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Sanguineum laticem, turgens quem vena reportat,
Atque in pulmonum fubito penetralia vibrat,
Imbibitarum illic, jam quidquid ab acre fumpto
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Vivimus hac fabrica tantum, ceflfante perimus:
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INTRODUCTION.,

TH E outlines of this Effay were pub-
lithed, about two years fince, in the Latin
language ; and feveral of the moft eminent
profeffional men honoured them with par-
ticular attention. A reception {o flattering
from intelligent criticifm gave me an un-
expected importance, and encouraged me
to comtinue my labours with the hope of

prefenting them to the publick in a more
perfect form.

In the courfe of thefe labours many dif-
ficulties have arifen, and much exertion has
been employed; and fuccefs has often fa-

voured me: fome queftions however are
A 4 ftill
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ftill left undetermined, and fome facts un-
explained ; but about thefe I am lels anxi-
ous, as they are not immediately connected
with the PfinCiPﬂl;ijE& of this Inquiry:
and, allthough fome {mall obfcurities may
{till remain, feveral fa&s are afcertained,
which will, I truft, be of confiderable ufe
both in Philofophy and Phyfick.

The refpiration of animals has long been
a difficult problem in Phyfiology, and no
fatisfactory folution could be given of it,
whilt Chymiftry continued in an unculti-
vated ftate: the general fats were indeed
attended to, and conjectures propofed to
explain them (&) ; but as long as conjeCture

only

(a) Sir Ifaac Newton imagined that the atmo-
fpheric air might communicate an acid vapour to
the blood 1n the lungs, which was neceffary to keep

up the action of the heart. OrrIcs, p. 355.
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only was ufed, doubt and uncertainty re-
mained.

Within thefe few years the knowledge of
chymiftry has been much improved, and
experiments have been applied to refpira-
tion with confiderable effe®t; new fadls
have been difcovered, extraordinary phe-
nomena explained, and confiderable obfcu-
rities removed ; but fome difficulties {till
remained to tempt the hopes of future la-
bourers. In the courfe of this Inquiry I
have carefully examined the facts defcribed
by others, and inflituted a variety of new
experiments, which feem to have afcer-
tained a principal ufe of refpiration, its
connexion with the motion of the heart

and the other functions of the body.

The life of animals has alfo been a fub-
jet of attention at different times: for

until
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until we are acquainted with fome of its
effential qualities, we cannot expect to di-
ftinguifh it from death. The ancient phy-
ficians feem to have been aware of this;
but they did not labour to fupply the
defect.

About the middle of this century two
writers of diftinguifhed character entered
upon the inquiry(¢), and purfued it with
great ardour and enthufiafm for a confide-
rable length of time: in this purfuit they
difplayed much learning and ingenuity, and
colleted many valuable fa&ts from the
- writings of others; but ftill their conclu-
fions were unfatisfactory, and their opinions
are now fallen into negle@&. ‘This indeed
will not be wondered at by fuch as have

examined their works ; for it is generally

obferved

() Whytt and Haller,
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obferved of them, that they often blend
hypothefis with fa¢t, and fometimes grafp
at more than the mind can attain.

After this time the ftudy of life ﬁ;*as
generally neglected : however, fome profef-
fional men attempteﬂ to fearch for the
diftin&ion between life and death in the
fenfible qualities of the body. Obfervations
were collected, and feveral marks propofed
to the world to determine this diltin&ion (2) :
but {fubfequent obfervation has thown them
to be infufficient ; and, after much refearch
and altercation, it is now generally allowed,
that we have hitherto no other means to

determine

(a) Lettres fur la Certitude des Signes de la Mort,
par Monf. Louis.

Differtatio an Mortis incerta figna minus i chi-

rurcicis gquam ab aliis experimentis. WinsLow.
q P
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determine on abfolute death, but the pre-
fence of putrefaction (4).

To avoid the fources of thefe failures,
I have endeavoured to confider the fubject
in a different manner(4), taking the living
body when all the accidental figns of life
are removed, applying to it thofe external
powers which really do reftore them, then
attending to the place and circumftances of
their firlt operation, and the immediate ef-
fect they produce: thus I was led to the
effential quality of life, and confequently
to the means of diftinguithing it from
death itfelf.
This

(2) Diflertation fur PlIncertitude des Signes de la
Mort, par Monf. Bruhier.

(2) Diflertatio Inauguralis de Vita Corporis hu-
mani. Auftore J. T. Vander Kemp.
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This diftin&ion will be the more valu-
able, as it applies to every fimilar ftate of
the body, whatever may have been the ori-
ginal difeafe ; and if it be properly attended
to, we may always determine with certainty,
whether a perfon. be really alive or dead ;
and the bodies of our friends may now be
configned to the grave, before they become

noxious to others.

But the benefits of this Inquiry have
extended fhill further.

From the refult of the whole, I have
been enabled to determine the nature of the
difeafe that takes place from drowning,
hanging, and breathing feveral noxious airs ;
to give it a defcriptive name, and its proper
place in the fyftems of nofology; and to
point out the moft effectual means of cure.
Many remedies are recommended for this
purpofe in the direcions of publick Socie-

ties
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ties of different countries, and all of them
are faid to have been employed with fuc-
cefs ; and fince the affertion is favoured by
fome of the moft refpetable authors, both
ancient and modern, no one can dcn)r it
without incurring the charge of prefump-
tion: but if it fhould appear here, that
animals may be recovered from the difeafe
with equal eafe, without the concurring
operation of a great many of them, a re-
gard to truth, as well as publick utility,
ought to determine our choice. Befides,

when 1t 1s remembered that a prepofieflion
in favour of thefe remedies may occafion a

confiderable lofs of time, and that a lofs of
time in this difcafe is often a lofs of life,
the intereft of humanity fhould rife above

general prejudice, and refpeét for authority
give way to deliberate inveftigation.

In the whole of this Inquiry, I have
endeavoured to adhere clofely to the method

of
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of Analyfis, beginning with effets, and
afcending to their particular caufes, and
from particular caufes to more general ones,
with the afliftance of Analosgy and Inducttion,
until I could proceed no further. Then I
afflumed the laft conclufion as a general
principle to 'explain the production of all
the effects in a defcending feries to the firft
ph@nomena, where the analyfis began; in
this manner adding the Syntbefis, and thus
giving to the refult all the evidence which
the nature of the {fubje& would admit.

To avoid the danger of being mifled by
the colouring of fancy or inaccurate obfer-
vation, the experiments were repeated feve-
ral times with great care and attention, and
always in the prefence of fome judicious

friends : but as the teftimony of the fenfes
18 not always fufficient, and the moft care-

ful inquirer may fometimes err, I neither

expect,
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exped, nor even wifh the conclufions fhould
be adopted, until the experiments fhall have
been repeated by others; and if it be after-
ward proved, that I have been miftaken in
any part of them, I fhall readily retract the
affertion, and acknowledge the error: for
the intereft of truth and the welfare of
mankind are of more value than the repu-
tation of an individual ; and, as M. Bonnet
properly (avs, “ Un J'A¥ TORT vaut micux

gue cent repliques ingénienfes,”

TLonpon,
May 0, 1788.
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To afcertain the general Effelts of Submerfion

on living Animals,

IN the courfe of this inquiry, we propofe
- to afcertain the general effects of {fubmerfion
on living animals, and to trace their con-

nexion with the action of the water on the

body.

The firft of thefe objets may be obtained
by attending to the different changes that
take place in living animals while they are
immerfed in water, and examining the ap-
pearances of the internal parts when the
body is taken out; and the fecond, by
obferving the manner in which the water

B is
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is applied to the body in fubmerfion, and
tracing its particular operation in producing

thefe changes.

For the firft purpofe, I procured a large
tranfparent glafs bell, that would allow me
to diﬁinguifh accurately the circumftances
that took place within it; and when it was
inverted, and filled with water, I put into
it, at different times, feveral cats, dogs,
rabbits, and other f{maller animals, and
confined them there till they had the ap-
pearance of being dead. As foon as they
were put under the bell, I attended to the
changes that took place in the body ; and
when they had loft the external figns of
life, I opened the -head, the breaft, and
belly, and examined the internal parts.

Whilft T was engaged in this bufinefs,
the bodies of three  unfortunate perfons,

who
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who had been drowned, were brought to
me, at different times, with permiffion to
infpect the internal parts : thefe I examinéd
with great care and attention, and com-
pared the appearances with what I had feen

in the other animals.

In thefe different experiments, I obferved
fome variations in the external morbid
fymptoms, and in the appearance of the
internal parts; but the order and fucceflion
of the fymptoms, and the condition of the
organs immediately conneted with life,
agreed uniformly with the following de-

{cription.

When an animal is immerfed in water,
his pulfe becomes weak and frequent; he
feels an anxiety about his breaft, and ftrug-
gles to relieve it: in thefe ftruggles he rifes
towards the furface of the water, and throws

B 2 out
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out a quantity of air from his lungs. After
this, his anxiety increafes ; his pulfe becomes
weaker ; the ftruggles are renewed with
more violence ; he rifes towards the furface
again, throws out more air from his lungs,
and makes feveral efforts to infpire; and in
fome of thefe cfforts a quantity of water
commonly pafles into his mouth. His fkin
then becomes blue, particularly about the
face and lips; his pulfe gradually ceafes ;
the {phinters are relaxed; he falls down

without fenfation, and without motion.

If the body be immediately opened, it

has thefe appearances :

1°, The external f{urface of the brain is
of a darker colour than ufual ; but the vef-
fels are not turgid with blood, nor are there

any marks of extravafation about them.

2°, The
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20, The cavity of the lungs contains a
confiderable quantity of frothy fluid; and
the pulmonary arteries and veins are filled

with black blood throughout their whole

extent.

3°, The right auricle and ventricle of
the heart are ftill contracting and dilating ;
the left finus venofus and auricle move

feebly ; but the left ventricle is at reit.

4°, The right auricle and.ventricle are
filled with black blood, and the left finus
venofus and left auricle alfo; but the left
ventricle is only about half filled with the

fame-coloured blood.

zo, The trunks and fmaller branches of
the arteries proceeding from the left ven-

tricle, contain a quantity of this black
blood alfo.
B2 In
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In the early ftate of medical knowledge,
and before anatomy was much cultivated,
it was generally fuppofed, by different
writers, that the water produced thefe ef-
fects on animals by rufthing into all the
cavities of the body, and rupturing fome
of the organs immediately connected with
life(a). But fince the firuure of the
body has been more accurately examined,
and the ufe and connexion of the different
functions better underftood, it appears evi-
dent that thefe changes are to be attributed
entirely to the effects which the water pro-
* duces on the lungs; either direllly, by en-
tering into their cavity; or sudiretly, by

preventing

() Galen. Lib. III. Comment. 40.—Agineta,
Lib. IIL. p. m. g7.—Ftius, Art. Princip. p. 404.—
Alexand. Bened, Cap. I1Il.—Codrongus de Submer=
fis, p. m. 322,—Senertus in Praxi, Lib. IL. p. 350.
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preventing the entrance of the air of the
atmofphere.

