6. FuRTHER, it appears, that as in all the
works of nature, there is a beautifaul grada-
tion, and a kind of link, as it were, betwixt
each {pecies of animals, the loweft of the im-
mediately fuperior clafs, differing little from

the
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the higheft in the next fucceeding order; fo

in the motions of animals fomething fimilar
may be obferved ; the mix’d motions, as they
are called, and thofe from habit, being the
link between the voluntary and involuntary.

Laftly, From what has been advanced in
this and the preceding fections, with a defign
to thew what concern the mind has in produ-
cing the vital and other involuntary motions,
it clearly follows, that the human body ought
not to be regarded (as it has too long been by
many Phyfiologifts) asa mechanical machine,
fo exquifitely formed, as, by the mere force of
its conftruction, to be able to perform, and
continue, the feveral vital functions*; things
far above the powers of mechanifm! Butas a
{yftem, framed indeed with the greateft art
and cantrivance ; afyftem! in which the pe-
culiar ftructure of each part is not more to'be
admired than the wife and beautiful arrange-*
ment of the whole; neverthelefs, as a fyftem
whofe motions are all owing to the aéive
power, and energy, of an immaterial fenti-

ent

* See Heifter’s Differt. de praftant. medicin, mechanic.
p- 22.25. 51. 6g. '
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ent principle, to which it is united, and by
which every fibre of it is enlivened and actu-
' ated.

IN accounting for the vital and other invo-
luntary motions of animals, we have fhewn,
that they are all owing to a fimulus; and
have pointed out the particular fimuli applied
to the feveral organs, and exciting them into
~action ; we have further fhewn, that thefe
ﬁzmm’; can only produce their effets by the

influence they have upon the mind or fen-

tient principle. But what way the mind puts
the mufcles into motion ; what is the mate-
rial caufe in the brain, nerves, and mufcular

fibres, which it employs as its inftrument for

this purpofe ; what the intimate ftructure of

a mufcular fibre, or the precife manner in
which the nervous influence acts upon it,

when it produces its contraction : thefe are

queftions we have wholly avoided, being per-

fuaded that whatever has been hitherto faid

on thefe fubjects, is mere {peculation; and

that to offer any new conjetures on matters

fo greatly involved in darknefs, and where

we have neither defa nor phenomena to fup-

port

[ S
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port us, is to load a {cience already labouring
under bypothefes with a new burden.

To complete our account of the {pontane-
ous motions, it now only remains, that we
inquire into the reafons why the vital mo-
tions continue in time of fleep, and why mu-
{cles, or a few of their fibres, are often obfer-
ved to move for {fome time after death or
their feparation from the body.

S E.C. T, Xl
Of the reafon why the vital motions continuein fleep.

THE reafon why the vital organs are con-
tinually agitated with alternate contra-
¢tions, while the other mufcles of involuntary
motion are contratted on certain occafions
only, may fully appear from what has been
already offered ; for we have feen that the
former are expofed to the aGion of a flimulus
always, the latter only at particular times,
But fince, during fleep, the organs of fenfe
are, as it were, lock’d up, and the vo-
luntary mufcles become more relaxed and

unfit



other INvOLUNTARY MoTiONS. 327

unfit for ac&ion, on account of the brain’s
difpenfing its influence more {paringly than
ordinary, it may be afked, why the vital
motions don’t at this time either ceafe, or at
leaft fail confiderably ?

To fay here, that the vital motions muft
therefore go on without diminution or difturb-
ance, becaufe their organs are equally acted
upon by their proper fimuli, both when we
are awake and fleeping, would be an incom-
petent anfwer to this queftion; for though
the ftimulating caufe be granted to continue
the {ame, yet if the organ’s aptitude for mo-
tion be leflened, the effe@ muft be the fame,
as though the fimulus were weakened or en-
tirely wanting.  The difficulty, therefore,
which we are to endeavour to remove, Is,
why the vital organs thould not, like the or-
gans of fenfe and mufcles of voluntary mo-
tion, be fo far affeCted by fleep, as to be-
come lefs fit or able to perform their ufual
functions ?

SLEEP feems to be owing to {ome change
produced in that part of the body which A-
| natomifls, diftinguithing it from the cerebel-
lum, call the BRaAIN.~The praof of this is

plamnly
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plainly feen, in the inftances of people wha;
having loft part of their fkull, were imme-
diately feized with fleep, whenever their brain
was gently prefled 4 and, from the experi-
ments which fhew, that, inftead of fleep; death
itfelf, or at leaft a fyncope, is the effet of a
like compreflion upon the cerebellum. 1f;
therefore, it can be made appear, that the
vital organs have their nerves chiefly from
the cerebellum, and not from the brain, it will
be evident alfo, that the reafon why their
motions continue unimpaired in time of {leep,
muft be this peculiar circumftance attending
the cerebellum, that its nerves are not, like
thofe proceeding from the brain, affected by
fleep, but are at all times fitted for auating

the parts to which they are diftributed.
Now there are many experiments of Vi«
euflens *, Ridley 4, and others, fhewing, that
refpiration and the motion of the heart are
quickly ftopt upon wounding the cerebellum,
but that wounds in the brain produce little or
no change in thefe motions.  On the other
hand, feveral authors of great reputation and
unqueftioned

* Neurograph. lib. 1. cap. 20.
+ Anatomy of the brain, chap. 17.
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unqueftioned 'veracity affure us, that, in
their experiments, the vital motions conti-
nued for fome confiderable time after the ce-
rebellum had been cut in pieces. However,
it does not, by ahy means, appear from other
experiments of thefe very authors, that the
wounding or cutting in pieces of the brain,
affe€ted the vital motions more, or even fo
much;, as the fame treatment of the cerebellum.
Are we then to conclude, from thefe experi=
ments, that neither the brain hor cerebellun:
are neceffary to the motions of the vital or-
gans? By the like kind of reafoning, it would
{eem, that the nerves alfo, and the influences
they may have; are unneceflary in the produ-
cing of thefe motions, fince that of the heart
has been known to remain a confiderable
time after the ‘intercoftals and eight pair of
nerves have been cut *. Do thefe experi-

Lo ments,

¥ T {hall here take occafion to obferve, what indeed
would have come in more properly under Seét.i. p. 6.
that there are related by Malinelli, in the Comment. acad.
Bonon. wol. 2. part 2. the hiftories of two patientsy
who, though they had, in the operation for the aneuriim
in the arm, the nerve tied along with the artery, yet re-
covered, after about three months, the entire ufe of that

member ; whence fome have not fcrupled to conclude,
thatg
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ments, ' therefore, which prove too much,
prove nothing at all ? Far otherwife. The
true inference is this; That, fince various
experiments concur in thewing the cerebellum
to be, more concerned in the vital motions
than the cerebrum, while none at all can be
adduced in proof of the cerebrum being more

immediately

F

that the nerves are not necefliry to miotion or fenfatiori.
But in this they have rather been too hafty; for Galen
informs us, that as often as a nerve has been quite cut
through, “the mufcles to” which it belonged were de+
prived both of fenfe and motion +: and many later ex-
amples might be produced, where the fame confequence

‘attended the deftroying of a nerve. I {hall only mention
one, which is conly ftent with my own knowledge. 7. F.

who had the nerve tied along with the artery in the ope-
vation for the aneuriim eighteen years ago, continues, to
this day, to have a numbnefs and feeblﬂneﬁa of the mu-~"
fcles of the thumb and forefinger, which are alfo a good
deal fhrivel’d.—But further, it appears, even fmm the
hiftories now mentioned, that the immediate confequence

of a ligature made upon the nerves was a total lofs of
motion and fenfation in the parts below; and this hap-

pened notwithftanding that the blood continued, by two

pretty large arterial branches, to ‘be diftributed to them :

which is fuch a direct proof of the neceflity of the nerves
to motion and fenfe, as is not to be overturned by the

parts recovering afterwards their power of motion, fince

this might happen without any inconfiftency to the for-
mer conclufion, and in a way unknown to us.—In the

hiftory found by Morgagni among Valfalva’s papers, and

related in the fame volume of the Comment, Bonon. we are

told, the patient did not recover the full ufe of his arm

tilt

4 De motu muftulorum, lib, r, cap. 1.
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immediately neceffary to thefe than the cere-
bellum *, it follows, that the vital organs have
their nerves, either wholly or principally,

from the latter.
But though the cerchellum be the chief
fource of the vital nerves, yet its deftruction
does

till eight or nine months after the operation for the aneu-
rifm was performed. When AZlinelli diffeéted this arm,
thirty years after, he found the nerve not wanting in the
place where the ligature had been made, as were the ar-
tery and vein, but of a much greater thicknefs than ufual,
and not unlike a ganglion. From this obfervation, L
think, we have reafon to believe, that, in Molinell’’s two
patients above mentioned, the nerve was not deftroyed by
the ligature, but perhaps acquired a greater thicknefs in
that part, and fo became, after fome months, fit to perform
its functions.

Upon the whole, the hiftories of the operation for the
ancurifm related in the Bononian tranfactions, though
they may perhaps confound a fuperficial inquirer, will
never incline an accurate and impartial one to reject the
do&trine of the nerves being neceflary to motion and fen-
{ation.

