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1L. A4 Difeourfe concerning fome Influence of Refpira-
tion or the Motion of the Heart, hitherto un-
obferved. By J. Drake, M. D, E. R. S,

Ho divers accurate Treatifes of the Heart, and its a&i-
on, have been written by Learned Men of feveral
Nations, efpecially by two of our own Country 5 the Great
Dr Harvey, to whofe happy Sagacity this Nation owes the
Glory of the Inventivn of the Circulation of the Blood
and the incomparable Dr Lower, to whom we are behold-
ing for a compleat difplay of the Mechanical Structure of
the Heart, and a moft ingenious Rationale of its Acion.
Yet there remain feveral doubts and difficulties about it (in
my opir i) not fufficiently accounted for, towards the re-
folving {ome of which I fhall offer what my own thoughts
have fuggefted to me, and leave it to the confideration of
the Reader.

The Learned Dr Lower ( whofe accurate. piece on this
Argument will infure his Reputation fo long as Phyfical
knowledge fhall laft in eftecem ) has fo well accounted for
the Syfto’e, or Contraltion of the Heart from the Mecharni=
ecal Struture of it, that he {eems almoft to have exhaufted
the fubject, and had he becn as happy in diftovering the
true caufe of the Diaflole, he had lert little room for the
Induftry and Sagacity ot others about this Vifous.

But having judicioufly and folidly explain'd the-Syftole,
he contents himfelf to afcribe the Diaflole to a motion of
Reftitution, which account gives mz no f{atisfaion : Be-
caufe the Syftole being the proper, and (as himfelf confeflis)
the only motion of the Heart, a {tate of Contraition {cerns
to be the natural ftate, and confequently without external
violence, it fhou’d have no D:afdole at i
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This will appear more plain, if we confider the circum-
ftances of it, and its motion, as a Mufcle, with refpe& to
other Mufcles. That Contraftion is the proper Acion,
and (tate of all Mufcles, is cvident from Experience of
Fa&, as well as Reafon. For, if any Muftle be frced from
the power of its Antagomif?, it is immediately contraFed,
and 1s not by any alion of the Will, or Spirits to- be re-
duc’d to a frate of Dilatation. Thus, if the Mufcnli Flexo»
res of any Joint be divided, the Extenfores of that Joint
being by that means freed from the contrary Action of their
Antagonifls, that Joint is immediatcly extended without
any confent of the Will, and ia that ftate it remains 5 and
fo Pice verfd if the Extenfores be divided. From whence it
is plain, that the Mufcles have no reftitutive motion, but
what they derive from the Action of their Awtagonifls by
which they are ballanc’d.  Thus likewile the Spiucters of
the Gula, Auns and Vefica, having no proper Antagonifts,
are always in a ftatc of Contra&ion, and fuffer nothing to
pafs’em, but what is forced thro’em by the contrary Atie
on of fome {tronger Mufcles, which, tho not properly to
be call’d-Autagonifts, yet on all neceflary cccafions per-
form the office of fuch.

That the Heart is a Mufcle, furnifh’d and inftructed for
motion like other Mufcles, 15 (in my opinion at lcaft) de-
-monftrated beyond contradition by Dr Lower and others.
And, as it is a Solitary Muftle wicthout any proper Awtago-
#iff, and not direttly under the power of the Will, nor
excercifing Poluntary motion, it approaches nearelt to the
Sphinéfer kind, which only has thete conditions i common
with it, But in conftant and regular alternations of Cone
wraction and Dilatation, it difters exceedingly from all the
vMufcles of the Body.

This reciproead HEjhus of the Heart has given the Learnad
abundance of trouble 5 who, iinding nothiing “peculiar
he frodture, which (houd uccetiarily occafion ic, nor any
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Antagonift, whofe re-action fhou'd prodace it, hiave been
extreamly perplext to find out the caufe of it.

But pafling over the various opinions of Authors, to a-
void being tedious, I fhall eake notice here only of the very
Learncd Dr Lower’s, in whofc account of the Syffole, how-
ever folid and ingenious, I obferve fomething deficient,
and whofe Hypothefis of the Diaftole I think to be precari-
ous and falfe.

This exccllent Author, having by found Arguments,
drawn from the Stru&ure and Mcchanifm of the Heart,
eftablifht the certainty of its Mufcular Motion, refts fatis-
ficd, without taking notice of any Affiftance, that the Heare
receives from any other Part, except from the Brain, by
the means of the eighth Pair of Nerves.

The Accurate Borellus in his Oeconomia Animalis com- ,
putes the Motive Power of the Machine of the Heart to be 5“" 2
equal to, or to furmount that of a Weight of 3000/, The Pk e
Obfbacles to the Motion of the Blood thro the Arteries he
cfteems equivalent to 180,000 /. which is 60 times as much
as he rates the Force of the Heart at.Then dedutting 45,000 /.
for the Adventitious Help of the Mufeular Elaftick Coat of
the Arseries, he leaves the Heart' with a Force of 3,600/, .,
to overcome a refiltance of 135,000/, thatis, with 1 to
remove 45.

This {tupendous effeé he contents himfelf to afcribe to
the Energy of Perculfion. But, had he proceeded in his
Calculation to the Veins, which he allows to contain con-
ftantly a quantity of Blood, quadruple to the Contents of
the Arteries, and to which this Energy of Percuffion dces ci-
ther not reach at all, or buc very languidly, he might pro-
bably have feen a neceflity for fome other Expedient to re-
move fo infuperable a difficulty.

Put not to infift rigoroufly on the exaltnefs of this Cal-
culation (tho the great Abilitics of the Author in this way,
and his Ingenuity and Modclty, are a fufficient Warrant for
the accuracy of his Computations, and the fidelity of his
Accounts ) we may allow a much greater Deduction, than
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would be juftifiable, without leflening the difficulty. Bue
this account I have taken notice of purely for the fake of
the Calculation, which may be of ufe in the Sequel, the
account it {elf being in other refpedts more defective than
Dr 1 ower’s, to which we will return.