Several authors have endeavoured to dif-
cover by which of thefe means the water
operates ; and, after confiderable labour and
attention, they were greatly divided in their
opinions: fome contended for the former (2),
and others for the latter (4). The cenclu-
fions, however, of both parties were gene-

rally drawn either from cafual obfervation,
or from infufficient and undigefted experi-

B it ments ;
¥

(a) Platner, Cent. Queaft, Paradox. p. 35.—Louis,
Mémoires fur les Noyés, &e, &e.—De Haen, Ratio

Medendi continuata, tom. 1, e,

(8) Littreus and Senac.—Hiftoire de 1I’Académie
Royale des Sciences, anno 1719.—Haller, Pralelt.
Boerhaav. tom. 2. p. 219.—/inflow, Experimenta
Bruherii.—Kaaw Boerbaave, Impetum faciens, p. 225,

Fe. e,



g8
ments ; in confequence of which neither of
the opinions has been eftablithed by its
partizans ; and it ftill remains a queftion in
phyfiology, which we fhall next attempt
to decide by experiment.

SECTION
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To determine whether the Water produces
thefe Changes diretly, by entering into
the Cavity of the Lungs ; or indire&ly,
by excluding the atmofpheric Air.

IF the water enter into the lungs in
drowning, we may naturally expect to find
it there afterwards, when the body 1s opened :
but if the body be opened after the ob-
ftruction of refpiration from any other
caufe, there is often a frothy fluid in the
cavity of the lungs, refembling a mixture
of air and water, which might miflead the

inquirer.

In confequence of this, it has been fug-
gefted to add fome colouring fubftance to

the
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the water employed in experiments of this
“kind, that, if it fhould enter into the lungs
in the procefs of drowning, the peculiarity
of colour might ferve to diftinguifh it from
this frothy fluid : but if the coloured fluid
fhould enter into the lungs in a fmall quan-
tity only, the colouring matter may be fo
much diluted by the pulmonary mucus, as
to lofe in a great meafure its diftinguithing
chara&ter. On this account, it will be
better to employ the deepeft colours in
thefe experiments, fuch as very black ink,

{ftrong folutions of blue vitriol, &ec.

ExperiMENT L

I filled my glafs bell with ink, and
immerfed a dog in it. As foon as his
ftruggles ceafed, he was taken out, and
examined. A f{mall quantity of frothy
fluid was found in the lungs, and it was

coloured with ink.
The
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The fame experiment was made on three
other dogs; and the fluid found in the
lungs of each of them was coloured with

ink. It was alfo repeated on three cats,
and with the fame general refult,

From thefe experiments it appears, that
fome of the ink paffed into the lungs of
thefe animals; and we may infer from it,
that a quantity of water commonly pafies
into the lungs of animals that are drowned :
but it may be {till fufpeted, that this water
enters into the lungs by its own gravity,
after the ftruggles of the animals have
ceafed; and therefore that the prefence of
water in the lungs cannot have occafioned

the fymptoms which preceded.

This queftion may be decided by putting
the bodies of animals into a ftate fimilar to
that which arifes from {ubmerfion; and,

after
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after the ftruggles have ceafed, by plunging
them into a coloured fluid : for if the fiuid

~enters into the lungs in this ftate, it may
be inferred, that the ink alfo entered into

them by its own gravity, after the efforts

to infpire ceaed.

ExpEriIMENT II.

I paffed a ligature round the trachea of a
dog, and ftrangled him. As foon as he
ceafed to move, I plunged the body into a
quantity of ink, and confined it there for
feveral minutes. On examining the lungs

afterwards, I found no ink in them.

This experiment was repeated on two

other dogs, and with the fame refult,

Here we find, that the ink does not

enter into the lungs by its own gravity,
after
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after the efforts to infpire ceafe. It muft
therefore have entered into the lungs of the
animals of the firft experiment during the

efforts to infpire.

But if the ink entered into the lungs of

thefe animals during the efforts to inipire,
was it not fufficient to produce the changes

that took place in the body in confequence

of fubmerfion ?

To determine this queftion, we muit
afcertain the quantity of water that paffes
into the lungs during fubmerfion, and the
changes that are produced on the body by
the introduion of an equal quantity of a
fimilar fluid.

If the ink which paffes into the lungs
would remain there in a {feparate {tate, we
might afcertain the quantity that pafied
into them in thefe experiments, by prefiing

At



b g
it out again at the trachea: but this ink is
fo intimately combined with the mucus of
the lungs by the agitation of the thorax,
that we cannot colle it in a feparate ftate.
If, however, we employ fuch fluids in thefe
ex})eriments as have no difpofition to unite
with the pulmonary mucus, they will re-
main in the lungs in a {eparate ftate, not-
withftanding the agitation of the thorax,
and may be in a great meafure collected

again,

ExperiMENT Il

I filled a fmall glafs bell with quick«
filver, and immerfed a cat in it, in the
fame manner as in the other experiments.
When the body was taken out, I found
half an ounce of quickfilver (¢) in the

cavity

(¢) In weight,
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cavity of the lungs, and an ounce of a frothy

fluid («) tinged with a red colour.

Three more cats were immerfed in quick-
filver, in the fame manner; and when they

were removed, we obtained from the lungs
of

Quickfilver. Frothy mucus.
The firft, - three drachms, fixdrachms:

The fecond, five drachms, an ounce:
The third, an ounce.

Four rabbits were drowned in quickfilver,
in the fame manner; and when they were
removed, we obtained from the lungs of

, Quick/ilver, Frothy mucus.
The firft, - two drachms, fix drachms:

The fecond, one drachm, half an ounce:

And from the two laft we got no quick-

filver.
Hence

(a) By meafure.
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Hence it is evident, that the whole
quantity of the fluid found in the lungs
of drowned animals is inconfiderable; and
that it is gencrally compofed partly of the
natural mucus of the lungs, and partly of
the fluid which pafies into them during the

efforts to inf{pire.

Since, then, the quantity of the fluid
which enters into the lungs is {o very incon-
fiderable, are we to {uppofe that it alone
produces the changes which take place in

confequence of fubmerfion ?

If the quickfilver alone produced thefe
changes in the animals of the laft experi-
ment, the fame changes will be produced
by introducing an equal quantity of any -
fluid into the lungs of a living animal,

when it 1s not immerfed in water.

It
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It was thown, in the laft experiments,
that the greateft quantity of quickfilver
which paflfed into the lungs of the cats,
was five drachms. Let us fuppofe a quan-
tity equal to the whole of the mucus and
quickfilver obtained from the lungs, pafled
into them from without: if it occafioned
the death of the animal, we fhall produce
the fame effe¢t by introducing an equal

quantity of water into the lungs of a fimilar
animal, whilft the refpiration is not other-

wife interrupted,

ExreriMeENT IV.

I confined a cat in an ere&t pofture, and
made a {mall opening in the trachea by
cutting out one of the cartilaginous rings.
Through this opening I introduced two
ounces of water into the lungs. The ani-
mal had immediately a difficulty of breath-

C ing,
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ing, and a feeble pulfe: but thefe fymp-
toms were {oon abated ; and it lived feveral
hours afterwards without much apparent
inconvenience. At length I ftrangled 1t,
and found two ounces and a half of water

in the lungs.

I introduced two ounces of water into
the lungs of two other cats, in the {fame
manner. The difficulty of breathing, and
alteration of pulfe, were fomewhat greater
than in the firft experiment ; but in a few
hours thefe complaints were abated : the
animals were then ftrangled, and four ounces

of fluid were found in the lungs.

Here then, although a quantity of water
be introduced into the lungs, greater than
the whole quantity found in them 1n thele
experiments, yet it does not produce'in
the bedy thofe changes that take place in

drowning.

It
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It follows, therefore, that the water
which enters into the lungs of animals in
drowning, is not the caufe of the changes
that take place in the body.

From thefe experiments we draw the

following conclufions :

1°, A fmall quantity of water commonly

pafies into the lungs in drowning.

2°, The water enters into the lungs du-
ring the efforts to infpire, and, mixing with
the pulmonary mucus, occafions the frothy

appearance mentioned by authors.

3% The whole of this fluid in the iungs
1s not {ufficient to produce the changes

that take place in drowning.

And hence it follows, That the water
produces all the changes that take place in
drowning, indire&ly, by excluding the atmo-
Jphéric air from the lungs.

Lz To
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To trace thefe changes to the exclufion
of air, we muft inquire into the particular
effe@s of the air on the lungs in refpira-
tion, and the connexion of thefe effeits
with the different functions of the body :
and when thefe are afcertained, it will be
eafy to determine what changes muft take
place in confequence of the privation of

air.

The firft and moft obvious effe¢t pro-
duced in the lungs by refpiration, 1s an
alteration in the volume of air they con-
tain ; and this muft occafion a proportional
change in the degree of their dilatation,
and confequently in the form of the veflels

diftributed upon them.

s,
bt

We proceed to inveftigate thefe {:haﬁges,
and to trace their connexion with the other
functions of the body.

SECTION
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To determine the mechanical Effets of the Air

on the Lun 7S N Rg{ﬁzrczﬁmﬁ.

"T0 obtain the object propofed in this
Section, we muft firft afcertain the different
quantities of air in expiration and in infpi-
rétiﬂn, and the proportional dilatation of
the lungs in each of thefe ftates; and then
endeavour to determine the effeéts of thefe
different degrees of dilatation on the pul-
monary vefiels, and on the current of the

‘blood circulating through them.

Several writers have attempted to mea-
{fure the quantity of air taken in by a fingle
C 3 in{piration ;
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infpiration ; and fome of them have delj-
vered eftimates of the proportional dilata-
tion of the lungs, both in infpiration and
in expiration (2). Thefe eftimates were in
a great meafure adopted by a celebrated
phyfiologift ; and he deduced many confe-
quences from them, to explain a variety of
difeafes immediatﬂy connected with thefe
mechanical changes (4) : but the mecans
employed to form thefe eftimates appear
to have been infufficient; and the confe-
quences deduced from them are contra-
dicted by feveral common appearances of
the body: we fhall therefore attempt to

meafure

(a) Borelli de Motu Animal. Lib. IT.—Furin,
Differt. IV. Lib. IV.—Hales, Veget. Statics, Vol. 11,
— Sauvage de Refpiratione difficiliv—Bernoulli, Dif=

fert. de Refpiratione.