# In the accurate Dr. Kagau's experiments, the vital
motions continued in a dog, above eight hours after the
medullary part of the brain was broken down into a pulp;
but when the medullary fubftance of the cerebellum was
treated in the fame way, though they did not ceafe in-
ftantly yet they began to failin a few minutes +. When
the cerebellum was wounded, without touching the ceres
brum, the heart’s motion failed fooner than when the
brain alone was wounded 7.

+ Impet. faciens. N, 325.
$ Ibid. H. 316.
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does not put an immediate ftop to the vital
motions, for the fame reafon that cutting off
the head, or tying the intercoftal and eight.
pair of nerves, does not produce this effect ;
7. e. becaufe the branches from the {pinal
marrow which join the intercoftals, together
with the {pirits (if I may be allowed to call
the influence of the brain by that name) re-
maining in the trunks of the nerves and fibres
of the heart, are fufficient to keep up thefe
motions for {fome time: in man, perhaps,
only for a few pulfations, 1n young dogs or
cats for {feveral hours, and in a tortoife for
fix months ; which laft animal, not to men-
tion other differences, has its {pinal marrow
remarkably large: nay, the motion of the
hearts of many animals, after they are taken
out of their bodies, affords us ocular demon-
ftration of the nervous influence, lodged in
the fibres of the heart and in the {fmaller fila-
ments of the nerves, being fufficient to con-
tinue the motions of this mufcle for fome
time, or to enable it to pcrfdrm a great num-

ber of contraions,
THE inftances gi'ven us of animals, whofe
ecrebella, upon opening them, were found
' | {cirrhous,
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{cirrhous, corrupted, or otherwife difeafed,
avail no more, towards proving that the vital
organs don’t derive their nerves chiefly from
this part, than do the hiftories of offified and
petrified brains, or of monfters born with no
brain at all, towards making it a clear point
that the brain and nerves are, in fa&, not the
fource of fenfe and motion *.

BuT further ; did not the vital organs re-
ceive their nerves chiefly from the cerebellum,
and thofe of fenfe, and voluntary motion, theirs
from the cerebrum; why fhould the latter, in
time of fleep, be affected with a languor and
relaxation, while the former continue to aét
with undiminifhed vigour? Why, in a deep
apoplexy, when the mufcles of voluntary mo-
tion are fcarcely excited into altion by the
ftrongeft flimulus, and when the organs of
{enfe are loft to their proper objeéts, does the
heart move with its wonted force? Why in
fuch a cafe thould the fphinéler of the pupil,
and mufcles of deglutition, refufe to obey their
ufual fimuli, and the heart be almoft as fen-
fible as ever of the irritation of the returning
blpod ? If the heart derived its nerves equal-

ly
* See Se&. 1. N° 1. above,
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ly from the brain and cerebellum, why, in apa.
Plexiés, when feveral other mufcles of the bo-
dy are convulfed, is it not itfelf affected with
ftrong palpitations ! And why in animals new-
ly dead is not the heart’s motion renewed by
irritating the brain, as well as by irritating the
cerebellum or medulla oblongata?
Tue longer people have wanted fleep, or
" the greater fatigue they have endured, a re-
cruit of {pirits becomes the more neceflary for
the free ufe and exercife of the organs of fenfe
and inftruments of voluntary motion: and
whence is the cafe different with regard to the
vital organs, unlefs it be that their nerves
differ, either as to their origin or nature, from
“the animal ones? Why the cerebellum thould
not be affected in time of {leep, as well as the
“cerebrum, and why, without any intervals of
reft, it thould at all times furnith {pirits fuf-
ficient for the purpofes of vital motion, I will
not pretend pofitively to determine; only I
think it pretty evident that the medulla-
ry {ubftance of the cerebellum is by far lefs
liable to various degrees of comprefiion, than
that of the cerebrum, as well on account of
1ts
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its firmer texture and want of cavities, as of
the different diftribution of 1its arteries.
DrinkinG largely of ftrong {pirituous li-
quors caufes not only fleep, but a fluper alfo,
and fometimes a real apoplexy ; now, if thefe
be in a good meafure the effeCts of a rarefa-
tion of the blood, and confequent diftenfi-
on of the veflels in the brain, as is probable
from diffections, it follows, fince the vital mo-
tions continue after all the animal fun&ions
are fufpended, that the cerebellum is not {o foon
affected asthe brain, either becaufe of its firm-
er {ubftance, or of its differing in fome other
circumitances from the brain. But, as a de-
ficiency of {pirits is allowed to be one general
caufe of fleep, aswell as a comprefiion of the
medullary fubftance of the brain, it may ftill
be atked, why the vital fpirits {hould never,
like the animal, be fo much exhaufted as to
require intervals of reft for their recruit. In
anfwer to this, we can only fay that, it may
be, there is not {o great an expence of nervous
power in carrying on the vital motions, which
are very gentle and equable, as is required for
the exercile of the {enfes and the motions of
the voluntary muicles, whofe contractions,
| though
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though not fo frequent, are yet much more
violent ; or elfe there may be a quicker fecre-
tion or fupply of it by the cerebellum than by
the cerebrum. If both or either of thefe fup-
pofitions be true, thevital organs which; whe-
ther we be awake or fleeping, are equally a&t-
ed upon by their ufual fimuli, muft necefia-
rily continue their motions uninterrupted and
andiminifhed as long as we live ; or at leaft {o
long as the ceredellum and its nerves, together
with the organs themfelves, remain found,
and the caufes flimulating them into ation
are the {ame.

TuAaT mufcles, which have their nerves
from the brain, may, even in time of fleep;
be excited into a&ion by a fimulus, is moft
certain : I thould, therefore, have no doubt;
that the vital organs might be kept continually
in motion, by the efficacy of ‘the fimuli a&t-
ing upon them, even though there were no
difference between their nerves and thofe fer-
ving the other mufcles of the body, provided
their aGtion were obferved to be fenfibly weak-
er in time of fleep, and to become more re-
markably languid in proportion as this was
deeper: but, as no fuch thing has hitherto

been
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| been difcovered, I cannot but be of opinion,
there is fome difference between the vital and
animal nerves, as to their nature and origin,
towhich, as well as to the conftantly repeated
action of their fMimuli, it is owing that the
vital motions continue undiminithed in time
of {leep.

Ir it be faid, that the vital organs are fo ex-
tremely {enfible of the ffimuli applied to thems
or fo peculiarlyadapted to motion, as that their
action muft be continued in time of fleep,
while other parts, equally furnithed with

merves, are then, upon account of their lefs
fenfibility and fitnefs for action, more languid
and fluggith; I would defire to be informed,
what part of the body is endued with a more
exquifite fenfe than the retina, or what mufcle
in it can be found capable of more various
degrees of motion than the [phiniler of the
pupil ? and yet we well know, that, in an a-
poplexy, the former lofes its fenfibility, and
the latter all its power of contraction; at the
{ame time that the action of the heart is in
no degree weakened. But, be the vital organs
ever fo fenfible, or well fitted for motion, they
muft neceffarily act with lefs vigour during
Uu fleep,
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ﬂéep, or in a fit of the apoplexy, if it be
true, that in thefe circumftances the nervous
nfluence i1s more {paringly tranfmitted to
them, than when we are awake and in health.

Tur induftrious Haller is of opinion, that
there is no difference, as to their origin or na-
ture, between the vital and animal nerves;
fince the intercoftals, the nerves from the
{pine which unite with thefe, and the eight
pair of nerves, give off branches to fome
of the organs of fenfe and voluntary motion,
as well as to thofe parts whofe motions are
vital and involuntary; and fince, he is
unable to conceive how, in the fame nerve,
the vital part can remain undifturbed and
without alion, while the animal part is
violently agitated, and wice verfa*. But this
reafoning proceeds upon a double miftake,
as it fappofes, 1/, That the organs and mu-
fcles of voluntary motion have no need of vi-
tal nerves; and, 2dly, That if two kinds of
nerves be diftributed to any part, they muf’c
always act both together.

1. As to what concerns the firft of t_hefe
fuppofitions, we have formerly obferved that

ds
% Not. in Inftitut. Med. Boerbaave, vol. 4. p. 585.
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as the heart is excited into alternate contracti-
ons by the flzmulus of the returning blood, fo
the larger arteries owe their Jyftole in part to
the fame caufe, while the fmaller veflels, in
which no alternate [yfiole and diaflole, ari-
fing from the force of the ‘heart, regularly
takes place, are ftimulated into alternate ofcil-
latory contractions, ' by the gentle irritation of
the fluids as they glide along their fides *.
Since therefore all theveflels of animals, {fmal-
ler as well as larger, are, like the heart and
alimentary tube, continually agitated with a
vital motion ; it is highly probable, that not
any even of the organs of voluntary motion
are wholly deftitute of nerves derived from
the cerebellum.  So that the objection brought
againft Dr. #illis and his followers, who al-
low the third, fourth, fifth, and feventh pair
of nerves to receive fome fibres from the ce-
rebellum, viz. that, in this, they muft be mif-
taken becaufe thefe nerves affift not in the
performance of any vital motion, Is extreme-
ly ill founded ; for, as we have juft now faid,
there is no mufcle in the body whofe veflels
are not agitated with a vital {pontaneous mo-

tion ;

¥ Sed. vi. N° 1. & 2. above,
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tion: and the opinion that all the nerves have
fibrils both from the brain and cerebellum,
which was firft embraced by Ridley, and af-
terwards gone into by Boerbaave, is far from
being improbable ¥, Hawever, it may be
{uppofed, thatwhile the mufcles of voluntary
motion have the largeft fhare of their nerves
from the brain, or from the {pinal marrow
confidered as arifing from thence, and onlya
few fibrils {erving for the ofcillations of their
veflels from the cerebellum; the organs of vi-
tal motion, on the other hand, are fupplied
more plentifully, if not wholly, with nerves
from the cerebellum, as well for the ofcillato-
Iy contractions of their vf:ﬁ'els, as for thalr
motions as mufcular organs.