The Dr, notwithftanding his great Sagacity, appears (to
me) to have overlookt fomething of very great moment,
and importance in the explication of the Altion of the Heart.
For, tho itfhou'd be granted, thatthe Mufeular Fibres of the
Heart a&ted by the Nerves, are the immediate Inftruments of
its Conftriition or Syftole, yet itmult not be denied, that the
Intercoftal Mufcles and Diaphragm are of great fcrvice to
aid and facilitate this Contraction, by opening a Paflage for
the Blood thro the Lungs, which denied wou'd bean invin-
cible obftacle.

Neither do-they promote it that way only. The man-
ner how they fartheraffift the Heart in its Contraction, will
appear manifeftly, if we confider the different Pofture, Sci-
tuation and Capacify of the Blood Veflels of the Lungs in.
the feveral times of Elevation and Depreffion of the Cofte-

The Pulmenary Artery rifes from the right Ventricle of
the Heart, and runs inone Trunk, till it comes to the Afpera
Arteria, where it is divided, and fends a Branch along with
each divifion of the Afpera Arteriaaccording to all the minuteft
fubdivifions, of which it is likewife fubdivided, accompany-
ing all the Bronchi, in their whole progrefs thro the Lungs.

The Pulmonary Vein, which emptics it {elf into the Left
Ventricle of the Heart, fpreads it {clf on the Afpera Arteria
and Bronchi, 1n the fame manner that the Artery docs. -

The neeeflary confequence of this difpofition 1s, that this
Artery and Vein being coextended with, and falten'd to the
Brounchi, muft nceds {uffer {uch alteration of Superficial Di-
menfions,as the Browchi dointhe Elcoation or Depreffion of
the Cofbe.
~ While theRibs arcin afratc of Drepreffion (whether
before Commerce with the external Air or after) the dnmu-
far €artilages of the Browchi thrink onc into another, and by
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that means their Dimenfions are exceedingly contralted. In
conformity to this condition of the Broncki the Pulmonary
Artery and Vein muft likewife, either by means of their
Mufcular Coats contral themfelves to the {ame Dimenfions,
or lyc.in Folds or Corrugations, which is le(s probable.

~ On the other hand, when the Ribs arc clevated, and the
Di aphragm bearsdownward, the Air ruthing into the Lungs,
thoots out the Cartilaginons Wings, and Divaricates the
Branches of the Trachea, and by them extends and divari-
catcs the fcveral divilions of the Pulmonary Artery and
Veins, and thereby lengthens and enlarges their Cavities.

" This enlargement of their Cavities is very confiderable,
not only upon the feorg of the addition, which they re-
ceive in length thereby, but alfo upon the account of cheir
Divarication. Yor whercas, when the Ribs are depreft,
and thc Lungs fubfide, the Blood Vefleis are not only con-
traded, ( as { have alrcady oblerv’d ) but their Branches,
which are excceding numcrous, approach one another, and
lic in juxta-pofition, by which their Cavitics are very much
comprefs'd and ftreighten’d : when the Ribs are elevated,
and the Lungs turgid with Air, not only the Fibres, by
which their Coats in the oppofite State were contracted,
arc cxtended, but thofe innumerable Veflels, which lying
before in lines almoft parallel upon onc another, comprefs'd
one another, making an acute Angle at their Junctares, are
divaricated and {cparated from each other, and make an
obtufe, whercby their Channcls are widen’d.

Thus a paflage is open’d to the Blood, from the Right
Ventricle ef the Heart to the Left, thro the Lungs, to which
it cow’d not otherwifc pals 5 and the oppofition, which the
Blood, contain’d®in that Ventricle, muft otherwife neccfla-
rily have madc to its conftriCtion, is taxen off, and the Sy-
flale thereby . facilitated.

" Nor is that all.  For the Digftole being caus’d (as 1 fhall
in the fequel thew) by the Force of the Blood rufhing into
the'Veatricles, this Ampliation and Extenfion of the Pal-
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monary Artety is a fort of Check or Comnterpoife to it, and
prevents an endeavour towatds two contrary Adions at
once, which muft neceffarily fruftrate both. For the Heart
being a Springg, Comprelfible Body, whofe proper Attion,
which is Contradtion, depends on the influx of certain Flu-
ids into its Fibres, or Subftance ;3 and containiog befides a
Fluid in its Ventricles, or great Cavitics, in one of which is
the Mouth of this Artcry, the altion of this Veflel moft in
great meafure relemble that of a Syringe, whofc extremity
15 immers’d in Water, the Enlargement or Expanfion of the
Channels of the Artery an{wering the drawing of the Em-
bolum, as the Conftritive Motion of the Mufcle of the
Heart docs the Preffure of the Atmofphere upon the Surfuce
of the Water, the one making way for the fluid, and the
other forcing it to follow, where the refiftance is lealt. In
this fenfe we may allow a fort of Attrattion to the Pulmo-
nary Artery, depending wholly upon the A&ion of the In-
tercoftal Mufcles and Diapbragne, which we muft therefore

confefs to be very ferviccable and inftrumental in promoting

the Syficle of the Heart.

But if the Learned Author be deficient in his account of
the Syffole 5 that is, it he has not obferv'd all the Mecha-
nifm and Coutrivance of Nature for the Contrattion of the
Heart 5 much lefs fufhiciently has he accounted for the Dia-
flole, or Dilatation of it, which he afcribes to a Motion of
reflitution of the over-ftrain’d Fibres, which yet he con-
feffes are made for Comflriction only. °Tis truc, heim-
mediately after joyns the influx of the Blood as a concura
rent caufe 5 but from the {light notice that he takes of it,
‘tis plain, that he did not fo much as dream of any great
thare it had in that action. His words are thefe.