(b) Haller, Element, Phyfiolog.
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meafure thefe quantities again, and to form

our eftimate from the refult of the experi-
ments :

And, firft, to meafure the quantity of air
taken into the lungs after a complete ex-

piration.

As every animal makes a full expiration
immediately before death, the lungs in a
dead body are in a ftate of complete ex-
piration : if, therefore, we can meafure the
quantity of air in the lungs of dead bodies,
we fhall determine the medium quantity in
a ftate of complete expiration. Now, it is
generally known, that the lungs, in a found
ftate, are always contiguous to the con-
taining parts of the thorax; and that all
the containing parts of the thorax, except
the diaphragm, are fixed after death: if,
then, we fix the diaphragm of a dead body,

C.a and
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and mzke an opening through the external
parts into the cavity of the thorax, the
atmofpheric air will pafs in by its own
‘gravity, and, prefling upon the external
{urface of the lungs, will force them to
collapfe, and expel the air they contain ;
and that part of the cavity of the thorax
which they before occupied, will be the
meafure of the volume of air expelled from
them. If we now fill up this part of the
cavity with water, it will give the quantity
of air which was in the lungs after expira-

tion.
ExperRiIMENT L

I procured a dead body of ordinary fta-
ture, and applied a clofe comprefs upon
the fuperior part of the abdomen, to fix
the diaphragm in its fituation : then I made
a {mall opening into the cavity of the thorax
on cach fide, and upon the moft elevated

Plart.
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part. 'The lungs immediately collapfed;
and confequently the air which they con-
tained was expelled. Water was next in-
troduced at thefe openings, till the cavity
was filled ; and the contents of the water

were 2772 cubic inches.

The lungs of this body contained there-
~fore 272 cubic inches of air in a ftate of

complete expiration.

The fame experiment was repeated on
two other bodies, nearly in the fame cir-
cumftances ; and the lungs of the firft, in
a ftate of complete expiration, contained
250 cubic inches of air, and the lungs of

the fecond 262 cubic inches.

The fubje@s of thefe experiments died
from hanging ; and I was not aware that
there could be any objeion to the experi=

ment
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ment on that account: but it afterwards
occurred to me, that their lungs were not
in a ftate of expiration ; becaufe perfons
under the influence of fear often make a
deep infpiration, before the cord is pafled
round the trachea; and the preflure of the
cord becomes immediately {o tight, that

they are not able to expel the air again.

On this account I repeated the experi-
ent on {everal adult fubjects, who died a
natural death. In fome of them the lungs
adhered to the fides of the thorax, and did
not collapfe completely, when the openings
were made ; but in four of them the lungs
appeared to collapfe properly ; and we had
the following refults :

The Iungs of the firft contained 120 cubic inches,

the {econd 102
- the third ste)
- the fourth 125

Thefe
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Thefe experiments are {ufficient to thow,
that the lungs contain a confiderable quan-
tity of air, even after complete expiration :
but this quantity muft vary in different
fubje&ts in proportion to the capacity of
the thorax; it is therefore extremely diffi-
cult to eftablith a medium. However, to
purfue this inquiry, we fhall for the prefent
adopt the medium quantity of thefe latter
experiments, and fay that the lungs of the
human {ubje& contain 109 cubic inches of

air after compk:te C}:piration.

We next proceed to meafure the quan-
tity of air taken into the lungs at an ordi-

nary infpiration.

This may be done by breathing from a
veffel which has only two tubular openings,
one to be applied to the mouth, whilft the
other is immerfed in water. If we infpire

from
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from the veflel, under thefe circumfitances,
a quantity of water will euter it, equal

in volume to the quantity of air infpired

from it.

On this principle we contrived the ma-
chine ABCDE. The veflel D contains
{everal hundred cubic inches of air. This

veflel (which for the fake of diftin&ion I
call pneumatic) fufpended in the balance
A B, and brought to an equilibrium with
the fcale C; and the tube 24 ¢ being im-
merfed in water in the veffel G; if a per-
fon infpires from the tube E, a volume of
water will enter the pneumatic vefiel through
the tube 24 ¢, equal to the volume of air
infpired from it by the tube E. The fcale
C will determine the weight of the water
in the pneumatic vefiel ; and this, by cal-
- culation, will give the number of cubic
inches of water which entered the machine

at
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at a fingle infpiration, and the number of
cubic inches of water will give the number

of cubic inches of air.

ExprrimenT Il

An adult perfon of ordinary ftature in-
{pired twice from the machine; imitating,
as nearly as he could, an ordinary infpira-

tion.

In the firlt he took in 3 cubic inches of air;
In the fecond 2> cubic inches,

Another perfon, of nearly the fame fta-
ture, infpired twice :

In the firft he tock in 3% cubic inches of air;

In the fecond 23 cubic inches.

In thefe experiments there 1s a difference
in the quantity of air taken into the lungs
at a fingle infpiration, which we fufpected

might
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might arife from the attention of the mind
in this new fituation of breathing. To
avoid this fource of error, as much as pof-=
fible, we determined that the fame perfon
thould infpire regularly from the pneumatic
veflel for a minute or two, and expire
alternately into the atmofphere, numerating
all the infpirations; and that we fhould
then meafure the water which paffed into
the veflel during that time, and calculate

the average quantity for each infpiration.

ExperimentT Il

The two perfons employed in the laft
experiment infpired from the pneumatic
veflel thirty times fucceffively, in the man-
ner juft defcribed ; and the average quantity
of air taken in at a fingle infpiraticn;' by
. the firft perfon, was 23 cubic inches ;
By the fecond, i

It
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It appears, then, that the quantity of air
taken into the lungs at a fingle infpiration
is very inconfiderable, when compared with
what they contain after a complete expira-
tion. This extraordinary difference was
remarked with furprife by feveral judicious
friends ; and they exprefled their fears that
I might have been deceived. In confe-
quence of this, we repeated the fecond ex-
periment again, with ftill moere attention,
and on a greater variety of fubjects; and
in all of them the average quantity of each
infpiration was nearly the fame as in the
preceding : but in the third experiment an
anxicty was felt in the breaft, before the
limited number of infpirations was finifhed;
and when the mouth was withdrawn from
the tube, we obferved that it was neceffary
to make a deep infpiration. Thefe two cir-
cumfitances feemed to thow, that the quan-
tity of air taken into the lungs from the

machine
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machine had not been fufficient for the
purpofes of refpiration ; and this deficiency
in quantity muft be attributed to fome par-

ticular circumiftances of the experiment.

In all thefe experiments we attended to
the ¢ffort made by the organs of relpiration
when the ordinary quantity of air is taken
in from the atmofphere ; and we confidered
the force of this ¢ffort as the meafure of an
ordinary infpiration (2), and endeavoured to
copy it exa@ly when we infpired from the
machine : but we find that this is not fuf-

ficient ; becaufe the water muflt rife 1nto
the

() Every one knows, that there is a confiderable
difference in the quantity of air taken into the lungs
at an ordinary, and at a full infpiration : if a perfon
expires carefully, and then makes a full infpiration,
he will frequently take into his lungs upwards of

so0 cubic inches of air at a fingle effort.,






——

e
_|_!F

(I

1

£

. -,
= E

—
rre—

,!|t|||.||||I||r'II.'|IIHIHIIIIIIIIHIIIﬁI'II‘JlI-I-ll T

% *"\,‘
e

|I||E= ES,

g

'{
N X
o
[




.'I:I
L
‘flhl

[ 3% ]

the pneumatic veffel contrary to its own

rd

gravity ; and in order to overcome this ad-
ditional refiftance, it will be neceffary that
the effort to infpire from the machine be
greater than the ordinary ¢ffor# in the atmo-
fphere. And this has been the fource of
the miftake,

Since, then, the effort in the atmofphere
is not the meafure of a natural fﬁ'fpiration
from the machine, we muft have recourfe
to the fenfation in the lungs., If we in-
{pire from the pneumatic veflel feveral times
fuccefiively, as in the laft experiment, and
take in as much air at each time as to leave
no uncafinefs in the lungs during the infpi-
rations, nor 'any want of a greater quantity
when the mouth is removed, we may con-
clude that the lungs have received as much
air at each infpiration as is required for the

purpofes of refpiration.
D ExpPE=
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ExpERIMENT IV.

Three perfons of ordinary ftature infpired
from the pneumatic veflel thirty times {uc-
ceflively, and took in as much air at each
time a5 the fenfations in the breaft feemed
to require. The average quantity of air
taken into the lungs at a fingle infpiration
by the firft, was — 12 cubic inches;

By the fecond — 14 cubic inches;
By the third — 11I.

Hence it appears, that the quantity of
air required for a fingle infpiration is greater
than could be expected from the preceding
experiments : but this alfo varies a little in
different perfons; and it is equally difficult
to eftablith a medium for infpiration, as for
expiration. We fhall however take the
medium quantity here at 12 cubic inches.

i Bug
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But the air which paffes from the pneu-
matic veflel into the lungs, goes from a cool
to a warmer temperature ; it muft therefore
undergo a degree of expanfion as foon as it
gets into the lungs, and confequently occupy
a greater fpace than before. This degree of
expanfion may be meafured, by inclofing 2
given quantity of atmofpheric air in a glafs
receiver, difpofed in fuch a manner as to
indicate the alteration of temperature, and

the proportional expanfion, at the fame
time,

ExperiMENT V.

I provided a cylindrical glafs receiver,
with a thermometer fufpended in the mid-
dle; I meafured the quantity of water the
receiver contained, and divided the whole
capacity into feveral hundred parts, which
were diftinguithed by correfponding marks
on the outfide: then I inverted it in water,

D 2 and
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and introduced into it an hundred parts of
atmofpheric air at 69° of Fahrenheit, and
applied heat to it gradually by means of
warm water, until the thermometer in the
infide was raifed to 98°: the volume of the
whole was then increafed 1th. In feveral
fucceflive repetitions the proportional ex-

panfion was nearly the {ame.

If, then, we allow 12 cubic inches for a
fingle infpiration, they will be increafed to 14
cubic inches when they get into the lungs ;
therefore the volume of air before in the
lungs reccives an addition of 14 cubic
inches by an ordinary infpiration. But the
volume of air in the lungs, before an infpi-
ration, was 109 cubic inches ; hence it will
be increafed to 123 cubic inches; and the
diftention of the lungs muit be changed in
the fame proportion : therefore the dilata-

tion
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tion of the lungs after expiration is to their
dilatation after infpiration as 109 to 123 (2).

We next inquire into the effects of thefe
different degrees of dilatation on the pul-
monary veflels, and on the current of the

blood circulating through them.