BuT further, fince no budy can prctend to
affirm, that the intercoftals and eight pair of
nerves proceed wholly from the cerebellum,
without having any fibres at all from the ce-
rebrum, itwere an eafy anfwer to Haller’s ob-
jection to fay, that the branches which thefe

| nerves

* The olfactory nerves indeed feem wholly to be deri-
ved from the brain; but the membrane of the nofe is fur-
nithed with a branch from the fixth pair of nerves, to whlch
the yibratory motions of its veflels are owing,
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nerves give to the organs of fenfe or volun-
tary motion, are fuch only as they receive
from the brain.—If it be faid, that the fifth
pair of nerves, which is diftributed to the o-
gans of fenfe and voluntary motion, is chief-
ly or wholly derived from the cerebellum ; it
may be anfwered, that to difcover from dif-
fection, with any tolerable degree of certain-
ty, how far this is fact or otherwife, is an ex-
tremely difficult matter : but as this nerve
feems to aflift in the formation of the inter-
coftal, and may give branches to the nofe
and other parts, upon which it is beftowed,
for the vital ofcillations of their veffels, we
may very well allow it to be derived in a
great meafure from the cerebellum.

- WHERESOEVER in the prefent argument I
have fpoken of nerves being derived from
the brain or cerebellum, 1 defire to be under-
ftood as including the {pinal marrow, fo far
as it can be reckoned a continuation of the
medullary {ubftance of thefe parts, of to a-
gree with them in its ftructure and ufe; for
the {pinal marrow does not feem altogether
derived from the brain and cerebellum, but pro-

bably prepares a fluid itfelf; whence it is ena-
| bled
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bled to keep up the vital and other motions for
feveral months, in a tortoife, after the head is
cut off.

A

2. ALTHoUuGH two forts of nerves were
diftributed to the fame organ, it would by
no means follow, that the one could not aét
without the other : for if the mind can de-
termine the fpirits through a few fibrils of a
nerve, without difturbing others which are
contiguous to it; and if the impreffions of ex-
ternal objects are tranfmitted to the brain by
the nerves deftined for feeling, without af-
fecting any of the fibrils which are included
in the fame coats with them ; why may not
the gentle irritation of the fluids, contained
in the veflels of a mulfcle, excite their circu-
lar fibres into alternate contractions, by means
of the nerves derived from the cerebellum,
without affeing the nerves from the brain,
in {fuch manner, as to make the mufcle itfelf
contra&t? Althaugh the nerves from the ce-
rebrum and cerebellum be contained in the
- fame common fheath, yet they are quite dif~
tinét; f{o that there can be no reafon for

‘ ima-
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imagining the one may not be aced upon
without bringing the other into confent.
BuT as thereal and intimate {truture, and
the diftin& ufes of the brain and cerebellum,
as well as the particular diftribution of their
medullary fibres, are things which we are
much in the dark about, it is no wonder, if
we frequently lofe and bewilder ourfelves and
readers, when we attempt to pufh our inqui-
ries deeply into thefe matters. Far, therefore,
from expecting, that what has been advan-
ced in this Section concerning the difference
between the vital and animal nerves, thould
give every one full fatisfaction, or be thought
quite clear of all difficulties; I have only offer-
ed, in a few words, what feems moft probable
to myfelf, being ready to give up my opini-
on, as foon as further experiments or obfer-
vations fhall lead us to a better and more
confiftent account of this matter.  Sequzmur
probabiliora 5 nec ultra quam id quod verifimile .
oecurrit progredi poffumus, et refellere fine per-
tinacia, et refelli fine iracundia, parati fumus*.

* CrceroN, difput. Tufculan, lib, 2.

SECT
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5 DO ol P <
Concerning the motions obferved in the mufcles of

animals after death, or their feparation from
the body. -

QY Ince the hearts of many animals continue

their alternate contractions for fome time
after they are taken out of their bodies; andas
this is a circumftance which pofiibly may be
miftaken for an unanfwerable obje&ion to the
account we have given of the vital motions,
* we fhall here inquire particularly into the
nature and caufe of thofe motions which are
fo frequently feen in the muicles of animals

after death, or their {eparation from the body;
; and

% < Sed manifefto falflum eft motus omnes ab anima
¢ oriri, et abique ea materiem fore immobilem fegnem-
¢ que maflam. Nam vis contractilis ad ftimulum quem-
€ cunque, ad quam motus cordis, inteftinorum, et forte
¢ omnis motus in homine pertinet, ne requirit quidem ani+
¢ mz prafentiam, fupereft in cadavere, fufcitatur me~
¢ chanicis caulis, calore, flatu; neque deferit ibram, quam-
¢ diu nondum refrigerata riguit, etft dudum animam abe-
¢ gerit deftructio cerebri cordifque, etfi, ex ipfo corpore
¢ revulfus mufculus, ab omni imaginabili animz fede fe~

s¢ paratus fit.”  Haller. Prim, lin. Phyfiolog. N° 562,
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and we flatter ourfelves much, or it will
hence appear, that inftead of being inconfift-
ent with our theory, they ferve rather to il-
luftrate and confirm it.

SEvVERAL authors ({ome of them indeed of
confiderable name) have afcribed the motions
of the heart after death, or its {eparation from
the body, to fome peculiar property, not
found in the other mufcles, wherewith they
fuppofe this to be endued * : but with what
reafon, will appear from the following expe-
riments and obfervations.

1. AN eel, which I diffeted, moved the
mufcles of its body with great force, for more
than half an hour after the removal of its
heart and the other wifcera; and though I
had not leifure to obferve them, I doubt not
but it continued thefe motions a much longer
time; for Dr. Harvey has long ago inform-
ed us, that not only the heart, but alfo the
fleth of eels continues to move after being cut
in pieces.

2. I have often obferved a frog turning

from its back to its belly, and leaping about
b 5% for

* Van Swieten comment. il aphor. Boerbaave, vol. 1.

P. Ll 2
1. H, G. comment. in Boerb. Inftit, med. vol.5. p.101. 104.



345 Of the ViTavr and

for an hour after the heart and other vifcera
were cut out ; and when its mufcles were at
reft, they have been brought into convulfive
contractions, by pricking them with a pin or
a fcalpel : nay, a frog’s limbs feldom fail to
move for fome time after they are feparated
from its body.

3. A tremulous motion has been obferved
in the muicles upon the fernum for a quarter -
of an hour after it was cut out of the body;
and, when it had ceafed, it was renewed by
pricking the fibres of thefe mufcles with the
point of a knife *. The like tremulous mo-
tions have continued for an hour in the mu-
fcle of an ox {eparated from its body imme-
diately after it had been killed, and, upon
their ceafing, have been recalled, by pricking
its fibres with a fharp inftrument +-.

4. in a young pigeon, which I killed, by
{eparating its head from the vertebre of the
neck, the divided mufcles of the left fide of
the thorax (upon which fome of the blood

thrown

* Swencke Hematolog. p. 28.
+ Ibid.
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thrown out of the heart had been {pilt) were
agitated with alternate contractions for about
ten minutes. Thefe contractions were very
quickly repeated at firft, but, like thofe of
the heart, became much flower before they
ftopt altogether.

"WERE not the alternate contraGions of
thefe mufcles more remarkable, and of longer
continuance, on account of the flimulus of the
blood which was {pilt on them ? This feems
not at all improbable, fince, as has been ob-
ferved above ¥, the motions of the vera cava
feem to continue longer than thofe of the
heart, becaufe it is longer fupplied with bloed.
Befides, the alternate contractions which hap-
pened to the muicles of the #horax in other
pigeons which I opened, and where no blood
was {pilt, were much lefs remarkable, and

lafted but a very fhort time.

5. Swammerdam tells us, that, in diffeting
animals alive, he obferved contrations, not
only in every muicle feparated from the body,
but alfo in every mufcular fibre 4. And the

fame

* Sect.vi. N° 3.

+ Tractat, de refpirat. cap.7. p. 67,
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fame kind of motion has been remarked in
the mufcular fibres of men, which had been
cut away in the extirpation of tumors.

6. THE vermicular motion of the inteftines
remains for a confiderable time after both
them and the ftomach are taken out of the
body.