Ouin & (ut obiter hoc moneam ) cum omnis motus contrati-
one perficiatur & Cordis Fibre ad confirictionem [olum falle fint,
apparet guoque Cordis wmotum totum in Sy{xolc pofiturz ¢ffe 5 cuimg;,
Fibre nltra tonum furm in omni conflrittione cjws tendaninr,
idcirco ubi nixus ifle abfolvitur, moln quafi rcftitutionis Cor
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iterum relaxakyr, & fanguine o Venis influcnte rurfus diffevds-
tur 5 a nulto emim cordls motn, _niff tenfionem {uam remit-
tente, & b irruente fanguine Dialtole ¢jus libratis adco wiri-
bus fuccedit. o _

I'have tranferibed the eptiré. Paragraph,’ becaufe it con-
tains his whole Hypothefis of. t'hcAD'i;zﬁ:)lc, andall the notice
that be takes of it thro his whole Work. But how flender fo-
cver this may prove, it 15 the moft {ubftantial that [ have
any where met with, except a late onc of Mr Comper,which is
properly an improvement-of this, and fhall be confidered in
the fequel. )

But, if Contraction be the fole Attion of thefe Fibres (as
this Great Man confefles it to be) and as 1ndeed it is of all
Mufeular Fibres, 1 wonder how f{o judicious a Writer came
to {lip into «fuch an abfurdity, as to call their Diftenfion
(vulgarly but improperly called Relaxation) a Motion of
Reftigution. For from the Nature of thofe Fibres, and their
difpofition in the Structurc of the Heart, thc Natural State
of the Heart appears manifeftly to be Tomical, and its Dila-
tation a State of Violence ;3 and confequently the Con-
{triction is the truc motion of Reftitution, and the State to
which it will fpontancenfly return, when the Force is taken
off, which is thc work of the Intercoffal Mufcles and Dia-
phragm.

Thus we are left (till to feck for the truc caufe of the
Diaflole, which {eems to me to be the main and moft diffi-
calt Phenomenon, relating to-the Heart and the Circulation
of the Blood.  But in Mr Cowper’s ingenious Introduction to
his Awatorey of Human Bodies, 1 find the Share which Dr
Lower hints the Blood to have in that Action, further pro-
{teuted, and improv’d into the main In(trument of the Di
jatation of the Heart, wherein I agree entirely with hin.

Jut as to the manner, and reafons of its being (o very In-
{trumental, T can’t be {o perfedtly of his mind.

The Heart (fays this accurate Anatomift) of an Awinzal’
bears a great Analegy to the Pendulums cf thofe Artificial
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Automata, Clocks and Watches, whilfd its Motion is performed
Like that of other Mufcles, the Blood doing the Office of « Pon-
dus.

This Explication, being but a Simile without a diftin@
application to particulars, is befide fo very fhort, that Ican
at beft but give a conjetture at the meaning, which if I
miftake, 1 fhall deferve to be excufed, and cxpeét to be bet-
ter inform'd.

By the Blood’s doing the Office of a Pondws, 1 fuppofe
he means, that the Blood contributes in the {ame manner
to the Motion of the Heart, as the Weights do to that of
the Pendnlum of a Clock. 1f fo, the Blood, according to
him, muft be the Inftrument of Conflriction 5 and Dilatation
muft be the Natural State, or Spontaneons Motion, to which
it wou'd, when under no Violence, return 3 " the contrary
of which, I prefume, will appear ¢’re I have done.

But if he means, that the Blood in its reflax, by gravi-
tating on the Auritles and Ventricles, dilates and expands
‘em, ating therein as a Counterpoife to its contraction as a
Mufele, I cou’d wifh his dcfign had not bound him up to
{o narrow a compafs, and that he had given us an cxplica-
tion at large of fo abrufe and fo important a Phenomenoan.
Becaufe the Specifick Gravity of the Blood feems to mc a
caufe by no means alone adcquate to the effect, which it 1s
here fupposd to produce.

for, 1f the Blood alts only as a weight by mecr gravitati-
on, then that part of it only which defcends from the Par:s
above the Heart can be cmploy’d in that attion.  This at
the largeft computation can’t amount to five pound wcight,
and muft, according to the computation of Borellus, force
a Machine,that is able to overcome a refiftance of 138,000/,
I leave every man to deduct what he (hall upon examinati-
cn find reafonably to be deduied, and yet thall reft fzcare,
rhat it 1s not to be effe¢ted i the lcalt with {o {mall a
Weight.
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But neither does the Refluent Blood gravitate in any fuch
proportion, as I have hcre affign’d.  For to make a true
eftimate of its Grevitation, we mult confider .the circum-
ftances of the Liquor fuppos'd to gravitate 5 in which jt
very much refembles Water inclos'd in a recurve Tube, of
which, if the length of the two Legs be equal, it may be
fulpended in the Air full of Watcer, with the Extremitics
downwards, without lofing a drop, altho the Diameter of
thofe Legs thou'd be very unequal.  The Cafe of the Arte-
ries and Veins is pretty near a parallel to a Tube, fo fil'd
and invertcd.  For, if the Arteries and Veins be continued
Tubes, ( as by the Microfcope they are made to appear )
then fuppofing their contents to have no other determinati-
on of Motion, than their own weight wou'd give ‘em, the
contain’d Fluids muft be counterpoifcs to cach other,  For
the Veins and Arterizs being join'd at the {maller extremi-
tics, and the larger of both terminating in the {ame Paralicl
Line, it is impoffible, according to the Laws of Hydrofta-
tics, that the contents of cither thou'd overballance t'other.
How far then muft it fall thort of forcing the natural Power
and Refiftance of fo ftrong a Mufcle as the Heare, by meer
Gravitation.

The Biood indeed has a Progreffive Motion thro its Vei-
{cls, whercin it differs from Water, in a recurve Tubz, in
the cxpcriment above {tated.  But, if the natural Gravita-
tion of the Blood contributes nothing to the Dilatation of
the Heart, this Progreflive Motion will not be found much
more fufficicnt.  For, as this Motion is deriv’d en‘ircly from
the Heart’s Conftriction (as all accounts hitherto derive it)
cou’d the Blood be fuppos'd to rc-a& upon the Heart, with
all the force firlt imprefs'd upon it by the Heare, it wou'd
be infufficicnt, unlcls we will fuppofc the Ferce communi-
cated to be {upcriour to the Power Communicant, which is
abfurd.