Haller afferts, that the pulmonary veffels
are very much changed in the different
ftates of refpiration ; .that they are confide~
rably lengthened by infpiration, and their
angles and diameters {o difpofed, as beft to
favour the circulation of the blood; but
that they are greatly fhortened by expira-
tion, and their angles and diameters fo

much altered, as to produce a complete
P 3 obftruc-

(a) T};at 15, as 4,7769 is to 4,97323 the differ-
ence being only ,1963; which is not even two tenths
of an inch,
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obftru@ion to the paffage of the blood
through them.

¢ In infpiratione,” fays he, ¢ pulmo qui
‘ nunquam pleuram deferit, per eosdem
¢¢ paffus quibus pectus dilatatur, et ipfe in
¢ utroque diametro latior nunc fit, et in
¢ {patium majus, fed fui fimile augetur.
¢¢ Id augmentum varie eftimatum eft; quin-
s¢ tuplo per infpirationem, pulmonem am-
¢¢ pliorem fieri clariff, Sauvages conjecit,

¢¢ et inde decuplo,

¢¢ Vafa ergo fanguinea omnis generis cum
¢« adtenfis bronchiis neceflario extenduntur,
“¢ et flexiones alternz in quas ea vafa in fe-
¢ jpfa retracla, in ftatu pulmonis minimo
¢f e reciperant, €2 nunc in rectitudinem
s¢ exporriguntur :———Porro qua fibi in-
s¢ cumbebant proxima, ea a mutuo con-
$¢ tactu difcedunt, et anguli inter divifiones

¢ yaforum
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«« yaforum majores fiunt, fpatiaque adeo vi-
Hinc in

“¢ cinis vafis interponuntur.
‘¢ in{piratione fumma facilitas nafcitur fan-

In

‘¢ expiratione vero pulmo undique urgetur,

““ guini de corde dextro exeun.

‘et in multo minorem molem compr:-
“ mitur : vafa ergo fanguinea breviora
“ quidem fiunt cum retractis bronchiis,
“ eademq; anguftiora nun¢ funt, fiqui-
““ dem pectus fecundum tres fuas dimen-

¢ fiones arctatur.

Sanguis ergo quidem
“in pulmones undique comprimitur; et
‘¢ venofus ®qua vi preflus, partim verfus
““ arteriofum quidem reprimitur, eumquc'
“ moratur aliquantum, partim verfus cor
Quare 1n ex-

¢ piratione¢ quam ponimus ftabilem fuper-

“ {iniftrum promovetuyr.

“ effe, pulmonis pro fanguine immeabilitas
¢ oritur, quam neque abfque palpitatione,
¢¢ et vitiolo conatu, demum omnino ullis
¢ {uis viribus cor vincere queat.”
Lib. VIII. Se&. 4.
D 4 But
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', But it appears, from thefe experiments,
that the difference in the two flates of re-
fpiration is much lefs than Haller has repre-
fented ; ghe changes produced on the pul-
monary veflels muft confequently be fo
likewife : the inferences he has drawn re-

fpeé'tiz]g the circulation of the pulmonary

blood are therefore erroneous.

If we fuppofe the lungs dilated with the
ordinary quantity of air in expiration (109
cubic inches), and then fuppofe 14 cubic
inches more to be added, the dilatation of
the lungs will be increafed ; but the increafe
will be uniform, and only in the proportion
of 123 to 109 ; the pulmonary veffels will
be alfo. extended uniformly in all direc-
tions (), and their extenfion will be in the

{fame

(a) To fuppofe, with Haller, that the angles of
thefe veflels are changed, although the form of the
lungs continues the fame, is contrary to one of the
fundamental principles of geometry,
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fame ratio: fince then there is no othee -
change produced on the pulmonary veflels
by 1‘ﬂfpifati0n, but a difference in the de-
gree of extenfion, and fince this is fo {fmall,
the alteration in the {um of their diameters
muit be equally fo; and if the blood cir-
culates through them in one ﬁé.tf:, it muft
alfo in the other: and hence it follows,
that the blood circulates through the pul-
monary veflels in all the degrees of natural
refpiration.

But, notwithftanding this conclufion, it
may be ftill fufpected that the pulmonary
blood does not circulate with proper free-
dom in all the different ftates of refpira-
tion ; that, in the ftate of expiration, the
current may be fo much retarded, as to
occafion an accumulation in the veflels of
the right fide of the heart, fufficient to bring
on an interruption or fufpenfion of fome of

the
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the other fun@ions. If it be fo, the fame
effects will be produced by introducing a
quantity of any fluid into the cavity of the
thorax, to force the lungs to collapfe, and
expel fo much air as will reduce their
volume much below the degree of ordinary
expiration. This experiment is frequently
made in the human body by difeafe: a
quantity of watery fluid gets into the cavity
of the thorax between the containing parts
and the lungs, occupying a very confi-
derable fpace, and reducing their volume

much below the dilatation of ordinary ex-
piratiﬂn; and ftill there is no fufpenfion of

any of the other funttions. Many exam-
ples of this difeafe have been recorded by
different writers, where the fluid was taken

" away feveral times from the cavity of the
thorax, during the life of the patient: and

there is one in the Memoirs of the Academy

of Surgery, where the Author exprefles
much
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much furprife that the blood could circu-
late through the lungs, while fuch a quan-
tity of fluid was confined in the thorax.

¢ Apres les fymptdmes ordinaires,” fays
the Author, ¢ les chirurgiens prononcoient,
¢ que c’étoit un hydrothorax, & décident
¢¢ fur Popgration,

‘¢ Le malade €toit donc afiis dans fon lit,
¢¢ le corps penché en avant, et foutenu par
¢¢ plufieurs afiiftans. Je lui fit la pontion
“¢ avec un trois-quart ordinaire. Le poin-
¢¢ con étant tiré, ’eau fortit par la canule 2
¢ plein jet, et par des fecoufles qui répon-
‘¢ doient aux mouvemens de la refpiration.
*¢ Il en fortit pres de fix pintes * d’une fluide.
¢ Bientot apres, fon pouls fe ranimoit,—
¢ Sept jours apres, I'accumulation fe faifoit

‘¢ encore ;

1
| = e oo

(2) De France, 7, e. 288 cubic inches.
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“ encore; & je tirai par la méme opération
‘¢ encore cinque Pintes.*’_
¢ Dans ces cas, le poumon, fort écarté
*¢ des parois de la poitrine, doit étre pelo-
¢ tonné vers le centre, & réduit a un fort

¢¢ petit volume, & fes véficules trés-rétré-

€¢ cies.

Ceft aflez pour expliquer Ia

<t difficulté de la refpiratinn.

¢ J'ai obfervé que toutes les fois qu’on
‘¢ infinuoit la fonde de poitrine dans la ca-
¢¢ pacité, on lintroduifoit a la longueur de
¢ quatre ou cinq pouces, fans toucher ni
‘¢ rencontrer aucune partie intérieuré; &
¢ ¢’eft une chofe qui m’étonnoit toujours !”’

Tom. II. p. 546,

I have frequently made a fimilar experi-
ment on {everal dogs, producing an artifi-
cial hydrothorax by introducing as much

water through an oblique opening of the
intercoftal
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intercoftal mufcles into the thorax, as nearly
filled one third of the whole cavity, clofing
the orifice afterwards. In all _of them it
brought on a confiderable difficulty of

breathing, but no other apparent incon-
venience.

In thefe examples the volume ‘of the
lungs muft have been confiderably reduced,
and the greateft quantity of air they were
capable of containing much lefs than the
ordinary quantity in an healthy cxpiraﬂun 3
and ftill the blood continued to circulate
through the pulmonary vefiels in {fufficient
quantity to keep up the altion of the left
ventricle of the heart, and the other func-
tions of the body.

If, therefore, the blood circulates through
the pulmonary veflels with this freedom when
the volume of the lungs is fo much dimi-
nifhed, it muft certainly circulate through

them
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them with equal eafe in expiration wher
the volume of the lungs is much greater :
hence it follows, that the blood circulates
through the lungs in expiration with fuffi-
cient freedom to keep up the health of the
fyftem.

From all thefe experiments we draw the
following conclufions :

1° The lungs contain 109 cubic inches
of air after a complete expiration ; and this
quantity receives an addition of 14 cubic
inches by infpiration.

2°, The dilatation of the lungs after ex-
piration is to their dilai_:atian after infpira<

tion as 109 to 123.

3°, The blood circulates through the
pulmonary veflels in all the degrees of
patural refpiration.

4°, The
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4°, The circulation through them after
expiration is fufficiently free to keep up the
health of the fyftem.

And hence it follows, that the dilatation
of the lungs is not the final caufe of refpira-
Ziom.

Another effe& produced in the lungs by
refpiration, is a change in the chymical
qualities of the air they contain. We pro-
ceed to inquire into the particular nature of

this change, and its connexion with the

other functions of the body.

SECTION
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S.E.C Tl Dy o IV

To determine the Chymical Effecis qf- the A
on the Lungs in Refpiration,

IT has been long fufpected by philofophers
of the firt character (@), that the air
which we breathe undergoes fome chymi-=
cal changes in the lungs ; and various con=
jeGures have been propofed concerning
them, By different writers, at different
times; but nothing more could be ex-
pected from the moft penetrating mind,
until chymiftry put on the form of a fci=
ence : from that period the clouds of hypo=
thefis have been difpelled, and the dawn
of truth begins to appear. We fhall not

enter

(@) Ariftotle, Sir Ifaac Newton, &c.
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enter into a detail of thefe different conjec=
tures, nor of the progreffive difcovery of
the fa®s conne@ed with the fubject; but
rather endeavour to defcribe the conftituent
parts of atmofpheric air, as far as they
are now known, and then inveftigate the
particular changes they undergo by refpira-

tion.

When atmofpheric air is analyfed with
the ordinary chymical tefts, it is found to
be compofed of phlogifticated air, dephlo-
gifticated air, and fixed air. If any given
quantity of atmofpheric air (fuppofe 100
parts} be accurately analyfed in this man-
ner, it 1s generally found to contain nearly
two thirds of phlogifticated air, one third
of dephlogifticated air, and a very {mall
quantity of fixed air: but the proportions
of thefe airs are generally different in diffe-
rent parts of the atmofphere, and fometimes
no fixed air can be found.

E If
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If 100 parts of analyfed atmofpheric air
be infpired, and -expired again into a re-
ceiver, it is found to have undergone a
change in the proportion of its conftituent
parts : the quantity of dephlogifticated air
is diminithed, the quantity of fixed air in-
creafed, and the phlogifticated air remains

the fame.