« HENCE it appears, that all the mufcles
of living animals, whether they be of the
voluntary or involuntary kind, are agitated
with alternate contractions, after being-dif-
fected from their bodies ; and, confequently,
that the vibrations performed by the hearts of
animals, when divided from their bodies, be-
{peak not any latent power refiding particu-
larly in the fibres of this organ, or which
they do not fhare in common with thofe of
every other mufcle.

g Ir the voluntary mufcles, which in a
healthful ftate remain at reft when the will
interpofes not to the contrary, are alternately
contracted and relaxed, as well as the heart,
when they are feparated from the body ; it
cannot be concluded, that, becaufe the heart
beats after fuch feparation, it muft therefore

move
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move alfo while in the body : on the contra-
ry, it follows, that the alternate motions of
the heart in living animals muft be owing to
its being acted upon by fome particular caufe,
which does not affect the voluntary mufcles.

7. THE heart of an eel, which I cut out
of its body, and divided into two, continued
its vibrations above twenty minutes.

8. WHEN the heart of an eel inclofed in
an exhaufted receiver, after beating about an
hour, had become very languid, and almoft
ceafed from motion, Mr. Boyle renewed its
pulfations, by breathing on that part of the
glafs where it lay *.

g. I have obferved the hearts of frogs beat
12, 15, 18, or 30 minutes, after being {epa-~
rated from their bodies ; and when their mo-
tions begin to languifth, or are juft about to
~ ceafe, they may be increafed or renewed, by
heat or pricking them with a pin.

10. THE

% Philofophic. Tranfac, abridg’d, vol. 2. p. 222.
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10. THE hearts of frogs, which, when firft
{eparated from their bodies, beat from 64 to 68
times in a minute, performed from betwixt
go to 100 pulfations in the fame time, when
expofed a little to the heat of the fire; but,
after being removed from it, their vibrations
became gradually flower and flower, till they
were no quicker than at firft.  While
warmth thus increafes and renews the motion
of the heart, even in thofe animals whofe
blood is cold, too great heat deftroys it both
in hot and cold animals, by producing fuch a
change in the mufcular fibres, and their fluids,
as renders them unfit for motion. Hence
the heart of a pigeon or frog immediately
lofes its motion when immerfed in boiling
water,

11. THE - hearts of vipers continue their
alternate motions for feveral hours after they
are fevered from their bodies *,

12. A viper’s heart, which beat only 23
times in a minute, when Dr. Langrifb firft
took it from its body, was, by the warmth

of
% Boyle's Ufefulnefs of Experimental Philofophy,
part 2. p. 10,
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of his hand, foon made to perform 48 vi-

brations in that time ; and, being afterwards
put in water a degree or +wo warmer than
human blood, it repeated its pulfations 87
times in a minute *,

13. UproN ftretching a cock’s neck fo as to
feparate the head from the vertebre of the
neck, feveral violent convulfions enfued, and
in lefs than five minutes he {feemed to be quite
dead. At this time laying the thorax open,
I obferved the heart performing its alternate
motions, but much more faintly than that of
a frog or eel when feparated from the body.
Three minutes after, when the heart’s mo-~
tion was become yet weaker, I cut it out of
the body, and found its veflels and cavities
had been filled with blood; which was no
{fooner evacuated, than the tremulous motions
of this organ ceafed; nor could they be re-
called by breathing upon it, or pricking it in
feveral places with a pin ; but, by touching
it two or three times with a red-hot iron, a
vibrating contraction was obferved, which

{carcely lafted for a fecond.

14. THE
¥ Cronean Le&ures, N? 150,
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14. THE heart of a chick taken out of the
fhell, beat an hour after its head and breaft-
bone were clipp'd away with a pair of feiffars,
and the auricle retained its motion fomie time
after the heart. The motion of the other
parts feemed only to furvive the lofs of the
head for a few moments: the heart’s mo-
tion, when about to ceafe, was frequently re-
newed by pricking it with a pin.. In another
chick the heart was kept beating, by the in-
fluence of warmth, above two hours after its
head was cut off *.

15. I laid open the #borax of a young pi-
geon, four minutes after {eparating its head
from the vertebree of the neck, and found the
heart, with its right auricle, which was great-
ly diftended with blood, without any motion.
I let a few drops of warm faliva fall from my
mouth on the heart ; upon which its right
auricle began to move, and continued re-
peating its alternate contractions with remark-
able vigour and quicknefs for three minutes,
when they became gradually both weaker and

flower.

¥ Boyle’'s Ufefulnefs of Experimental Philofophy, part 2.
p- 15. & 16,
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flower. At eleven minutes from the begin-
ning of the experiment, the motions of the
auriclggvere ftill lower, but were quickened
fomewhat by pricking it with a pin.  After
eighteen minutes, the contractions of the au-
ricle were much more feeble, and not repeat-
ed till after the interval of 7> 8 or ¢ beats
of my pulfe; whereas, at firft, they {ucceed-
ed each other much more quickly than the
vibrations of my heart. Before the twentieth
minute was expired, the motions of the auri-
cle ceafed entirely ; but were {o far renewed
afterwards, by filling the rborax with water of
the fame warmth with the human blood, as
to laft about two minutes. During all this
time, no motion was obferved in the body of
the heart ; nor were its fibres excited into
contraction by pricking them with a pin fe-
ven minutes after the #horax was opened.

16. T opened the thorax of another pigeor
three minutes after I had pulled off its
head and made a ligature about its neck : the
right auricle, with partfof the vena cava infe-
rior adjoining to it, ftill continued to beat, but
the body of the heart was at reft; {fometime

Yy alter,
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after, when the motions of this auricle wera
about to ceafe, they were renewed with their
former vigour by drawing afunder the fides of
the divided thorax, and confequently ftretch-
ing the great veflels leading to the heart.
When the auricle’s motions were become ve-
ry languid and flow, the wena cava inferior
made {everal contrattions before the auricle
contracted once ; and it continued to palpi-
tate for fome time after the auricle had ceafed

altogether.

17. IMMEDIATELY after {eparating from
the vertebre of the neck the head of a pigeon
fomewhat younger than either of the two for-
mer, I laid open the thorax, and found the
heart beating pretty ftrongly, and at every [y~

Sflole throwing out the blood with a confider-
able force by a wound which I had accident-
ally made in it. 'When, after a few con-
tractions, its motion had become much more
feeble and irregular, it was made to recover
its vigour and propel the blood through the
wound as before, by drawing the fides of the
divided #horax a little afunder. Sometime

after this, when the heart was become much
more
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more languid, its contractions were renewed
with double force as often as I raifed the point
of it with my finger. About fix or feven mi-
nutes after opening the zborax, the motions of
the heart could be perceived only in its right
auricle and gpex, but were by far moft re-
markable in the former. In three minutes
more, when no motion could be feen in the
body of the heart, this auricle ftill continued
to vibrate, and its motions were very fenfibly
quickened by raifing the point of the heart,
and of confequence ftretching the great vef-
{els adjoining to its bafe. At this time a few
weak palpitations were excited in the heart by
dividing it with a fharp knife, i

18. SomE young Gentleman having hang-
ed a cat till the was quite dead, opened the
thorax, and obferved only a tremulous motion
in the heart which foon ceafed, but was re-
newed by pricking it with a fharp inftrument;
after this, by fqueezing the cardiac nerves
downwards, or otherwife irritating them, the
heart was made to perform twoor three pulfati-
ons; which itcontinued to do for a confiderable

time,
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time, whenever the cardiac nerves were thus
ftimulated.

19. THE heart of a cat, which had been
dead for four hours, was excited into alter-
nate contractions by blowing warm air into
its cavities through a tube fixed in the recepta-

culum chyl *.

20. THE motion of the heart was renewed
in the fame manner, by Brunnerus, in a dog

which had been a good while dead +-.

21. EVEN in man, the heart retains a power
of motion for fome little time after its fepara-
tion from the body; as appears particularly
from the well known ftory of Lord Verulam
concerning a malefactor, whofe heart, having
been cut out of his body, and thrown imme-
diately into fire, leapt feveral times upwards
to a confiderable height 7.

22. I is obfervable, that after the convul-
fions, which animals fuffer at the time of

death,
¥ Wepfer. hiftor. cicul. zquat. p. 8q.

+ Experiment. circa Pancreas, p. 21.
1 Hittory of life and death, fect, ix. N 21,
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death, have ceafed, their mufcles remain at
reft, unlefs they are ftretched, cut, expofed to
the air, or otherwife ftimulated.

From the above experiments it follows,

« THAT the feparated hearts of {fome ani-
mals, vibrate more {trongly, and for a much
longer time, than thofe of others. N°g.11,13.