But when the juft and neceffary Dedu&ions for the Im-
pediments, which the Blood mccts with in its Progrefs
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thro the Velels, {hall be made, the remaining Force will
be found fo exceeding weak, that to prop the Blood thro
the Veins may be a task alone too great for fo {mall a
Power, without charging it with the additional difficulty
of forcing the Mulcle of the Heart,

Alphonfus Borellus, aftcr a great deal of folemn pains
taken to fhew his care and exaltnefs, and to poficfs his
Reader of the truth of his Calculations, cafts up the Force
of the Heart, and the Mufcular Coat of the Arterics, to be
together equal to a weight of 3,750/, and allots ‘em a Re-
filtance equal to 180,000/, to overcome which is 45 to 1.
To make up for a difproportion, by his own conteflion,
incredible to thofe who have not confidercd the matter as
he had done, he flings into the Scale the additional Force
of Percuffion, which he leaves indefinite, and thinks fuffici-
ent to force any quicfcent finite Refiftance whatfoever.

But as this Acconnt and Hypothefes arc part of a Pofthu-
mous Work (if a liberty of Conjctture may be allowd in
{o uncertain a matter,) 1 fhou’d fufpect, that thefe Papers
were left unfinithe by Borel/us 5 or at lcaft, that in many
places the laft hand was never put to em.  For, ncither in
this Place, nor any other of this Work, docs he account
for any more than the Syffole ot the Heart, and the refift-
ance which is made to the Progreflive Motion of the Blood
in the Arterics only, Thisalote he found to exceed the
Power of the Heart {o prodigioufly, that he {cems to fhuf-
fle it off his hands with a gencral and precarious Solution,
as a difficulty that he was dcfirous to berid of. For, having
afcrib’d this ffupendows (as he himfelf calls it ) effet to the
Energy of Percuffion, he takes no care to fatisfic his Reader
any farther about it, or to refer him, or give him the ex-
pectation of fatisfaction any where clfc; altho he has ar
exprefs Treatifc on.the Force of Percuffion, which waswrit-
ten preparatory to this, and to which he frequently refers
in other Places of this Work: But what confirms my fuf-

picion, that this part was intended for a farther Revife by
the
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the Author, is, that he has lcft the Progrefs of the Blood
thro the Veins, and the Diaffole of the Heart, abfolutely un-
touch'd, tho they are difhiculties of a much greater Magni-
tude, than this which he has attempted to account fo
{lightly for. For, in thefe heis cxcluded the bencfit of
Percuffion, and has yct a greater refiftance to overcome
without it. Omiflions of this kind are fo unufual with
this Author, where-cver he knows himfclf to go upon
fure grounds, that it is to me an Argument, that he doubt-
ed the fufficience of his Percuffzorn, and rcferv'd thefe im-
portant Phenomena for farther confideration, without
plunging himfclt into fuch an Abfurdity as to afcribe to
Percuffion any {uch Energy as to be able (fo proken as it re-
turns to the Heart) by 1ts re-aftion to forcc that Power,
from whence only it was at firlt deriv'd.

Dr Lower and Mr Cowper dcliver their Opinions of the
Caufe of the Dilatation of the Heart fo very fhort, and
without any Arguments to {upport ‘em, that by cxpofing
‘emn naked, they {eem rather to difcourfe of it tranfiently,
as men obliged by the natare of their Subjeéts to fay fome-
thing of it, than folicitous to give any full or f{atisfattory
Account, and thercfore I fhall proceed no farther upon ‘em
here. .

But tho the Hypothefis of DBorellus may in this cafe be
found precarious or infufficient ("a misfortune that has be-
fallen him in divers other particulars) his Theery holds ftill
good. At lcaft it ought to be allowed in juftice to his
great Abilities and ExaCnefs, till fome body cenvitts him
of {ome material Error in his Calculations, which has not
as yet been done by any body, that I know of.

Suppofing then the Force of the Heart, and of the Muf-
cular Coat of the Arteries, as likewife of the refiltance,
which they muft overcome, to be computed with any de-
gree of accuracy, there remains yet fuch a_prodigious dif-
proportion to be accountéd for, as requires fome morc pow-
erful Agent, than any yet affign’d, to make up the defici-
ency. Dddddddd 2 What
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What affitance the Heart reccives from the a&ion of
the Thorax towards the facilitating its contraction, with-
out which affiftance there cou'd have been no Syftole, has
been already thewn.  But ncither the Intercoftal Mufcles,
or Diapbragm, which arc {o inftrumental in that part of its
action, can contribute any thing to the Diaflele 5 becaufc
they ferve only to enlarge the cavity of the Thorax, and
thereby to open 2 Paflage to the Blood from the Heart, and
promotc its Conftriction.

Whatever therefore the Force is, that dilates the Heare,
and is the Caufc of the Diaflole, it muft be cqual to that of
the Heart, the Intercoftdl Mufdces and Diaphragm 5 to all
which it ats 4s an Antagonift. [ takc no noticc of the
Serratws Major Anticas, and other Mufcles, which have an
obfcurc thare in the Elevation of the Coffe, becaufc as much
may rcafonably be deducted upon the account of the Ob-
Liquus externus Abdominis, ard other Mufcles 5 which, hav-
ing their infertions on fome of the Jowcer Ribs, are as in-
{trumental towards the Depreffzon of ‘an, and fo ballance
the account.  But the chict ufe of thefe 1s in violent Refpi-
ration. In ordinary Refpiration thicir fhare is {mall.

Such a real Power ( which may in the leaft be fufpeced
of any fharc in this Action ) is hard, -perhaps impoiliblc to
be found in the Machine of any Animal Body 5 and yet
without fome fuch Antagonift,it is as impoffible the Circu-
laticn of the Blood thoud be mamtain'd.  All the Engincs
yet difcover’d within the Body confpire towards the Con-
ftriction of the Heart, which is the State of Quiefcence, to
which it naturally tends.  Yct we find it alternately in a
State of Violence, that is, of Dilatation 5 and this upon nc-
ceflity, becaufe upon this Alternation depends all Animal
Life.

Some fufficient Caufe external muft thereforc be found,
to produce this great Phenomcenon, which Caufc muft be
either in the Air, or Atmofpbere, becaufc we have no con

ftantt and immediate Commerce with any other Mediams.
Some
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Snme great Phyficians obfcrving this, and that deprivit
by -what{oever Means cf Communication witiy the external
Air, we became inftantly extinck, have imagin'd, that in
the A&t of Infpiration certain purer parts of the Air mixed
with the Blood in tixe Lungs, and was convey’d with it to
the Heart, where it nourilb’d a {ort of Vital Flame, which
was the caufe of thisreciprocal ALffus of the Heart. Others
not quite fo grofs, rcjetting an Acfual Flame, have fancied
that thefe fine Parts of Air mixing with the Blood in the
Ventricles of the Heart, producd an Effervefcence which
dilated it. But thefc Fancies have been long fince exploded
and condemn’d upon ample Couvittion, and ’tis a Point
yet undetermin’d, whether any Air does mix with the Blood
at all in the Lungs, or not.