A celebrated chymift has propofed to
afcertain the changes(a) which theie airs
undergo by a fingle refpiration (4) : but the
refults of fuch experiments are fubject to
{fome variations from the ftate of the body,
and from the duration of the refpiration.
Notwithftanding thefe difficulties, I made
feveral experiments on myfelf, to afcertain
the particular degree of thefe changes; and
although there was always a little difference

in

(a) Monf. Lavoifier.
{4y One infpiration and one expiratiomn.
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in the refults, yet by frequent repetition

they became inconfiderable.

Firft, I afcertained the proportion of

thefe airs in 12 cubic inches of atmofpheric

air; then I infpired an equal volume of

the fame air, expiring it into a glafs receiver,

and analyfed the whole quantity. This was

repeated. feveral times, and the medium

quantity was as follows :

The volume of air
taken into the lungs
at a fingle infpiration
contained,

Parts
Phlogifticated air 8o
Dephlogifticated air 18
Fizediate . = = »~ 3

100

The volume of air
expelled ' from the
lungs by the next fuc-

ceeding  expiration
contained (),

Parts.,
Phlogifticated air 8o
Dephlogifticated air g
Fixed air - - - 13

———

93

(2) In all thefe attempts I endeavoured to imitate

the natural expirations; but the volume of air ex-

| DA

pelled
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It appears, then, that the diminution of

dephlogifticated air, and the increafe of

fixed air, in a fingle refpiration, is con-

fiderable.

Let us next inquire if this diminution of
the one, and increafe of the other, be uni-
form and conftant in the fame volume of
air feveral times refpired : and, firft, the
diminution of the dephlogifticated air.

This may be done by breathing a quan-
tity of air feveral times from a glafs receiver
inverted in water, and by mixing a {mall
quantity of this air, after every expiration,
with an equal quantity of nitrous air in the
eudeometer of Fontana: the quantity of

dephlo-

S e L =

pelled from the lungs was never equal to the volume
of air taken in; fometimes there was a diminution
of %, and fometimes 4% This diminution WwWas

obferved long ago by Boyle and Muflenbrock.



(5% 1
dephlogifticated air will then be indicated

by the diminution of volume in the eudeo~

meter.

I paflfed 12 cubic inches of atmofpheric
air into a glafs receiver -inverted in water,
and put a meafure of it into the eudeo-
meter, and it occupied 100 parts; then I
added an equal meafure of nitrous air, and
the whole volume of 200 parts was
diminithed to — — — 144

Then I infpired the whole of the

volume from the receiver, and
expired it in the ufual time;
and on trying an equal portion of
it in the eudeometer, the 200
parts were diminifhed to — 158

After the fecond expiration they

- were diminithed to  — — 163

After the third, to . — 167

After the fourth, to — — 170

After the fifth, to —t —~— 171

E .3 We
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We might alfo determine whether the
addition of fixed air be conftant and uni-
form in feveral fucceflive refpirations, by
breathing a given volume of air in the fame
manner from an inverted receiver, and
pafling a fmall quantity of it through lime-
water after every expiration : but this would
require great labour and minute attention ;
and fince we know the quantity of fixed air
added by a fingle expiration, it is éafy to
determine whether there be any additions
made to it afterward, by breathing the fame
air feveral times, and, after the laft expira-
tion, examining it with Iime-watcf, and
comparing the whole quantity of fixed air
with the known quantity of a fingle refpi-

ration.

I inclofed 12 cubic inches of air in an
inverted receiver, and breathed it through
a glafs tube {ix times in fucceffion : on be-

ing examined with lime-water after the lait
ﬁ}rpiration
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expiration it contained 15 parts of fixed
air. 'The fame experiment was repeated,

and the quantity of fixed air was 13 parts.

The diminution of dephlogifticated air,
and the increafe of fixed air, i1s therefore
conftant and fucceffive in the fame quantity
of air frequently refpired : but the changes
in the fucceffive refpirations bear no pro-
portion to the changes in the firft. Since,
however, thefe changes are conftant and
uniform, they muft be connected with fome
correfponding changes in the lungs equally
conftant and uniform ; and there is no fub-
ftance in the lungs where we can expet to
find fuch correfponding changes, except the
blood which circulates through them.

Lower obferved long ago in living ani-
mals, that the blood from a wound in the
trunk of the pulmonary vein was florid ;

E 4 and
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and knowing before that the blood entering
into the lungs by the pulmonary artery is
black, he concluded that it acquired this
florid colour by pafling through the lungs ;
and finding afterwards that, when the ani-
mal ceafed to breathe, the blood from the
wound in the pulmonary vein was black,
he attributed the florid colour to the action
of the air in refpiration (¢). This opinion
has been mentioned frequently fince by dif-
ferent authors, and feems now to be gene-

rally believed.

To examine the fact with particular at~
tentiod, I procured feveral large dogs, re-
moved the fternum, and expofed the trunks
of the pulmonary veins and arteries {o as to

allow me to diftinguifh accurately the colour
of

(2) Tra&atus de Corde, p. 18%,
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of the blood pafiing through them. Then
I inflated the lungs with a pair of bellows
(after the defcription of. (@) Vefalius), imi-
tating the natural refpiration, and kept the
animal alive by this procefs for a confiderable
length of time. In thefe experiments it
was obferved, that, during the inflation, the
blood in the trunks of the pulmonary artery
was black, but in the trunks of the pulmo-
nary veins it was florid : and when the in-
flation was intermitted for a minute, the
blood in the trunks of the pulmonary vein
became gradually black, like that in the

arteries.

In fome of thefe animals I divided the
trunks of the humoral artery and vein ; and
during the inflation the blood from the

artery

(2) Vefalius de Corporis Humani Fabrica, Lib.
V1. Cap, xix, p. 572.
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artery was florid ; but, on intermitting the
inflation, it became gradually black, like
the blood from the vein,

I alfo examined thefe appearances in the
toad and the lizard, whofe lungs confift of
only a tranfparent bladder, with blood vef-
fels fo thin that the colour of the circu-
lating blood may be eafily diftinguithed

through them.

I inflated the Iungs of thefe animals feve-
ral times, and emptied them again by gen-
tle preflure, imitating by this method the
refpiration of the more perfect animals ;
and in all the examples, when the atmo-
{pheric air paffed into the lungs, the blcod
in the pulmonary veflels became gradually
fiorid; but when they were emptied, it
became gradually black : to this may be
added the familiar circumiftance in blood-

letting,
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letting, the dark-coloured blood becoming
florid after expofure to the air,

All thefe fa@s feem to confirm the opi-
nion of Lower, that the blood acquires a
florid colour in pafiing through the lungs ;
and that this colour is produced by the chy-

mical action of the air.

We next inquire by what part of the
refpired air this change of colour 1is pro-
duced, and what particular chymical pro-
cefs takes place at the time.

Does it arife from the addition of fixed
air {eparated from the blood in pafling
through the lungs, or from the chymical

altion of the phlogifticated or the dephlo-
gifticated air ?

If the florid colour arifes from the fepa-

ration of fixed air in its entire ftate from

the
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the blood, then florid blood expofed to a

volume of fixed air in a clofe veflfel mufit
become black alfo.

[ introduced four ounces of florid blood,
frefh drawn, into a glafs receiver containing
fixed air, and I confined it there a con-
fiderable time; but it did not become
Black, nor undergo any f{enfible change.
I then received fome florid blood from the
carotid artery of a fheep into a phial filled
with fixed air; but {till the florid colour
was not altered: thercfore the change of
colour in refpiration does not arife from the
feparation of fixed air in its entire flate
from the blood.

Nor can it be attributed to the chymical
action of the phlogifticated air; for it is
oenerally known, that black blood, freth
drawn, expofed to phlogifticated air in a
clofe veflel, undergoes no change of colour.

But
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But it has been often affertéd, that black

blood freth drawn, and expofed to dephlo-
gifticated air, becomes florid.

To afcertain the truth of this affertion,
I inclofed a quantity of dephlogifticated air
in a glafs receiver inverted in quickfilver,
and introduced into it four ounces of blood
freth drawn from the jugular vein of a
fheep : the blood became inftantly very flo-
rid, and the quickfilver feemed to afcend a
little in the receiver. To afcertain this lat-
ter circumfitance, I repeated the experiment
three or four times: the change of colour
was always very fudden, and after feveral
minutes the quickfilver afcended two er
three lines. It is evident, then, that de-
phlogifticated air changes the colour of
black blood, and a {mall portion of the air
difappears in the procefs: but,as the changes

1n thefe experiments are fimilar to thofe in

refpiration,
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refpiration, it might be inferred, that de-
phlogifticated air produces the florid colour
in both examples.

To fatisfy myfelf of this, I inflated the
lungs of feveral kittens with dephlogifti-
cated air, after the {ternum was removed ;
and the blood in all the pulmonary veins
became immediately very florid.

Hence it is evident, that the florid co-
lour acquired by the blood in refpiration
is produced by dephlogifticated air. But
it may be afked, by what means the air
is applied to the blood in refpiration ?
whether by means of the abforbents, or
by the force of chymical attraction ?

If it were taken in by the abforbents, it
muft pafs directly to the right fide of the
heart, and change the colour of the blood
there ; which does not happen,

It
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It has been thewn by Dr. Prieftley, that
atmofpheric air will change the colour of
blood through the coats of a bladder ; but
there are no dire¢t proofs that it will pro-
duce the fame effect through the coats of

the veflels in a living animal.

To determine this, I diffe€ted the cellu-
lar membrane from the {mall veins in the
neck of feveral rabbits, and confined the
blood in them by ligatures; then I con-
dufted a fmall ftream of dephlogifticated
air to the coats of the veflels: in fome of
them the blood became a little florid ; but
in others there was no diftin& change,
although the ftream of air was conducted

for two minutes.

In thefe inftances, however, where it took
place, fomething muft have pervaded the
coats of the veflels; and this makes it

highly
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highly probable, that, when the dephlogi-
fticated air produces the change of colour
in the blood, fomething pervades the coats
of the pulmonary veflels by the force of

chymical attraction.

But what it is that pervades the veffels,
is not yet known : whether fome principle
feparated from the blood be combined with
the dephlogifticated air, to form fixed air;
or whether the dephlogifticated air be de-
compofed, and a part of it paffes into the
blood, while the other part remains be-
hind in the form of fixed air; or, laftly,
whether the dephlogifticated air enters into
the blood in its entire ftate, whilft the fixed

air is {eparated from the veficls.

The greater number of fatts in thymiﬁ:ry
feem to favour the firft fuppofition; but
yet they only make it probable; and more

than
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than probability cannot be expected, until

the nature of thefe airs be better under«
{toad.

But, whatever folution future experiments
may furnith, this general fa& will remain
unaltered ; vsz. That the change of colour
which the blood undergoes in pafling
through the lungs, is occafioned by the
chymical acion of the dephlogifticated air
of the atmofphere; and that, in confequence

of this, fixed air is received.