A THAT animals of the amphibious kind,
which have either no lungs or very imperfeét
ones, which bear the air-pump long, and
whofe blood is cold, as well as languid in
its motion, fthew figns of life, not only in their
hearts, but alfo in their other members, for
a much longer time after they are feparated
from their bodies, than animals which have
more perfect lungs, hotter blood, and a quick-
epipulfe;  N®51:2; 4,14,

THose animals whofe parts preferve moti-
on and appearances of life longeft after being
feparated from their bodies, feem to have both
their fluids and folids a good deal difterent
from thofe of other animals: their blood is not
only colder but perhaps more vifcid and lefs
diffipable ; and their fibres are {o conftituted,

that
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that neither conftant fupplies of this fluid from
the heart, nor of the influence of the nerves
from the brain, are ncceflary to keep them in
due order for motion : thus frogs, eels, vipers
and tortoifes live and move feveral hours after
their heart is cut out, and the various parts
of their bodies continue to move for a great
while after all communication between them
and the brain is cut off,

v THAT, c@teris paribus, the heart pre-
ferves its motions longer in young animals,
after its communication with the brain is in-
tercepted, than in older ones, N°13. 15. 16,
compared with 14. 1%.

d THAT, cateris paribus, the hearts of
thofe animals which continue to beat longeft,
after being feparated from their bodies, per-
form their vibrations at the greateft intervals.
N° 9. 10. compared with 11, 12, The rea-
fon of this is eafily underftood ; fince, as has
been juft now obferved, in thofe animals,
whofehearts beat lopgeft after feparation from
their bodies, the blood is coldeft and its
circulation moft languid.

¢ THAT the motions of the heart, after
death or feparation fromthe body, are general-

ly
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“!j.r more confpicuous, and laft longer, than
thofe of the other mufcles. N° 14,

{ Tuat the right auricle continues to
move, after the heart appears quite dead.
N° 14. 15.

n THAT the wvena cava and finus venofus
dexter preferve their motions ftill longer than
the right auricle. N° 16.

¢ TuaT the motions of the heart and other
mufcles, when feparated from the body, are
not only at all times increafed, but even re-
newed, when they are juft at an end, by heat,
wounds, ftretching their fibres, or any thing
elfe that thall gently irritate them. N° 2. 3.
4. 8. 9. 10. 12.—17.

» TuaT, after the heart has entirely, and
for a confiderable time, ceafed to move in
dead animals, it may be excited into action by
ftretching or ftimulating its fibres or nerves.
,-No-18. 19. 20,

« THAT as in living animals the voluntary
mufcles are not convulfed, except when a /-
mudus is applied to them ; fo in animals newly
dead, no convulfive contractions happen, pro-

vided the {kin be not fo cut as to lay them.
bare,
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bare, and expofe their fibres to fome kmd of
irritation. N° 22. “

A WHENCE it follows, that the vibrating’
contractions of the mufcles of animals after
death, or their {feparation from the body, can-
not be owing to any innate power, whereby,
independent of all external caufes, they move
themfelves alternately, but muft be afcribed
to the attion of a flimulus of one kind or o=
ther upon their fibres.

WHEN the heart is taken out of the body in
animals newly dead, the cutting alone muft be
a very remarkable fimulus, and therefore,
muft not only excite or increafe its motions,
but alfo make them continue for a confider-
able time. When the thorax and pericardium
are only laid open, the vibrations of the heart
will be increafed and continued by diffe&ting
and ftretching thefe parts with which it is
nearly connected, (N° 16. 17.) and even by
the external air a&ing as a ffimu/us upon its fen-
fible membranes; for the particles of this fluid
are never at reft, but agitated with inceflant vi~
brations, This undulatory motion of the air is
{o remarkable, as to be obferved by the affift-

ance of good telefcopes, and is clearly enough
feen
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feen in the conftant whirl of dufty atoms, and
other light fubftances, perceived in the ftilleft
room, where-ever the fun beams play.

- THaE motions of the heart, therefore, in
animals newly dead, or after it is feparated
from the body, are owing to the fimulus of
the blood remaining in its cavities, to the con-
tact of the external air, or to the irritation
which is communicated to it, by ftretching
or cutting its own fibres, or thofe of fuch parts
as happen to be immediately conneéted with
it.

INn a fyncope, and in animals newly dead,
the inteftines continue their periftaltic motion
after the heart has ceafed to vibrate, which
cannot be afcribed to their being more fitted
for motion, fince the heart, when feparated
from the body or otherwife irritated, moves
more remarkably than they; but is folely ow-
ing to their being acted upon by their ufual
Slimuli, even after the heart is deprived of that
regular and alternate fupply of venous blood
which was wont to keep up its motion: ag

‘therefore the bile, air, and aliment, remain
in the guts equally after death as before it,
they will continue to excite the fibres of the

Z z various
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various portions of this canal into alternate
contractions, till at length they become quite
dead and rigid with cold.

MR. Boyle tells us that an eel’s, heart being
placed in a fmall receiver, became very turgid,
tvhen he exhaufted the air;, and beat as ma-
nifeftly, and more f{wiftly than it had done
before *; the reafon of which pbanomenon is ab-
undantly evident from what has been faid ;
fince the diftraction of the fibres of the heart
thus fwelled, muft have had the {fame effe@ in
quickening its vibrations, as any other fimulus.

DR. Harvey obferved, that in time of incu-
bation, the chick’s heart, whofe motion lan-
guifhed, and at length ceafed in the cold air,
quickly recovered its vigour by heat, and con~
tracted with greater force and frequencyas oft-
en as it was touched with the point of a needle
or any thing elfe that could irritate it 43 from
which it follows that the fame caunfes excite
the motion of the heart in living animals and
thofe newly dead, in the body and out of it.

TrE conclufion to be drawn from what has
been faid is, that there remains in the mufcles

of

* Philofoph. Tranfact. abridged, vol. 2. p. 222,
+ De generat. animal, exercitat. xvii,
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of animals and their nerves, for fome time
after death or their feparation from the body,
the immediate caufe of motion, which may
be excited into action, as in living animals,
by any ffzmulus or irritation. How or by what
means this happens, fhall be the fubje& of
our next inquiry.

SoME have afcribed the motions of the heart
out of the body, and confequently of other
mufcles feparated from it, to the {pirits remain~
ing in their nerves, which, bythe capillary at-
traction of thefe tubes, or the cold conftringing
them, continue for fome time to be derived
into the mufcular fibres. But from fuch an
equable derivation of the {pirits, it will be dif-
ficult to account for the regular alternate con-
tractions and relaxations of thefe mufcles, or
for their being excited and renewed by flimu-
li of very different kinds.

OTuERs have been inclined to deduce the
vibrations of the heart, when out of the bo-
dy, from the elaftic power of its fibres *, or

of

¥ Hoffman. fyftem. med. tom, 1, lib. 1. fect. 1. cap. 3.
IN° xviii.
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of the fpirits lodged in them *; which are
excited into ofcillations by any impulfe or irri-
tation, and which, obferving the fame laws
with other elaftic bodies, muft perfift in thele
tremulous motions for a confiderable time.

Bur if the motions of the heart, or other
{eparated mufcles of animals, were owing tq
any fuch caufe, how could their vibrations be
excited by bringing a red hot iron near them,
after the impulfe and tearing of a pin or point
of a knife had ceafed to have any effe&t? (N°,
13.) Will warm water heighten and increafe
the elaftic powers of any body? Does it not
rather weaken and relax animal fibres? And
how can acrid liquors, which communicate
no impulfe at all, excite vibrations in an ela-
ftic machine ?

FURTHER, as the times of thevibrations of a
pendulum in a cycloid would be exactly equal,
however unequal the arches which the bedy
defcribes, may be, were it not for the fmall
inequality that the refiftange of the air necefla;,
rily occafions; fo the vibrations of a pendulum
in a fmall arch of a circle which coincides with

the

* Lancifi de corde, prop. 58. Lieutaud element. Phyfio-
log, p. 71. 72. Senac traité du cogur vol. i. p. 434. & 452,

SR AR T -
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the cycloid, and the ofcillations of elaftic bo-
dies, would followone another at equal inter-
vals of time, were it not for the air, which, as
it refifts a greatvibration of a pendulum or ela-
ftic body more than a fmall one, muft confe-
quentlyretard it more; whence, ftrictly {peak-
ing the firft and greater vibrations of fuch bo-
dies muft follow each other more flowly than
the laft and {maller ones. But as this differ-
ence is too inconfiderable, efpecially in fmall
‘vibrations, to be perceived by us; fo, in a phy-
fical {fenfe, we may be allowed to fay, that
the vibrations excited in elaftic bodies by any
external caufe, though they be always decrea-
fing in greatnefs and force, are yet perform-
ed from firft to laft at equal intervals of time.
Let us now fee how far the feparated hearts of
animals obferve the fame law, in their moti-

- pns.

23. THE hearts of frogs, when firft their
thorax is laid open, generally beat from 64 to
66 times in a minute; but after they are fe-
parated from the body, and have been in mo-
tion fof fome time, their vibrations begin to

grow {enfibly flower, fo as only to be renew-
; ed
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ed after an interval of 2 or 3 feconds; and,
a little before their motion ceafes altogether,
I have counted 7, 10, 13, 15, 16, or more
beats of my pulfe * between their pulfations,
each fucceeding pulfation following the for-
mer not till after a longer paufe, which at
laft ended in a final ftop. In the feparated
heart of a frog (into whofe ftomach I had
forced, about an hour and a half before open-
ing it, a {mall quantity of gpzzm diffolved in
water) I obferved the intervals between the
fix laft pulfations to increafe nearly in the fol-
lowing proportion, 11, 13, 16, 19, 23, 30;
which numbers denote how many beats of
my pulfe intervened betwixt each of thefe
vibrations, From which it appears, that,
before the laft pulfation of this frog’s heart,
there was a paufe of 24 feconds.