But {uppofing that fome Air may infinuate it f{elf into
the Pulmonary Vein, it can no other way dilate the Heart
than by an Effervefcence in the Lefe Ventricle, which
wou'd not dilate the Right.  But this-opinien i1s contra-
dicted by Autopfre, and too laborioufly confuted by others,
to be brought upon the Stage again here.

There remains therefore only the grofs Body of the At-
wofpherz to be confiderd, which is undoubtedly the true
Antagonift to all thefe Mufcles, which {erve for ordinary
Infpiration and the Conlftrittion of the Heart. ‘This will
appear more cvidently, .if we confider not cnly the Power,
but the necefiity of its Action upon Animal Bodies, aswel!
as the want of other {uflicient Agents.

The Heart is a Solitary Mufcle of very great {trength,
and the Intercoftal Mufcles and Diaphragm, which likewife
have no Antagonifts, are a valt additional Force, which
muft be ballanc'd by the contrary action of fome equiva-
lent Power or other. For, tho the Aétion of the fnter-
caflal Mufcles be voluntary, that does not exempt ‘em from
the condition of all other Mufcles ferving for woluntary
Motion, which wou'd be in a State of perpctual contracti-
cn, notwithftanding any Influence of the Will, were it not

for
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for the libration of Antagonift Mufcles. This libration be-
tween other Mol les 1s anfwer'd by the Weight of the in-
cumbeit Aimofphere, which prfles upon the Thorax and
o'her Parts ot the Body.  And, as inall other voluntary
Motions the influence of the Will only gives a Prevalence
tG one of two Powers before equilibrated, fo here it ferves
to ¢nable thofe Mufdles to lift up a Weight tco pondcrous
for their (irength not {o aflitted 5 and therefore as foon as
that affiftance 1s withdrawn, the Coffe are again deprefs'd
by the meer Gravitation of the Atmofphere, which wou'd
otherwife remain clevated thro the natural tendency of
thofe Mufcles to contraction.

This is evidently provid from the Torricellian experi-
ments, and thofe made upon Animals in Mr Boyle’s En-
gine 3 where, as foon as the Air is withdrawn, and the
preffure thereby taken off, the Intercoftal Mufcles and Dia-
phragm are contrated, and the Ribselevated inan inftant,
and can’t by any power of the Will be made to fubfide,
till the Air is again let in to bear ‘em forcibly down.

It were {carce worth while to take notice here of a Mi-
{take of the Learned Dr Willis, were it not for the Great
Authority of the Man, which is almoft fufficient to keep
Error in countenance. The Dr having obferv’d that the
Fibres of the External and Internal Intercoftal Mufcles ran
in a contrary order, asit were, decuflating each other, takes
occafion from thence to fancy, that there was an oppofition
in their Office, and that as the External {crv’d to raife up
the Ribs, the Internal drew ‘em down again, forgetting at
that time, That, when a contractile Body is faften’d at
the feveral ends to Points unequally movable, let the Con-
trattion happen in what part or manner foever, the more
movable Point muft be drawn towards the lefs movable :
By which rule, whether External or Internal Intercoftals be
contraGed, the lower Ribs will be forc'd to approach the
upper, that is, be rais'd up.

As
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As in thic Elevation of the Cofle, the Blood, by the pal-
fage that is open’d for it, is in a manner {ollicited into the
Luangs, fo in the Deprefiion of ‘em, by the fubfidence of
the Lungs and the Contration of the Blood Veflels, both
which arc eonfequent thereof, the Blood is forcibly driven,
as it were with an Entbolum, thro the Pulmonary Vein into
the Left Ventricle of the Heart.  And this, together with
the general Comprelfion of the Body by the weight of the At-
mofphere, which furrounds and prefics upon the whole Sur-
face of 1t, is that Power which caufés the Blood to mount
in the Veins, after the force impre(s'd upon it by the
Heart is broken amd {pent, and which is fufficient to
force the Heart from jts natural State to dilatation.

He that is able to compute the weight of a Column of
Air, cqual to the Surface of the whole Body, will readily
grant it 2 Power {ufficient for the Effetts, which are here
afcrib’d to 1. And, when he confiders, that the Bodics of
Animals are compreflible Machines, he will find that it
mult of neceflity sffcct them in the manner here laid down.
but tho our Bodies be entirely compos’d of Tubuli, or Vef-
fclsfill’d with Fluids, yet this Preflure, how great focver,
being equal, cou’'d have no cftedt upon ‘em, if the fuperfi-
cial Dimenfions were not cafily variables becaufe being
compreis'd on all parts with the fame degree of Force, the
contain’d Fluids cou’d not any where begin to recede, and
make way for the reft to follow, but wou'd remain as fixe
and immovable as if they were altually folid. But by the
Dilatation of the Thorax, room is made ifor the Fluids to
move, and by the Coarétation of it frefh motion is imprelt,
which is the main Spring whereby the Circulation i1s fet
and kept going. _

This reciprocal Dilatation and Contraction of the Super-
ficial Dimenfions of the Bely {eems {o neceffary to Animal
Life, that therc is not any Animal {0 imperfe& as to want
it, at leaft none to the inward Stru&ure, of which
our Anatomical Difcoveries have yet reach’d. For, the

Mot
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molt kinds of Fifs, and Infects, wants both moveable Ribs,
and Lungs, and confequently have no dilatable ZAorax, yet
that want is made up to ‘em by an Analogows Mcchanifm,
an{wering fufficiently the Neceflities of their Life.

Thofe Fifthes, which have no Lungs, have Gills, which
do the Office of Lungs, receiving and cxpelling alternately
the Water, whereby the Blood Veffels {uffer the fame Alte-
ration of Dimenfions, that they do in the Lungs of more
perfeét Animals.