To proceed in the inquiry, we endeavour
to trace the connexion of this change in the
pulmonary blood with the other fun&ions
of the body.

It is generally known, that when an ani-
mal breathes the fame air {everal times, his

pulfe becomes {lower, till at length it ceafes,
I and
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and all the other functions are {ufpended ;
and it is alfo known, that when refpira-
tion is obftru@ed, {ymptoms very fimilar
are produced. How are thefe falts con-
nected together ?

It has been fhown already, that, when
the fame air is breathed feveral times, or
when it is retained in the lungs longer than
ufual, there is a gradual diminution of de-
phlogifticated air, and an increafe of fixed
air. 'Thefc fymptoms then muft arife from
one of thefe circumftances ; either from the
noxious quality of the additional fixed air,
or from the want of the falutary quality of
the abfent dephlogifticated air: but the
additional fixed air exerts no noxious quality
in the lungs ; becaufe it may be breathed
in a much greater quantity without any
inconvenience when mixed with atmofphe-
ric air : they muft then be attributed to the

gradual



A

gradual diminution of the dephlogifticated
air.

When the dephlogifticated air is thus
diminifthed, the ordinary change of colour
which the blood undergoes in the lungs
will be alfo diminithed, till at length it
will pafs through the pulmonary veins with
the fame black colour as when it entered
into the arteries.

This has been already in a great meafure
demonftrated in the examples of artificial
inflation ; and it may be feen fhill better in
the toad and the lizard, where the lungs
may be expofed a long time without de-
ftroying the life of the animal.

I forced a confiderable quantity of air
into the lungs of a {mall dog, whofe fternum
had been removed, and confined it there

by a tight ligature round the trachea: the

F 2 blood -
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blood, continuing to circulate through the
lungs in this ftate, began immediately to
put on a fhade of brown in the trunks of
the pulmonary veins ; and in lefs than two

minutes it became very black.,

With the fame view I provided a large
toad, and expofed his lungs on both fides;
and while they were filled with air, I 1m-~
merfed him in a {fmall glafs receiver con-
taining water. When he was firft put into
the water, the blood circulating through
his lungs was florid: when he had conti-
nued in the water twenty minutes, the
lungs ftill filled with air, the blood in all
the pulmonary veflels became gradually
dark-coloured, till at length it was black.
This was repeated feveral times with the
fame animal, and once or twice alfo with
lizards ; and in all the inftances where they
retained the air in their lungs a long time

after
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after immerfion, the pulmonary blood be-
came gradually black.

It follows, therefore, that when the de-
phlogifticated air is gradually diminifhed,
the blood pafiing through the veflels of the
lungs does not undergo the changes of co-
lour which take place in ordinary refpira-
tion ; and that the {fymptoms which follow
obftru¢ted refpiration muft be attributed to
this particular quality of the blood. But
- by what means 1t produces thefe fympté:ms,

we next inquire.

The firft fuppofition is, that it exerts
fome noxious quality on the nerves of the
lungs, which is communicated by them to
the brain.

If it operates in this manner, the fame
fymptoms will not be produced by ob-
F-3 ftructed
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ftructed refpiration, when the nerves diftri=
buted on the lungs are fo divided that their
communication with the brain 1is inter-

cepted.

T'o afcertain this, I provided a fmall dog,
and divided the trunks of the par vagum
and great intercoftal nerves on each fide of
the neck about an inch below the larynx:
the {kin was then fewed up, and the animal
appeared to fuffer no other inconvenience
than a laborious refpiration. The next day
I put him under a glafs bell inverted, and
filled with atmofpheric air. When he had

continued there feveral minutes, the refpi-
ration became difficult; and foon after he

fell down without any fign of life. I di-
vided the nerves of another dog in the fame
manner ; and the day following I pafled a
ligature round the trachea, and obftructed
the refpiration: foon afterward he fell

down without any fign of life.
It
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It appears, then, that the black blood
produces the fame fymptoms when the
nerves of the lungs have no immediate
communication with the brain; and hence,
in the cafes of obftructed refpiration, it can
exert no {uch noxious quality on the brain

by the mediation of the nerves.

From the lungs this black blood pafies
immediately into the finus venofus and left
auricle of the heart. What changes does
it produce there ?

The only fenfible change it can produce
in the heart, i1s in its contractions; and
thefe may be eafily obferved by inflating the
lungs, when the fternum is removed, and
the pericardium opened in fuch a manner
that the motions of the auricles and ventri-

cles may be diftinétly perceived.

Fia I made
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I made thefe experiments with all the
circumftances here mentioned ; and in the
procefs of inflation I attended carefully to
the changes in the colour of the blood, and
in the correfponding contractions in the left
auricle and ventricle of the heart; and in
all the examples, I obferved that when the
blood which pafied into the left auricle was
florid, the auricle and ventricle contrated
frrongly, and the circulation went on as in
health ; but when the blood began to put
on a {hade of brown, the contractions were
diminithed ; and when it was black, the
contractions ceafed, although the auricle
was dittended with blood; and as the con-
tra&ions ceafed, the funé&ions of the body
were fufpended ; but as {foon as the florid
colour began to be reftored, the auricle and
ventricle refumed their contractions, and
they gradually recovered their natural ftate;

and all the other fun&ions returned.
In
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In thefe examples the contra&tions of the
left auricle and ventricle are immediately
affected by the quality of the blood (2) pafs-
ing into them; for when they ceafe, the
auricle is filled with black blood : but not-:
withftanding thefe facts, to fuch- as have

particular

(¢) This explanation has been objeéted to by {fome
perfons, on very refpe&able authority. It has been
faid that the heart refumes its contrations at the
firft inflation ; and, as the blood in its cavity cannot
be fuppofed to be changed {o foon, the renewal of
the natural contra&tions muft arife from fome other
caufe, But thefe two circumftances are only affer-
tions, which have not yet been demonftrated. Be-
fides, fome contra&ile motion may be produced in
the heart by the agitation it {uffers from the firft
diftention of the lungs, in the fame manner as feeble
contractions are produced in the hearts of amphi-
bious animals out of the body by agitation, or gen-
tle compreflion ; but thefe motions are not fo ftrong
as the natural contraftions, and they ought to be

carcfully diftinguithed from them.
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particular opinions about the manner in
which the blood aéts upon the heart, it
may not appear clear that thefe alterations
in the contractions arofe from the quality
of the blood alone. This difficulty, how=
ever, may be removed by attending to fimilar

experiments in the amphibious animals (@),
where

(z) Some refpe&able writers have employed the
word fympathy, to exprefs or explain the connexion
between the heart and lungs, When the lungs are
inflated, the heart moves, they fay, by fympathy ;
but, as they have not defined the fenfe in which the
term is here employed, no one can judge of the
propriety of their reafoning. If by fympathy they
mean here a feparate principle or quality that is
fuppofed to lie hid in the body, it 1s only a particu-
lar name for one of the occult qualities of the peri-
patetic fchool, which cannot be proved to exift;
and, as they convey no information to the mind,

they have been long fince banifhed from all chafte

hilefophy.
P pay ¢
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where the heart has only one auricle and
ventricle, where the pulmonary artery is a
' {mall

If the term be intended to exprefs a mechanical
caufe, to affert that the motion of the lungs in refpi-
ration keeps up the natural contra&ions of the heart
mechanically, the affertion is not fupported by fatts -
for, if it were fo, the motion of the lungs would
be alone fufficient to keep up the contractions of the
heart, and any kind of acrial fluid would be then
equally effetual in refpiration; and whenever the
motion of the lungs ceafed for a while, the con-
trations of the heart would always ceafe alfo: but
there are feveral kinds of aérial fluids which are not
fufficient for the purpofes of re{piration ; for when
animals breathe them feparately, the contractions of
the heart ceafe, even while the refpiration continues;
and when the amphibious animals are immerfed
in water, the motion of the lungs ceafes, yet the
natural contraftions of the heart continue upwards
of an hour afterward ; which could not happen, if
the motion of the lungs occafioned thefe contraétions

mechanicall Yo B
ut
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{mall branch from the aorta, and the pul-
monary vein proportionally fmall emptics
itfelf into the finus venofus and auricle
along with the vena cava afcendens, which
carries the principal part of the blood.
Here the quantity of blood brought by the
vena cava would be fufficient to keep up
the acion of the heart, independent of the
pulmonary circulation, if quantity alone

. were

But probably the term is ufed here in its original
and more confined fignification ; #. e. to exprefs the
co-exiftence of effeéts, or the conftancy with which
one change in the body follows or accompanics
another, without any regard to the efficient caufe
of either, or to the manner or probability of their
connexion. In this fenfe, as it exprefles only the
fa&, no one can objeét to the ufe of it: but I can-
not with propriety employ the word in this inquiry,
as my objet is to trace the manner of this con-
nexion between the lungs and the heart, and to fill

up the chafm by inveftigating their proper caufes.
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were required ; and the coats of the finus
venofus and auricle, as well as thofe of the
blood veffels, are almoft tranfparent: the
lungs alfo contain a quantity of air fufficient
to furnifh the neceflary chymical changes
to the pulmonary blood for a confiderable
time without any communication with the
atmofphere; fo that the alterations which
take place in the colour of the blood, and
in the motions of the heart, 1n confequence
of obftru&ed refpiration, are more gradual
and diftin& than in the animals with double

hearts, in which all the blood paffes through
the lungs.

I confined a large living toad on a plate
of metal, with his belly upwards; then I
removed a part of the fternum, and his
heart and lungs were expofed to view.
The lungs were then filled with air; the
blood in the pulmonary veins was florid,

and
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and the heart contra&ed 44 times In a
minute. In this ftate he was immerfed in
a fmall quantity of tranfparent water, where
the alterations in the colour of the blood,
and in the contracions of the heart, could
be accurately diftinguithed. When he had
remained in the water 15 minutes, the
blood in the lungs began to put on a dark
colour, and the contractions of the heart
were diminithed to 0. In 15 minutes
more the dark colour of the blood was
increafed, and the contractions of the heart
were 18. The animal now made feveral
firuggles to relieve itfelf, and threw {fome
air out of its lungs; but the pulmonary
blood becoming ftill more dark coloured,
the contra&ions of the heart were dimi-
nifhed ftill further, and in 40 minutes more
they ceafed; although the finus venofus
and auricle, and the trunk of the vena cava,
were filled with black blood. The animal

Wids
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was now removed from the water, without
any figns of life; but before the expiration
of two minutes he opened his mouth, and
took a large quantity of frefth air into
his lungs. Soon after, he emptied them
almoft entirely ; and this was repeated feve-
ral times. During the procefs, the blood
in the pulmonary veins began to be florid,
and the heart to renew its contractions ;
and in 1§ minutes from the firlt infla-
tion the contractions of the heartlwere
35, all the fun&ions were recovered, and
he walked about without any expreflions of

uneafinefs.