WHAT is here faid of the mations of the
feparated hearts of frogs becoming remark-
ably flower as they grow weaker, is alfo true
of the hearts of eels; and holds not only in
the pulfations of the right auricle of a pigeon’s
heart, which remained in the body after

death,

* “T'he motion of my pulfe was at the rate of 75ina
minute.
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death, (N° 15.), butin the contractions alfo
of the mufcles of its thorax after diffe@ion,
N° 4.

SiNcE, then, the motions in the hearts of
animals after death, or after they are fepa-
rated from their bodies, decreafe gradually in
quicknefs, as well as in ftrength, and become,
at laft, {o flow, that, before they ceafe alto-
gether, the heart repofes itfelf, as it were, for
a confiderable time, and, after appearing to
have been quite dead, performs yet another
contraction flowly, and with much feeming
difficulty ; it evidently follows, that they are
regulated according to laws wholly different
from thofe of elaftic bodies ; and that every
attempt to account for thefe motions, from
elaftic powers of whatever kind, fuppofed
to refide in the heart, muft be vain and fruit-
lefs; and can only ferve to thew, that the
authors or {upporters of fuch opinion were
either ignorant of the nature of elaftic vibra-
tions, or unacquainted with the phenomena
recited above, (IN°23.).

WE may alfo fee, from what has been faid,
with how little reafon the motion of the
heart, after its feparation from the body, has

been.
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been afcribed to the alternate aion of its dif>
tending fluids and contracting folids; and
compared to the follis luforius, which being
let fall from a height, does not lie flill upon
the ground, but is immediately thrown off
from it, and continues to rife and fall alter-
nately for fome time *.

IT appears, from the experiments already
recited, compared with N° 8. 9. 10. and 11.
of Sec. 1. and with what has been advanced
Se&. X. p. 242. 243. and 256.—2¢8. that
the motions of the heart and other mufcles
after death, and when feparated from the
body, are owing to a fimulus; that where
no flimulus is applied, they either happen not
at all, or foon ceafe ; that, when failing, they
are excited a-new by any irritation ; and that,
in the laws they obferve, and the pbhenomena
they exhibit, they agree exaltly with the
motions which a ffzmulus excites in the mu-
fcles of living animals.  But we have fully
{hewn, in Set. X. that the contraions of
the mulcles of living animals, arifing from
any thing that tears, diftra&ts, or otherwife
irritates their fibres, are not owing merely to

the
% Santorini de ftruQura & motu fibree, fect. 73.
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the peculiar ftructure -and arrangement of
their parts as mechanical organs, or even to
the fole efficacy of any material powers ; but
to their being endued with feeling, and ani-
mated by a fentieht principle. Whence it
follows, that the motions of the heart and o=
ther mufcles, after dedth, or their {eparation
from the body, muit proceed from their fen-
fibility.  As long as this fentient power re=
mains, or is but little impaired, they are im-
patient of any irritation, and are, therefore,
alternately contracted and relaxed ; but when
it becomes confiderably weaker, ftronger /-
muli are required to roufe them into altion,

and even then their motion is more languid.
Dr. Harwvey, whofe mind was neither blind-
ed by prejudice, nor prepoflefled with any fa-
vourite theory, but who formed his judgment
of things, not as imagination might fuggeft,
but from repeated experiments and obferva-
tion, afcribes, without the leaft doubt, the
various and irregular motions of the chick’s
heart, when irritated by different flzmuls, to
its being endued with fenfe* ; and therefore
Aaa compares

# De generat, animal. exercitat, 17,
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compares it to an animal which lives, moves,
and feels.

Tue motions of the heart from a fimulus
greatly refemble the alternate contractions of
the panniculus carnofus of brutes, when their
fkin is tickled or ftung by infe&s: and as this
muicle cannot properly be confidered as a
mere mechanical organ, but as fomething a-
- nimated, which endeavours to throw off
whatever affets the furface of the body with
any difagreeable fenfation ; fo the motions of
the feparated hearts of animals, are not to be
afcribed to any property they can be poflefied
of as mere material organs, but to their be-
ing ftill endued with fome kind of life and
fenfe, which makes them fhew an impatience
of whatever hurts them, and endeavour; by
their alternate contrations, to throw it off.

24. AT eleven o' clock in the forenoon, I
injeted a folution of ofium in water into the
{tomach and guts of a frog, both by the
mouth and anus. In lefs than a quarter of an
hour, 1t had loft a good deal of its vivacity
and power of motion, and, when touched or
pricked, it dragged its limbs as though their

mufcles
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mufcles had been in fome degree paralytic.
In little more than half an hour, it feem’d to
have loft all power of motion. At two in
the afternoon, when I opened it, I found the
auricle of the heart, with the large veflels at-
tached to it, greatly diftended with blood ;
but there was not the leaft motion either in
the heart or its auricle: nay, fo very infen-
fible were thefe parts become of any flrmulus
or irritation, that neither tepid water, nor
pricking or tearing their fibres, had any in-
fluence in exciting them into motion. Hot
svater, indeed, being poured into the zhorax
and abdomen, made the heart and inteftines
fuddenly fhrink and contradt, in the f{ame
manner as the fleth of any dead animal does
when immerfed in boiling water; but pro-
duced no alternate contrattions like thofe
which follow the a&ion of a flimulus upon
the mufcles of living animals, or of fuch as
are newly dead. Afterwards, I cut off this
frog’s head, and with the point of a probe
preffed and broke down the fpinal marrow
into a pulp; but did not obferve the leaft
motion or convulfion in any part of the body,

25. AT
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25. AT half an hour paft one in the after-

noon, I injected a folution of oprum, as above,
into another frog, and opened it an hour af-
ter. The auricle and great veflels leading to
the heart were more than ufually filled with
blood, but not fo much as in the laft experi-
ment. ‘The heart {ftill continued its motions,
but much more flowly than in a found ftate s
its pulfations followed each other after an in-
terval of about 32 feconds: the diftended au-
ricle always contracted firft, and, after it, the
ventricle. ~ No convulfions happened in any
part of the body from irritating the {pinal
marrow, nor were any of the mufcles of the
limbs or trunk brought into contraction by
pricking or tearing their fibres.

26. I forced down into the ftomach of ano-
ther frog a fmaller quantity of a {olution of gpi-
um; and, upon opening its 7horax an hour and
three quarters after, I found its heart beating
regularly, but as flowly as in the laft experi-
ment : when I cut it out of the body, and laid
it on a plute, it renewed its pulfations fafter,
pig. once in two feconds; but, after five or fix

minutes, they became as flow as at firft.
« SINCE,
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« SiNCE, from thefe experiments, it ap-
pears, that gprum, internally applied, foon
renders the motion of the heart in frogs three
or four times flower than it naturally is, and,
at length, puts an end to it entirely, fo that the
caufes which ufe to renew it, prove quite inef-
fectual for that purpofe ; and fince oprum re-
ceived into the ftomachs of animals, is well
known to deftroy the fenfe of feeling, either
in the whole, or in part, asits dofe is greater
or lefs; is it not highly probable, that opium
ftops or retards the motions of the heart, only
as it renders it wholly, or in a great degree,
infenfible to the fimulus of the returning ve-
nous blood ; and that the contrations of the
heart, both in the body, and after it is fepa-
rated from it, are owing to the fentient power
of its fibres, by which it is made capable of
being properly affected by various femudi ¢

£ As the heart continued to beat after the
mufcles of the trunk and limbs were no long-
er affected by any irritation ; it follows, either
that its fibres are endued with a higher de-
gree of fenfibility than the fibres of other mu-
{cles, or, at leaft, that its {enfibility is not {p
foon deftroyed by the laudanum. Opium {eems

tQ
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to affect the brain fooner and more remarka-
bly than the cerebellum ; if therefore the heart
is chiefly fupplied with nerves from the latter,
its fenfibility will not be {o foon deftroyed by
this poifon, as that of the voluntary mufcles
whofe nerves are derived from the brain.

y Dr. Kaau has obferved, that the convul-
five motions which were excited by irritating
or breaking down the brain of a dog to whom
he had given fix grains of opium, were an
hundred times lefs remarkable than thofe he
had been in ufe to obferve in other dogs who
had got nothing to lull their fenfes *; and ex-
periment 2 5. above, fthews, that no convulfive
contraltions are produced, either by irritating
the mufcles themfelves, or the {pinal marrow
of a frog, an hour after a folution of opium is
injeCted into its ftomach and guts: from
which this inference is obvious, w/z. that
convulfions excited in dying animals, or fuch
as are newly dead, bydiffeGting the {pinal mar-
row, prefling it with a probe, or breaking
‘down the brain, are {olely owing to the {en-
fibility of thefe parts to any irritation, and not
to the {pirits being mehanically propelled

through

* % Impet. faciens. Nv435.
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through the nerves into the mufcles, either
by the cut veflels of the medulla, or brain re-
tracting themfelves * ; or by the prefling
power of the probe or diffetting inftrument
applied to them.