The Lungs or Air Veffels of Infucits are yet cxceedingly
more different in Struture, Diftribution and Scituation from
thofc of perfect Animals, than thofe of Fifhes are, and yet
in their Ufe and Acion agree perfectly with both, that is,
receiving and expelling the Air, and wvarying the Dimenfions
and Capacities of the Bleod Veffels. Thefe having no The-
rax, or {cparatc Cavity for the Heart and Air Veilcls, have
the latter diftributed thro the whole Trunk of their Bodics,
by which they communicate with the External Air thro
feveral Spiracuia or Vent Holes, to which are faften'd {o ma-
ny little Trachee, or Wind-pipes, which thence fend their
Branches to all the Mufcles, and Vifcera, and feem to ac-
company the Blood Veflels all over the Body, as they do
in the Lungs only of Perfet Animals. By this difpofition
in every Injpiration, the whole Body of thefe little Animals
is inflated, and in every expiration comprefs’d, and confe-
quently the Blood Veflels muft {uffer a viciffitude of Exten-
fion and Conrraction, and a greater motion muft thereby be
impre{s’d upon the Fluids contain’d in ’em, than the Heart,
which does not in thefe Creatures appear to be Mufcular,
fcems capable of giving,

The only Animal that is excmpted from this neceffary
condition of Breathing, or receiving and expelling alternately
Jome fluid into and out of the Body, is a Fetxs. But this,
while included in the Womb, has little more than a vege-
sative Life, and ought f{carce to be reckon'd among the

aumbcer of Animals. For, were it not for that {mall fharc
of
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of Mufeular Motion, which it exercifes in the Womb, it
might without abfurdity bc accounted for as a Graft upon,
or Branch of the Mothcr.

Concerning the immediate matter, and means of Life, and
Nutrition, Authors arc not agreed, nor is it the bufinefsci
this place ro reconcile, or decide their difiirences, but ¢
account for the motion of the Blood thro the Veilels only.
In order to this, it will be neceflary to obicrve, that the
Pulfation of the Heart in a Fetus is {o very weak and ob-
fcure, and the motion of the Blood {o ¢xiecam flow and
languid, as to be fearce, if at all, perceivable, as has been
experienc'd in the Diflettion of Puppics before Refpiration
had. To produce fuch a fceble Palpitation, and creeping -
Wotion, no greater force feems to be requir'd  than may be g,‘;}’}[fl J 9’{’"
deriv'd from the Communication between the Veficls of the i, -
Mother and Fetus in the Placent2. Tam not ignorant, that ;“@I’Z‘j’ “
divers very Learned Anatomifts (whom the Crowd haveim- o dfﬁ‘;;f
plicitly follow’d) have abfolutely rejecte | allCommunication
between thefe Veflels, But, with {ubmiflion to Great Au-
thorities, 1 think they have aéted arbitrarily, and without
fufficient Warrant from Reafon or Experiment. For nei-
ther are the Arguments which they bring againft it con-
clufive, nor the Office which they affign to”the Umbilical
Veflels in lieu of it, proper, or natural to thofe Veffels, or
the reality of the Fact made out by any {ubftantial Reafons.
Thofe that reje¢t this Communication ufually do it in fa-
vour of one or both of thefe Opinions, that the Artcrics
of the Vterns do depofite a Nutritive Juice, or a Juice im-
pregnate with Air in the Placenta, which is fuck’d in by the
Ombilical Vein, and convey'd to the Fetus, for the necef-
{ary Ufes of Nutrition and Life. Now thofe that patro-
nize either of thefe Opinions lead Nature an unneceffary
dance. For if the Maternal Blood docs really coutain any
{uch Nutritious, or any {uch ncceflary Aerial Particles, why
fhou'd they be (cparated and cxtravafated, to be with diffi-
culty receivid into the Umbilical Vein, and again mixt with

Eeccecccce the
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the Blood, when they might more cafily have been impart-
ed by the plain fimple wiy of Traistuljon trom the Arte-
ries of the Mother to the Veins ot the Fers.  And, that
this is the courfe which Nature takes in this cale, 1am

erfwaded from the cafinefs and fimplicity of the Method,
which readily. performs what might be perhaps in vain ex-
pected from tother, and wouw'd over and above find em,
what they {cem to gropz fo blindly abour for, a firlt Mover
of the Blood in a Fatus.

Thofe that contend for the conveyance of a Nutritions
Juice, throthe Owmbilical Vein from the Placenta, are torc’d
upon two difficulties next to Abfu-ditics. For firlt, they
are oblig’d to make this Vein, which, as all other Veins,
{eems dedicated to the re-conveyance of Blood only, the
proper and immediatc Channel, thro whicha very different
Liquor is to be carried 5 and next to give a Power of At-
traction or Suftion to.it; becaufe the Nutritions Juice,
which it is thus deftin'd to carry is both Vifcous and Stag-
nant, and has neither -force to drive, nor {ubtilty to pene-
trate, or infinuate it felf into the Capillary Veins 5 and there-
fore muft be drawn or fucke as Milk is from the Breaf?, to
which the Placenta and its Nutritious Juice are by the
favourers of ‘em exprefly compared. But if this were the
fole ufe of the Placenta, and Umbilical Veflels, why
were the Umbilical Arteries fent along with the Vein ?
Théir bufine(s is not to bring any thing back to the Fetus,
nor can they contribute any thing rto the benefit of the
Mother 5 for the Oterime Artcrics bring all to the Placenta,
the Umbilical Vein carries it to the Fetus, and the Oterine
Veins convey back again the Surcharge of the Mothers
Blood 5 the Umbilical Areries only, have nothing to do,
and ate {uperfluous and impertinent,which is contrary to the
conftant prattice of Nature. Yet if Autopfre did in the lealt.
countenance this Hypothefis, fome defente might ftil] be
made 5 but we find in the Umbilical Fein of a Fertus nothing

but Flerid Blood, fuch as in all probability it reccived im.
mediatcly
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mediately from the Arteries of the Mother without any
mixture. And therefore I can’t help concluding, that this
opinion cngages its favourers in fome Abfurdity, without
Neceffity and without Proof. ..