This experiment was repeated feveral
times on the fame toad; and fomectimes,

when he did not fill his lungs, after being
removed from the water, we injeCted fome
air into them with a blow-pipe, and prefled
it out afterward, in imitation of the

examn pra
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example he had given us; and by thefe
means we renewed the contractions of the
heart feveral times. But at length he was
removed from the water, and fuffered to
remain an hour before frefh air was injected
into his lungs. Soon after it was injeéted,
the blood in the pulmona;'y veins became
florid ; but the heart did not again renew

its contractions.

Thefe circumftances were repeated after-
ward in the lizard ; and in all the examples
the contractions of the heart were dimi-
nithed in frequency, in proportion as the
blood from the lungs became dark coloured ;
and they were renewed, when it became
florid, in the fame manner as in the expe-

riment with the toad.

In all thefe examples the quantity of

blood which came to the heart was fully
fufficient
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fufficient to keep up its contraltions; and
{till they were gradually diminifhed in pro-
portion as the pulmonary blood became
darker ; and when it was black, they ceafed
entirely. Thefe alterations, therefore, in
the heart’s motion, muft arife from the

quality of the blood only.

But it may be queftioned, by what means
the quality of the blood can diminith the
motion of the heart? It muft either exert
fome noxious power on the heart itfelf, or
it muft be an infufficient {timulus to excite

1ts contra&tions.

If 1t exerted a noxious power upon the
heart itfelf, it muift diminith or deftroy the
faculty of contraction (#); and if it dimi-
nithed or deftroyed the faculty of contrac-

G tion,

{a) By ¢ faculty of contralion in the heart,” I
mean that quality by which it is difpofed to propel

the blood through the circulating {yftem.



[ 82 4]
tion, the heart would not contract again
when thofe means are applied which are
neceflary to produce the contractions : but
in all thefe experiments, where the heart
ceafed to contra when the blood which
pafled into it was black, as foon as fome
air had been received into the lungs to
change a part of this blood to a florid
colour, the contraions of the heart were

renewed, and foon returned to their natural

ftate.

Therefore this black blood exerts no
noxious power upon the heart itfelf; and
we muit conclude that, in all thefe cafes of
obftruéted refpiration, the heart ceafed to
contrac, becaufe the blood which pafled

into it was an infufficient {timulus ().
And

(¢) This conclufion may perhaps, at firft, appear
fingular; as the fame black blood is a fufficient
ftimulus
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And hence it follows, That the chymical
change which the blood undergoes in the lungs

by

ftimulus to the right auricle and ventricle ; becaufe
it is expelled from them juft before, when it enters
into the lungs: and if it be a {ufficient ftimulus to
excite the contraltions of the heart on the right fide,
why not on the left alfo ?

But it muft be remembered, that the two fides of
the heart do not refemble each other exallly in all
their qualities: there is a confiderable difference
between them, both in refpect to the quantity of mufcular
Jibre, and the facility of being excited to contraltion ; and
this alone is {ufficient to difarm the objetion.

But, even if there were no fuch difference, the
inftance 1s not peculiar to the heart ; there are feve-
ral examples in the animal body, where mufcles of
a fimilar ftru&ure are not excited to contraction by
the fame or a fimilar power: fome of the mulcles
are thrown into contration by the will; fome, by
particular conceptions of the mind; and fome, by
chymical ftimuli : yet none of thefe different powers
will produce a perfe& contra&ion of thofe mufcles

G2 to
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by refpiration, gives it a Nimulating quality,
by which it is fitted to excite the left auricle

and ventricle to contraction.

From all thefe experiments we draw the

following conclufions :

1ft, A quantity of dephlogifticated air 18
feparated from the atmofpheric air in the
lungs by refpiration, and a quantity of fixed

air is added to it.

2dly, The dephlogifticated air exerts a
chymical action on the pulmonary blood ;
in confequence of which it acquires a florid

colour.

3dly, In

to which they are not adapted by nature. Objec-
tions of this kind, therefore, do not apply immedi-
ately to our conclufions, but rather to thc general
law in animal bodies, which muft be regarded at

prefent as an wultimate fact.
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3dly, In ordinary refpiration this florid
colour is feen diftin@ly as the blood paﬁ’es.
into the left auricle; and the heart con-
tracts then with its natural force and fre-
quency.

4thly, When refpiration 1s obftructed,
the florid colour is gradually diminifhed,
and the contractions of the left auricle and

ventricle {foon ceafe.

sthly, This ceffation of contraction arifes

from a defect of a ftimulating quality in

the blood itfelf.

And hence it follows,

That the chymical quality which the blood
acquires tn paffing through the lungs, 1is
neceffary to keep up the atlion of the beart,
and, confequently, the bealth of the body.

&3 SECTION
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S EC A eV

To determine the Nature of the Difeafe pro-
duced by Submerfion.

IT has been fhown, in the Firft Se&ion,
that animals confined in water throw out
{mall quantities of air, and then endeavour
to take fome in from the atmofphere. By
thefe efforts 2 portion of the furrounding
fluid paffes into their mouths, and often
defcends into the lungs; but the quantity
is not fufficient to produce the fymptoms
which afterward appear: (fee the Experi-
ments in the Second Setion :) in the ca-
vity of the lungs it mixes with the air,
and increafes the dilatation of the air-cells;
in confequence of which the lungs are in a

middle
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middle ftate of dilatation; that is, between
expiration and infpiration : and in this ftate
the blood circulates through the pulmonary
veflels with fufficient freedom to keep up
the health of the fyftem; (fee the Conclu-
fions in the Third Settion ;) therefore the
fymptoms are not produced by an obftruc-

tion of the circulation through the lungs.

From the fituation of the animal, the
air and water are confined in the Iungs.;
and the dephlogifticated air which it con-
tains is gradually confumed; and confe-
quently the blood paﬁ]ng through the pul-
monary veflels receives lefs and lefs of its
florid colour, and the contractions of the
heart become proportionally flower, until
they ceafe entirely (fee the Experiments
and Conclufions of the Fourth Setion),

although the faculty of contraltion {till
remains,

G 4 It



Gl

It appears, then, that the ceffation of the
heart’s motion may be fully accounted for
from the action of the water preventing the

entrance of the air into the lungs.

Let us next inquire, if the other parti-
cular fymptoms (fee the Firft Section) can
be traced to the obftruction of refpiration,
and to the confequent ceffation of the heart,

as their proper caule,

In proportion as the colour of the blood
pafling through the lungs 1s darker, the
contractions of the left auricle and ventricle,
and the correfponding pulfations of the arte-
ries, become weaker, and the current of the
blood {lower; and whilft the blood moves
flowly in the larger trunks, it begins to
ftagnate in the fmaller branches of the
arteries and veins, where the refiftance to
its paffage is greateft. At length, when the

o pulmonary
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pulmonary blood is no longer fitted to ex-
cite the finus venofus and auricle to con-
traGion, they recerve it info ther cavity,
and remain at reff. As foon as they ceafe
to contract, and propel the blood to the
head, all the intelleciual operations ceafe(a),
fenfation and voluntary motion are Jufpended,
and the external figns of life difappear ; and
the black blood remaining at reft in the
arteries, and particularly in the fmaller

branches

(@) Whatever may be the efficient caufe of the
intelle€tual operations, fenfation, &c. the circula-
tion of the blood through the brain is an indifpen-
fable condition for them in all the more perfe&t
animals. This is proved by the familiar examples of
fainting from fudden or great loffes of blood ; where,
as foon as the motions of the heart can be perceived
to ceafe, confcioufnefs, and all the other operations
attributed to the mind, difappear; and when the

aftion of the heart is reftored, they all return

again.
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branches of the arteries and veins, occa-
fions the blue colour upon different parts of
the body (@), but efpecially about the face and

lips,

(a) It appears from the diffeCtion (fee Se&. V.)
that this particular blue colour of the face, &c.
arifes from the prefence of the black blood in the
finaller branches of the arteries and veins; and it 1s
ftill further confirmed by the following remarkable
cale in the Obfervationes Anatomica of Sandifort,
of the authenticity of which I have abundant con-
firmation from living teftimony. The fubjet 1s a
boy born in 1764.

¢ In the fecond year of his age the nails of his
fingers were obferved to become blue ;5 but this blue-
nefs often difappeared, and returned again, for the
fpace of a year, when a general languor came on,
and fome livid fpots were obferved on his face,
which increafed very much by exercife, till {foon
after the whole face became blue on the fmalleft
exertion of the body, and particularly the lips and
tongue. Towards the latter end of the year he

Pcrcei?td
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fips, where the number of fuperficial veflels

is moft confiderable. After the left auricle

and

perceived an anxiety about his breaft, and com-
plained of a gencral coldnefs of the body, which
was not relieved by the application of external heat.

Blood-letting relieved the anxiety in the breaft : his
blood was very black, and did not feparate properly
into ferum and craflamentum. In the third year he
perceived frequent palpitations of the heart, for
which the cold bath and exercife were recommended 3
but they feemed to aggravate his complaints, Thele
fymptoms continued ftationary until the 1oth year,
when they were confiderably increafed, and he had
a {pitting of blood.

¢¢ In the 11th year he perceived an anxiety in his
breaft upon the flighteft motion of the body, and
he frequently fainted : the face alfo feemed to be a
little fivelled, and the blue colour was much in-
creafed. At length his legs became cedematous, and
he died. On opening the thorax, it was found that
the aorta took its origin from both the ventricles of
the heart ; one and a half of the valvula {emilunares

were
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and ventricle have ceafed to contract, theright
auricle and ventricle are ftill expofed to the
a&ion of thofe means which naturally ex-
cite them to contraction, and they continue to
contrall for feveral minutes, and propel the
black blood into the pulmonary arteries :
this occafions an accumulation in the pul-
monary veflels, and a livid colour on the
lungs : but from the refiftance to the en-
trance of the blood into the pulmonary
arteries, and from the want of the fynchro-
nic affiftance of the left ventricle, the con-
traGtions of the right become gradually
more feeble, until at length they ceale;
and the right auricle, being foon after greatly

diftended

were extended over the right ventricle, and one and
a half over the left ventricle ; fo that half the quan~.
tity of blood which pafled into the aorta was always
black, not having pafled through the lungs to un-

dergo the alteration of celour,”
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diftended with blood, ceafes to contra&

alfo; yet the faculty of contraltion ftill
remains.

Thus we have traced the connexion of
the fymptoms, and the confequent ceflation
of the heart, to the obftruction of refpira-~
tion, as to their proper caufe. It remains
only now to afcertain the name of the dif-
eafe, and the place it thould have in nofo-

logy.