IT has, for many years, been the prevail-
ing opinion, that opium produces its moft re-
markable effects on the body, not by mixing
with the blood, but merely by its immediate
action on the nervous papille of the ftomach,
whence the brain and whole nervous fyftem
are affe¢ted in a very furprifing manner. In
fupport of this opinion, many arguments have
been advanced, fome of greater, others of
lefler weight: but the following experiments
compared together, put the truth of it be-
yond doubt.

27. A frog continued moving its limbs,
turning from its back to its belly, and leaping
about for above an hour after I had cut out its

heart; and was not quite dead after two hours
and a half.

* Kaun impet. faciens N° 333,

28, Five
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28. F1ve minutes after taking out the heart
of another frog, Iinjected afolution of opium
into its ftomach and guts.  In lefs than half
an hour it feerned to be quite dead, and nei-
ther pricking, tearing, nor cutting its mufcles,
caufed any contrattion in them, or any mo-
tion in the parts to which they belonged. A
probe pufhed into the {pinal marrow,after cut-
- ting off its head, made its fore legs contra&
feebly.

'SINCE, in this frog which was deprived of
its heart, the parts of the gpzum could not pof-
fibly be mixed with the mafs of blood, or be
conveyed along with it to the brain, their
effects muft neceffarily be deduced from their
direct action upon the nerves and fibres of the
organ to which they were immediately appli-
ed. But to return from this digreffion.

SincE the fenfibility of our fibres is owing
to their being animated by a living principle
different from matter, and of powers fuperior
to it (Sect. x.), it may be objected, that if we
afcribe the motions of the mufcles after death,
or their feparation from the body, to their be-
ing endued with fenfe, we muift not only

{uppofe the foul to continue prefent with the
body
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body after death, butalfo to be extended and
divifible.

- Bum, though thefe objections; as they are
founded in our ighorance of the nature of the
foul; and its union with the body, and of the
manner of their mutual action upon each o-
ther, ought to have little or no regard paid
them in a Phyfical inquiry; yet, to clear our
fubject, as much as pofiible, of all difficulties,
we fhall confider them particularly.

« 1 think it is not only probable, but even
demontitrable, thﬂ_,t the foul does not imme-
diately leave the body upon a total ftoppage
of the heart’s motion, and, confequently, of
the circulation of the blood, z. e. upon what
we ufually call pEATH *, but continues for
fome time at leaft prefent with it, and ready
to actuate it. Thus, a variety of infects, bats,
hedge-hogs, and feveral ether animals, which
continue in a death-like ftate in the cold win-
ter-feafon, are reftored to life by the kindly
warmth of the returning {pring, which, as
it ftimulates the folids into contraction, as well

| Beb : as

* By death is here meant the general death of the body
as a fyftem, and not the particular death of the {feveral

parts, which does not happen for fome time after.
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as rarifies and agitates the fluids, gives the la-
tent {oul an opportunity of fhewing itfélf by
its effe@ts: yet, in thefe animals, during the
cold weather, there is no circulation of the
blood; they are quite deftitute of feeling,
may be torn and cut in pieces, without thew-
ing that they have any fenfe of pain, and can-
not be diftinguithed from fuch animals as are
really dead, except in this fingle circumftance,
that, by the affiftance of warmth, they may
at any time be brought to life.

In the Northern countries, magpies and o-
ther fmaller birds, after being frozen by the
exceflive cold, have been foon brought to life
again by warmth *; nay, feveral of the hu-
man kind have been recovered by agitating
their bodies, blowing into their lungs, or ex-
pofing them to heat, after having been for
hours, nay fometimes days, to all appearance,
dead, without pulfe, breathing, or any de-
gree of natural heat. Had not the foul been
prefent with fuch bodies, and ready to a&tuate
them, is it to be imagined, that blowing
air into the azus or lungs, that heat, friction,
or any other fhimuli, could, as it were, by

fome
* Flora Siberica, prafat. p.73.
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fome magic charm, have called it back from
diftant regions? Upon the whole, it feems
certain, that after death, or an entire ftop of
all motion in the bodies of animals, the {oul
ftill remains prefent with them, and can be
again brought to exert its influence, by vari-
ous kinds of flzmuli applied to their different
parts. - May not then the fame principle con-
tinue prefent with the feveral mufcles after
they are feparated from the body, and be the
caufe of their motions when irritated? And
is it not reafonable to think, that the renewal
of life in a frozen magpye, and of motion
in* the frozen heart of a falmon *, by expo-
fing them to the heat of a fire, was owing
to the fame caufe, vzz. to the foul or fentient
principle, which being prefent with the body
of the magpye, and the feparated heart of the
falmon, was excited by the flimulus of heat
to put them in motion ? But here it will be
faid, that, not only contrary to the opinion of
many Philofophers, we fuppofe the foul to be
extended, but alfo, in oppofition to them all,
{eem to make it divifible ; which is the fecond

objection

¥ Peyer Parerg, anatom. 7. p, 200.



180 Of the ViTAL and

objetion mentioned above, and to which we
now proceed to give an an{wer.

£ As the {choolmen {uppofed the DerrTy.
to exift in every wbi, but not in any place, which,
as a learned and acute writer haswell obferved,
is to fay, in Latin, that he exifts every where,
but in Englifb, no where; {o they imagined the
foul of man not to occupy {pace, but to exift
in an indivifible point.  Yet, whoever con-
fiders the ftruture and phenomena of the ani-
mal frame, will foon be convinced that the
foul is not confined to an indivifible point,
but muft be prefent at one and the fame time,
if not in all the parts of the body, yet, at
leaft, where-ever the nerves have their ori-
gin; 7.e. it muft be, at leaft, diffufed along
a great part of the brain and {pinal marrow.
Nay, while, in man, the brain is the principal
{feat of the foul, where it moft eminently dif-
plays its powers; it feems to exift fo equally
through the whole bodies of infects, as that
its power or influence fcarce appears more re-
markable in one part than another: and hence
it is, that, in fuch creatures, the feveral parts
of the bedy live much longer after being fe-
Parated from each other, than they do in man

and
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and the other animals more nearly refembling
him, where the foul feems chiefly to act on
the different parts by means of their conne-
xion with the brain and fpinal marrow ; or,
at leaft, where the cutting off fuch connexi-
on, foon renders the parts unfit to be any
more acted upon by it. The amphibious ani-
mals feem to hold the middle :place, between
man and the infe& tribe, as to the diftufion
of the foul through the body, and its power
of moving the various parts independently of
the brain.

IT was not, therefore, altogether without
reafon, that fome of the greateft Philofophers
of the laft and prefent age, fuppofed the foul

to be extended *,
Bur

* Gaffendiy Dr. Henry-Mare, Sir Ifaac Newten, Dr. Sam.
Clarke.
" Gaffindi argued for the foul's being extended in the fol-
lowing manner. If it be faid, that the foul refides in a
oint of the brain, this is either phyfical or mathema}:ical 5
if phyfical, the difficulty fltill remains, becaufe this is ex-
tended, and confifts of parts, and confequently the foul
muft be extended which occupies it: if mathematical,
which has no dimenfions, how can the nerves, which are
not mathematical lines, all terminate in that which hath
neither length, breadth, nor thicknefs. Gaffend. object. con-
ira meditat. Defeartes, p. 32. 33
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Bur if the foul, without extenfion, be pre-
fent at one and the fame time in different
places of the brain ; and if in many animals it
can act along the fpinal marrow for a great
while after the head is cut off, why may not
it alfo actuate parts feparated from the body,
without being extended ! On the other hand,
if we allow the foul to occupy fpace, I don’t
fee why it may not continue to be prefent
with the parts of its body after they are fe-
parated, as well as when they were united.
And with refpe&t to the divifibility of the
foul, which is generally thought to follow
from the fuppofiticn of its being extended ;
why may it not be a {ubftance {o perfeétly and
eflentially one, as that a divifion or feparation
of its parts would neceflarily infer a deftru-
¢tion of its eflence ! Further, if the foul can
be prefent in all or in any confiderable part of
the body at one and the fame time without
being difcerpible, its {phere of exiftence be-
ing fo much increafed, as to enable it to at
upon the parts when feparated, will not in-
fer its divifibility, As the DeiTvy is every
where prefent, and, in the infinitely diftant
parts of fpace, actuates at the fame’time a vaft

variety
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variety of different fyftems, without any incon-
fiftency with his uNITY or INDIVISIBILITY ;
fo, may not the fouls of animals be prefent e~
very where in their bodies, actuating and en-
livening at the fame time all their different
members? Nay, further, when the fibres
and threads connecting fome of thefe parts
are divided, may not the foul ftill a& in the
feparated parts, and yet be only oNE mind ?
IT muft be owned, there is a great deal
of difficulty and obfcurity in thefe matters.
But what hypothefis can we embrace that will
clear us of them, or to what part of nature
can we turn our inquiries where we fhall not
find fomething to puzzle us, fome myftery
at laft which we cannot unfold ? Nor is this
to be wondered at ; fince, in the prefent ftate,
our knowledge is very much limited, and we
have only accefs, as it were, to the furface of
things! But becaufe we cannot explain fully,
are we therefore in noways to attempt ex-
plaining the operations of nature ? Becaufe,
in accounting for the fpontaneous motions of
animals, and fhewing their dependence on
the foul, there occur fome difficulties with
refpe to the nature of an immaterial fub-

ftance,
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france, its manner of exifting, and way of
alting upon, or being prefent with the body 3
are we therefore to deny the reality, influence
and action of this principle, which; from a
variety of argumients, appear undeniable ? At
this rate, we oaght to give up 4ll inquiry into
the works of nature, and, with our arms a-
crofs, fit down contented in ignorance !