They that from the Placéita {upply the Body of the
Fetus with Air, are as much ditrefs'd as tother, for they
are forc’d to beg the queftion twice, which, even when
granted, will not- anfwer their ends.  Firft, they fuppofe,
that an intimate mixture or confufion of Air with the
Blood, is ncecflary for the fupport of Animal Life, a Poftu-
Latum, which perhaps the former part of this Difcourfe may
have render’d unneceflary 5 and next that the Fatus is (up-
plied with 4ir from, and its Blood mixt with 1t in the Ple-
centd.

But here again they fetch a Compafs without neceflity or
proof. For if a mixture of 4ir were neceflary toa Fetus,
why fhould it be feparated from the Mothers Blood,
and not rather both communicated together, fince it is fo
much more eafic and commodious. But neither does the
Placenta fecm to be inftructed and provided for the {epara
tion of Air, but of a much groffer Fluid, deftin’d to fome
other ufe, which Autepffe confirms. Yet were both thefe
opinions true, they are however defettive, and the Circular
Motion of the Blood unprovided for.

By the way of. Transfufior this great Phznomenon is
naturally accounted for, and the ends, for which the o-
ther two Hypothcfes were devis'd, might both be anfwered
with more cafc. For the Hyfferick Arterics tranfmitting
their Blood immediately to the Umbilical Vein, may very
eafily tranfmit {uch Nutritions Juices or Aerial Particles as
are contain’d in the Blood, along with it, without depofiting
’em by the way. By this means fo much of the Impulfe of
the Mothers Blood is preferv’d, as fuffices to maintain that
languid circulation, whicha Fetus enjoys. For the Blood

cing driven thro’ the Arteries of the Uterns into the Um-
bilical Vein, 1s convey’d direltly to the Simus of the Porta,
Eeccecee 2 and
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and thence by a thort and cire& paflage thro’ the Cava tor
the Heart 5 where pafling thro the Foramen Ovale to the

ft Ventricle, and thro-the Canalis Arteriofus from-the
Right and Pulmonary Artery, it is all deliver'd without co-
ming at the Lungs, to the Aortz, and from thence zgain by
the Umbilical. Arteries to the Veins of the Uterns, making
a {ort of Epicycle to the main Circulation in the Mother,

As this Opinion is favour'd by the f{tructure and difpofis
ton of the Blood Veflels on both parts,{o there is nothing in
it difficuit to be conceiv'd, or repugnant to experience. Late
difcoveries have made it appear, that tiie Arteries and Veins
are centinued” Tubes, and that the latter contain nothing
but what they receive from the former, and no reafon ap-
nears why we thou'd think this Mcthod to be varied in the
Placenia.  On the other hand, if the Arteries of the Ote-
ras were continued to the Veins of the fame pait, and thofe
of the Fetus in like manper, without communicating with
cach other, their confluence.in the Placenta feems to be al=
together impertinent and of no ufe, and the Umbilical Ar-
terics and Vein fram'd for no other fervice or purpofc,
than to give the Blood room for an idle Sally.

Thus the reafonablenefs of this old Opinion may be vin-
Jicated, but the certainty of it refts upon ftronger proof.
Mr Cowper, to whofe happy Induftry we owe the Confir
mation of many Antient Difcoveries,. and the benefit- of
fome new oncs, has the honour to re-eftablifh- this old, but
long exploded +Truth. For by pouring Mercury into a
Branch of the Oterine Artery of a Cow, that went into one
of the Cotyledones of the Uterns, he fill'd thofe Branches of
tne Umbilical Veins, which went from that Cotyledor to
the Navel of the Fatus ; which with a part of the Uterns
he keeps prepar’d by him.

It wou'd be a weak objeltion, to alledge that the Obfer-
vation and Experiment being made on the Oterns of a Cow,
the inference wou'd not hold from thence to a Womear, the
one being Glanduliferons, and the other lentzfer;ug-

mnce
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fince ev'ry one of thefe Cotyledones, or Uterine Glandules, is
in all refpects a little Placenta, and all the diffcrence be-
tween “cm is in number, name, and magnitude, Why Ru-
minants differ in this particalar from other Viviparons Ania
muals; is befide the fubjedt of our prefent Enquiry. But the
great Flox of Blood which conftantly follows upon draw-
ing the Placenta from. Women (which is frequently (o
great as to colt ‘em their Lives) is as plain a demonftration
to Reafon of the Continuity of the Veflcls, as Mr Cowper’s
Experiment is to the Eye.

I'have heard it objccted by very lcarncd men, that if
there were fuch a Continuity.of Vellels, and fuch Transfifion
of Blood, the Fetus muft neceflarily perifh thro lofs of
Blood, upon the fcparation of the Phacenta from the Ute-
rus; but that on the contrary.no vifible flux .of Blood does
followswhile the Fetus continues wrapt in the Membranc,
in which condition it may be kept alive fome hours. To
this it may be anfwer'd, that the Circulation in the Fetus
being deriv’d from the Mother, may be {uppos’d wholly
to ccafc upon the cutting off’ the communication between
‘em, till it 55 again rcnew’d more forcibly by refpiration.
But.if we allow the Motion already imprefsd vpon the
Blood to be f{ufhicient to keep it going a little while, yet it
muft needs be {o exceeding languid, that the meer refiltance
of the cxternal Air muft be more than enough to hinder any
Efflux of Blood froma Fetus before Refpiration. Hosv loag
Life may be preferv’d without an «ifual Circulation of the
Blood, is a queltion not of this place. But we have becn
cenvinc'd by many and notorious Obfervations and Experi-
ments, that Lifc has been recover'd a long time after all to-
kens of Refpiration, Circalation, or cven Lifc it {clf have
difappear’d, fo that we can’t think the firft {olution cither
impoflible or improbablé.

I expect to be told, that in the carly days of Geflation in
Viviparons Animals there is no Placenta, or any Adhcfion of
the Umbilical Veflels to any part of the Mother, and confe-
quently no fuch Transfufien 5 and that in Quiparous ther js

No
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N0 comtinuity, OF communication of Veflels of any kind, du-
ring the whole time of Incubation.

But thefe Objettions carry neither the Weight nor Diffi<
culty along with ‘em, that they may,be fuppos'd to doy for
in thofe days there is neither Blood nor Blood Veffels, and
confequently there can be no Circulation of the Blood 5 and
the Embryo, of what Species foever, is no more than a Ve-
getable at that time 5 nor does the Fetns of any Viviparons
Crcature enjoy any Circulation, or thew any figns of Animal
Life, till after thofe Vcflels, as well as others requifire to the
Circulation, are compleated.

Tt muft be confe(s'd, that Owiparous Animals are denied
the Benefit of this Communication :  But that want is {uffi-
cicntly compenfated by a peculiar Mechanifm, which di-
rectly anfwers the ends of Refpiration, and the Preffure of
the Atmaofphere upon the Fetus.  Therc is at the Obtufe end
of an Egg a fmall Cavity fili'd with Air, which is the Suc-
cedancous Inftrument to the Refpiratory Organs.  For as
foon as the Contents begin to be warm’d by the Tncubation
of the Hen, or any analogous Heat of Furnace or Dunghil,
the feveralHumours of theEge require a Fermentative Motion,
and thedir contain'd in the Cavity or Vefiele at the obtufe end of
the Egaisrarcticd,and the Veficle extendedand enlarg’d, and
cenfequently the other contents are compreft 3 to which the
Fermentative Motion raturally refifts. But both Bodics being
as wcll compreffible as dilatable, and both having an Expan-
frve Motion impreft upon ‘em by Incwbation, the compreffion
and renitency will be mutual 5 but varied in degree, accord-
ing ascither, throthc variation of Circumftances, fhall pre-
vail. By this means, an Alternation of Compreflion and Dijla-
ration will be produc'd in both anfwering the Refpiratory Mo-
von,by which aMotion will be communicated,which,as foon
zs ihe Organs by which it fhou'd be regulated arc compieat-
cd, willin the Body of the Pullus be regular and circulatory,

Fabriting ab Aquapendente, and after him our Griat
Dr Harvey, have affign'd divers ufes to this Cavity or Air
Vidicle, the Extravagance of which have perhaps deterrd

otlicrs
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others from enquiring fo much into the Ufe, asthe impaor-
tance of it requird. But tho I can’t agree 1o that Perfpira-
tion, Refrigeration, and Refpiration, which they make itche
Inftrument of, yet perhaps the 4ir, that was inclos'd in that
Cawity, may thro the augmentation of the Body of the Puls
lus, and its own Rarefaction (which is at laft {o great as to
occupy half the Shell) break the Membrane, which {eparated
it from the Pullus, and thereby give {o much Refpiration as
to form the chirping Voice, which is often heard before the
breaking of the Shell, and with it give an Addition of
Strength to enable it to break the Shell. But how it fhou'd
refpire {coner is-to me inconceivable.

There arc many Problems of great {ceming difficalty, the
folutions of which flow naturally from what has been laid
down here: But intending to profecate this Subject farther,
and to treat of the Impediments of Refpiration; and the
confequences of Refpiration obftructed or intermitted, I thall
refcrve 'em for that opportunity, and content my f(clf here
to attempt the Harveyan Problem ouly, -which has given
abundance of Authors {o much perplexity.

That incomparable Philofopher cnquires, Why a Feerus,
taken ont of the Ttcrus with the Membrancs emtire,  fhall live
in. Water fome hours withont commmnication with the cxterngl
Air 5 whereas if it be taken ont and [uffer'd once to breath, it
can'’t afterwards furvive a moment without the benefit of Refpi-
ration.

Granting the Fact to be as he has deliver'd ir, which yet
is not fo in all cafes, the main difficulty is grounded on a
Miftake, which from the f{tating of the Queftion 1 find this
Great Man to have {liptinto. For [ic thinks, that a Fetus
is fooner f{uffocated afeer having once breath’d, than if it had
not breath’d at all, and that by breathing it had contraded
fomething which render’d it more perifhable.  Idenz tamen g4 4. cen,.
fecundis exutus, ({ays he) [ femel acrem intra Pulmones ag- nem. Ca,
traxerit, poftea ne momentum quidese temporis abfys eo durave di Partn,
polfit, [ed confeftins moriatur 2 Aud prefently after, Siquiden:

con-
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tonflat, fetum, poftquan: eum femel hanferit, citius fuffocari:s
'qmz{';lt cur}tf ab illopp{}oqrfus accebatur. The Dr, obfcrvit{g;,ZFwtw?
to live longer without Refpiration, and to difpence better
with the want of ‘Air while included in the Membranes en~
tire, than it cou'd afterwards; infers thence, that the Air
does in the firft Act of Infpiration imprefs upon the Lungs
fome quality, which renders it ever after more indifpenfably
neceflary.  But allowing his Obfervation, I muft yet deny
his Inference to be good : Fer, deprive a Fetss of means
of refpiring, and then take it out of the Membranes, and it
thall be as foon fuffocated, as if it -had refpired before.
This proves, that this Neceflity of intercourfe with the Air
by way of the Lungs is not the Offsfpring, but the Parent
of Refpiration, and that, that Learned Man was drawn into
a Fallacy of Non canfa pro caufa.

Thereafon of this Neceffity is the preflure cf the External
Air upon the Surface of the Body, from which it was de-
tended by theinterpofition of theMembranes and theHumours
contaim’d, which are not fo compreflible, as the'Body of the
Fortus itfclf. So{oon therefore as the Feetus is excluded, and ex-
posd to the immediate contact of theambient Atmofphere,the
Veflelsand all the Cavities of the Body maft neceffarily be {o
compreis’d, that the Fluids can’t have room for Motion, and
confequently the Fetus cou’d have no Life, if Nature had not
contriv’d by the Motion of the Thorax to remove and admit
that preflure alternately, and thereby to impre(s a Motion
on the Fluids, which is the Spring of Life. But this Motion
of the Thorax being any way f{uppre(s'd, the equal preflurc
of the Atmofphere on all parts occafions a-total Ceffation of
Motion, which is Death.

I (hall profccute thisSubject no farther now,nor trouble the
Reader with anyApology,tor diflenting from thofe greatMen
herein named : Becaufe, I hope, I have done it with Modefty,
and all the Refpeét due to fo great Authorities, and have af-
fign'd nothing which is not matter of Fact uncontroverted,
et deduc’d from it by plain Mechanical Necetlity.

111 The