BuT, notto perplex ourfelves any longer
with metaphyfical difficulties, we fhall recite
a few experiments and obfervations; from
which we are led, by the moft obvious analo-
gy, to conclude, that the motions of the fepa-
rated parts of animals are owing to the foul
or fentient principle ftill continuing to a in
them.

29. A frog lives, and moves its members,
for half an hour after its head is cut off*; nay,
when the body of a frog is divided in two,
both the anterior and pofterior extremities pre-
ferve life and a power of motion fora confi-
derable time. |

30. A young cock, whofe head Dr. Kaaz
fuddenly cut oft with a fharp razor, as he was

runhing
* Kaau impet. faciens. N° 331, '
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tunning with great eagernefs to his food, went
on in a ftreight line 23 Rhinland feet, and
would have gone farther, had he not met with
an obftacle which ftopp’d him *. The fto-
ry, therefore, mentioned by Lord Verulom,
of an oftrich running along the ftage after its
head was ftruck off with a forked arrow
by one of the Roman Emperors, is no way

improbable -

31. A viper, after being deprived of its head
and intrails, moved towards a heap of ftones
in a garden where it ufed to hide itfelf 1.

32. THE bodies of vipers not only move
two or three days after they have been depri-
ved of their fkin, head, heart and other bow=
- els, butare alfo manifeftly fenfible of pun-
&ures, by means of which they may be made

to move with greater vivacity ||.

33. THE female butterflies into which filk

worms have been metamorphofed, not only
b i admit

# Impet. faciens, N° 331. :
4 Sylva fylvarum, on the word /ife.
aau impet. faciens, N° 331

1 e
W ‘Boyle's Ufefulnefs of Experim. Philof. part 2. p. 164
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admit the male, after lofing their heads, but
. alfo lay eggs *.

34. REDI informs us, that a land tor-
toife, whofe brain he extracted by a hole
made in its fcull, in the beginning of Noven-
ber, lived till the middle of May following.
Immediately after the lofs of its brain, it thut
its eyes, nor ever opened them any more, but
continued to move and walk about until the
time of its'death. When the {cull was o-
pened, its cavity appeared quite clean and
{mooth, and nothing was found in it except
a fmall dry clot of blood. The fame experi-
ment he repeated on various other tortoifes,
fome of which lived a longer, others a thorter

time, but none of them lefs than fifty days +-.

35. A large tortoifs, whofe head Red: cut
off, allowing the blood to flow freely from
the open veflels of its neck, lived after this
twenty three days; and though it did not
walk about like thofe which were deprived
of their brain, yet as often as its fore or hind.

' feet

* Boyle's Ufefulnefs of Experiment. Philofoph. part. 2.
p. 16.

+ Obfervation. circa animal. vivent, p. 209.& 214.
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feet were pricked, it moved them with great
force, and was otherwife convulfed. In two
tortoifes which he opened fifteen days after
decollation, he faw the heart beating as in a
living animal, and the blood circulating
through it *.

HERE, we are naturally led to obferve, that
while thofe animals who have a fmall brain
and large {pinal marrow, live long after decol-
lation ; man, and moft quadrupedes, which
have the brain remarkably large, furvive the
lofs of it only for a few moments.

e Ir the motions of a tortoife, after decol-
lation (3 5.), or thelofs of itsbrain (34.), cannot
proceed from mere mechani{fm, but muft be
undoubtedly afcribed to the living principle
which caufed its motions in a found ftate;
and if the fame thing is true of the a&ions
performed by butterflies after the lofs of their
heads (33.); it mufl follow, that the motions
and other figns of life which are obferved in
the trunk and limbs of a frog for above half an
hour after its head is cut off (29.), are to be
attributed to the fentient principle, to which
its motions and a&ions were owing, when'in

an
& Obfervat, circa animal, vivent, p. 212. 213.
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an entire ftate; and if fo, then the motions
of this body, when divided into two parts,
muft al{o be referred to the fame caufe, fince
they are of a like kind, although of fhorter
duration. ~Shall we then deny that the moti-
ons of its feparated heart and limbs, which are
fimilar to thefe,and are increafed and renewed
by the application of the {ame caufes, pro-
ceed from the fentient principle ftill ating in
thefe parts? This would be to negleét the
{trongeft analogy ; and muft be the more in-
excufable, as no other caufe can be affigned,
which accounts fo well for the appearances.

£ WEe have no other way to fatisfy our-
{felves that an animal is alive, or endued with
feeling, but by obferving, whether it thews
an uneafinefs when any thing hurts, or tends
to deftroy any of its parts,and an endeavour to
remove or avoid it. Since therefore the bodies
of vipers make juft the fame kind of motions
when pricked with a fharp inftrument, two
or three days after lofing their head, heart,
and other bowels, as if they were entire(32.);
we are ﬁatumlly led to conclude, that they are
{till, in fome fenfe, alive and endued with feel-
ing, 7, ¢, animated by a fentient principle.

| And
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And as the mufcular parts of thefe creatures
move after being cut in pieces, and are fen-
fible of punctures, it alfo follows, that they
continue {till to be animated.

v Laftly, Ir the motions of the mufcles in
a cock’s limbs after decollation (30.),are, with-
out difpute, owing to its foul ; may we not
alfo afcribe to the fame principle, the like, but
lefs remarkable, motions, in men and qua-
drupedes, after their heads are ftruck off, and,
confequently, the tremulous motions and
palpitations of their hearts too, after death
or {eparation from their bodies.

To fum up all in a few words; from what
has been faid, it appears undeniable, that the
involuntary motions of living animals, and the
alternate contractions of their mufcles, after
the general death of the body, or their being -
{eparated from it, are owing to one and the
fame caufe; w7z, an irritation of their fibres
or membranes, or of {uch parts as are nearly
conne@ed with them. If then, as we have
fhewn (Sec. x.), the motions of animal fibres,
from a_fzmulus, moft certainly befpeak a feel-
ing, and cannot be explained unlefs we admit

it; and if feeling be not a property of matter,
but
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but owing to a {uperior principle, it muft fol-
low, by neceffary confequence, that the mo-
tions of the heart, and other mufcles of ani-
mals, after being feparated from their bodies,
are to be afcribed to this principle; and that
any difficulties, which may appear in this
matter, are owing to our ignorance of the na-
ture of the foul, of the manner of its exift-

ence, and of its wonderful union with, and
attion upon the body,

CONCLUSION.

S Philofophical inquiries, however agree-

able and entertaining they may be to the
mind, become ftill more interefting when they
can be applied to practice ; Iintended to have
thewn, how far the theory of the vital and
other involuntary motions, which we have
endeavoured to eftablith, may be ufeful to-
wards explaining the nature of feveral dif-
eafes, and confequently towards pointing out
the moft proper method of curing them.
But, as this Effay has {welled to a much
greater bulk than I at firft expected, I fhall

now ,
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now, omitting that part of my defign, con-
clude with a reflexion of a duferent nature.

From what has been offered, then, in the
preceding pages, it may appear, how un-
juftly the ftudy of Medicine has been accufed
of leading men into Scepticifm and irreligion.
A little Philofophy may difpofe fome men to
Atheifm ; but a more extenfive knowledge
of nature, will {furely have the contrary effect.
If the human frame is confidered as a mere
corPorREAL fyftem, which derives all its
power and energy from matter and motion ;
it may, perhaps, be concluded, that the 1m-
MENSE UNIVERSE itfelf is deftitute of any
higher principle: but if, as we have endea-
voured to thew, the motions and actions of
our fmall and inconfiderable bodies, are all
to be referred to the active power of an
i MMATERIAL principle; how much more
neceflary muft it be, to acknowledge, as the
Author, Suftainer, and Sovereign Ruler of
the univerfal {yftem, an INCORPOREAL NaA-
TURE every where and always prefent, of in-
finite power, wildom, and goodnefs ; who
condu@s the motions of the whole, by the

moft,
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moft confummate and unerring reafon, with=
out being prompted to it by any other im-
pulfe, than the original and eternal benevo-
lence of his nature !

Nam quis non videt, finite fi breve corpus
Subjicitur menti, mens quanta fit illa fupremo
RQuee regit arbitrio vaftum quem condidit orbem?
Non poterit fine confilio tam parva moveri
Machina, tam fragilis ; te judice, tanta regetur
Mentis inops! Credant Epicuri de grege porci*.

Tue true Phyfiology, therefore, of the
human body, not only ferves to confute thofe
Philofophers, who, reje&ting the exiftence of
IMMATERIAL BEINGS, afcribe all the pheno-
mena and operations in nature to the powers
of matter and motion ; but, at laft, like all

other found Philofophy, leads us up to the
First Cause and fupreme AuTHOR of ALL

who is ever to be adored with the profoundeft
reverence by the reafonable part of his crea-

tion.

* Polignac. Anti-Lucret. lib. 5. lin, 1376. &,
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