As the gradual diminution of the pulfe
is a conftant {fymptom of this difeafe, it
was firft called Syncope(z): but, from
fome peculiarities afterwards obferved, phy-
ficians thought pmpér to diftinguith it from

the

() Syncope. Motus cordis imminutus, vel ali-

quamdiu quicicens, Nofol, Cullen. Genus 64.
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the milder kinds of Syncope, and called it
Afphyxia (2) ; and this name has been ge-
nerally retained.  But another difficulty
arofe about the place it thould have in no-
fology ; and, on account of the obfcurity
of its nature, it was for fome time excluded
from every fyftem. At length it appeared
probable, from the general mafs of obfer-
vations and experiments, that the dimi-
nithed action of the heart and arteries arofe
from a morbid fiate of the brain, occa-
fioned by the preflure of fome blood. In
confequence of this, the primary affection
was called Apoplexy, and the diminifhed
action of the heart only a {fymptom ; and
the difeafe was placed under the genus

Apoplexia,

- b

(a) Asgviiz. Deletis omnibus vit® indiciis, acce=-
dente etiam fuffocatione, mortis imaginem 1ta refert
ut merito dubitetur, vitamne, an mortem predicare
fas 4it, Inft, Pathol. H, D. Gaubii,
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Apoplexia, where it ftill remains (a). If,
however, we are to confider the primary
morbid affection of the body as the difeafe
itfelf (), and all the confequent appear-
ances DH]}’IHS {fymptoms ; this difeafe is in
the blood, and confifts in the prefence ¢f
this black blood in the left jide of the beart
and arterial fjflem ; and the diminution of
the action of the heart and arfr:ries, and
the blue colour of the face, &c. &c. are
only fymptoms: this difeafe, thercfore,
might with more propriety be named
Melanzma (¢), and clafled with others

which have fome refemblance to it.
As

(2) Synopfis Nofolog. Cullen. pag. 1go.

() Status ille corporis humani viventis, quo fit,
ut actiones homini propriz non pofiint appofité ad
leges fanitatis exerceri, Morbus dicitur,

Inft. Pathol. H, D. Gaubii.

(¢) Ex wiras dina, fanguis niger.
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As there is no Pyrexia here, nor any pri-
mary Neurofis, and as the alteration of
colour in the fkin is a conftant {ymptom;
would it not be more confiftent with the
principles of nofological arrangerﬁcnt to
place it in the clafs Cachexia, and order
Impetigo? And fince there is no genus for
thefe difeafes, may we not propofe one with
with this name and definition ?

MELANZEMA,

impedita fanguinis venofi in arteriofum con-

verfio, cujus figna, Syncope, et livor cutis.

And this genus would afford an afylui‘n
to feveral nofological wanderers that have
not yet found a permanent refting-place
for it is 2 natural confequence of thefe ex-
periments, that the difeafes which are
brought on by hanging(z), by breathing

fixed

(a) It is fomewhat extraordinary that the greater
part of pra&itioners ftill fuppofe the death, which
follows
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fixed or phlogifticated air, are all produced
by this black blood going into the heart
unchanged by refpiration ; and they thould
be therefore placed in the fame family (a) :
but, as name and arrangement are only of

fecondary importance, when the nature of
a difeafe is afcertained, it may perhaps be

more

follows hanging, to be produced by comprefiion on
the brain ; notwithftanding the number of falls in
furgery which fhow, that a preflure on the brain,
much greater than could be fuppofed to arife from
any quantity of blood accumulated there by hang-
ing, will not diminifh the contrations of the heart
immediately, nor often for feveral hours, and even

days, afterward.

(@) Perhaps in this manner:

Melanzma a Submerfione,

- - a Sufpenfione,

-- ab Infpiratione Aéris fixi,

- ab Infpiratione Atris phlogifticati, &c.

H
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more agrecable to general prejudice to re-
tain the accuftomed title Afphyxia, and to
arrange it as a fymptomatic Syncope, with
fomething added to exprefs the primary

affe¢tion : as

Afphyxia a Janguine venofo in auriculam

et ventriculum ﬁﬂg}ffra: tranfeunte.

Thefe, however, are only propofals for the
confideration of Nofologifts, which we will-

ingly leave to their future determination.

SECTION
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To determine the Condition of the Body in
this Difeafe, and the Means of diftinguifh-
ing it from Death itfelf.

Or animal bodies there are only two gene-
ral conditions, Life and Death ; and fince by
death we underftand the privation of life,
there can be no intermediate ftate between
them. Of the body in this difeafe, we
can fay with propriety only, that it is alive,
or that it is dead. If it were really dead,
it would neceflarily follow, that the means,
which are employed to recover it, in the
different experiments of the IFourth Section,
muft be fuppofed to communicate life to
dead matter, which is impoflible: the

H 2 body
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body is therefore alive, but with a degree
of life lefs perfect than in the ordinary ftate
of health; and fince a difference in degree
does not occafion an alteration in kind (),
the body muft flill retain that principle
which is the immediate caufe of all the
functions, that are performed in health (4) ;
only it is not now excited to action ; becaufe
the external concomitant circumftances,
which operated upon it in health, are re-
moved. Thefe external circumftances arc

heat and refpiration.
To

(4) Majus aut minus non variat {fpeciem.

(4) Hence it appears, that there is a ftriking 1m-
propriety in the terms, which are commonly €m-=
ployed to exprefs the ftate of the body in this difeafe;
viz. ¢ fufpended life,” < fufpended animation,”’ &c. and
thefe terms ought to be laid afide ; becaufe they lead
mankind to believe themfelves capable of reanimating
or refufcitating a lifelefs mafs, when they only cure a

difeafe,
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To afcertain the feat of this principle,
we inquire into the effets of the privation
of heat and refpiration on the living body.

It is generally known, that a {mall dimi-
nution of the ordinary temperature of the
body will not occafion a fufpenfion of any
of its funcions: but it is alfo known, that
a confiderable diminution of the ordinary
temperature of the body will occafion a
fufpenfion of the greater part of its func-
tions (). A certain degree of heat, there-
fore, in living bodies is indifpenfably necef-
fary to keep up the fun&ions of health.
But although the heat be indifpenfably ne-
cefary, it is not in itfelf fufficient to keep
up thefe functions without refpiration : for
if heat be applied to the living body, when

H 3 the

(a) Flora Siberica, prefat. p. 72.
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the different functions are fufpended, none
of them will be recovered, until the re-
fpiration be eftablithed ; and the refpira-
tion is not always eftablifhed in this ftate,
in confequence of the application of heat,
but often requires artificial affiftance(a).
(See the Experiments with the amphibious
animals in the Fourth Section.)

Since, then, the prefence of heat in the
living body is not in itfelf fufficient to keep
up the different funions without refpira-
tion, the heat muft not be regarded as the

whole

(a) No one can deny that the refpiration is fome-
times eftablifhed in this ftate, in confequence of the
application of heat. Reaumur mentions a cafe of
this difeafe, where a perfon was recovered, only by
being expofed to the rays of the fun: and Nature
{feems to employ the {fame means to rccover the
hybernating animals from their torpor, a ftate very
fimilar to this difeafe.
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whole caufe of the continuance of thefe
functions, but rather as putting the body
in a condition to produce them, when the
effetts of refpiration are exerted upon. it.
And hence, when the natural temperature
is conliderably diminifthed in this difeafe,
the body 1s deprived of a condition indif-
penfably neceffary to favour the operation
of refpiration in reftoring the functions of

health,

From the want of refpiration the heart
ceafes to contract ; becaufe the blood, which
pafies through the lungs, is an infufficient
ftimulus to it; and the heart ceafing to
contract, all the other fun&ions are fuf-
pended. But if the temperatﬁre and refpi-
ration be reftored to the body foon after
the ceffation of the heart, the natural con-
tractions will be renewed, and all the other
functions recovered. And fince the con-

H 4 tractions
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traions are renewed by the application of
the ordinary ftimulus, the heart retains that
principle (@), which is the immediate caufe
of its contractions, even after all the other

functions are fufpended.

But if we attempt to reftore the tempe-
rature and refpiration to the body a con-
fiderable time after the ceffation of the
heart, its contractions will not be renewed,
nor will any of the functions be recovered :
and when the contrations are not renewed
by the application of the ordinary ftimulus,
the heart has loft that principle, which is
the immediate caufe of its contractions,

and we have no means of reftoring it.

From thefe fa&s it is evident, 1it, That
the heart is the great feat of the principle

of

(2) The principle of life.
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of life in afl the more perfet animals;
2dly, That the contraction () of the heart
with the ordinary {timulus is the only mark
of the prefence of this principle ; and when
the heart contracs under thefe circum-
ftances, the body is alive ; but when it does
not contrat under thefe circumftances, the
body is dead : Life in the more perfect ani-
mals may therefore be defined, The faculty
of propelling the fluids through the circu-

lating fyftem.

And whenever the fun&ions of an ani-
mal are fuddenly fufpended, and the body
puts on the appear:i.nca of death, it is al-
ways in our power to determine whether it
be really dead, by reftoring the temperature,

and

(a) That a&tion of the heart, by which it exerts
the ordinary force to propel the blood along the
circulating fyftem.
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and by inflating the lungs with proper air.
But, to render the decifion complete, it-
will be neceflary to regulate their applica-
tion by a particular attention to the ftate
of the lungs, and to the immediate object
of refpiration. Thefe fhall be confidered

in the next Section,

SECTION
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SCEC T T O N AL

To determine the beff Means of curing the

Difeafe,

LHE dupins of ducths his dilbilbare 6
much anticipated in different parts of this
Effay, that nothing remains to be added
here, but a few obfervations on the manner

of conducting the application of them,

To recover the fufpended funions, we
mufit renew the contractions of the heart;
(fee Seétion the Fourth;) and this can be
done by reftoring to the body its heat and
refpiration : (fee Section the Sixth.)

In every cafe therefore of this difeafe,
the only object in the cure i1s to excite the

contractions
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contrattions of the heart; and the only
means neceffary to be employed are the
application of heat to the body, and air to
the lungs : . but as the operation of thefe
pﬂweré will be more or lefs effetual, in
preportion as they are regulated by a regard
to the circumftances of the body, -it will
be neceflary to deliver fome particular direc-

tions for the application of them.

When we attend a perfon in this difeafe,
the firlt bufinefs is to examine the tempera-
ture of the body, and, if it be confiderably
below 98°, to order the application of heat :
but, fince the fcale of heat is fo very exten-
five, it is neceflary to determine the degrees
of it beft calculated to promote the reco-

VETY,

It is generally known from feveral fami-
liar facls, that whilft the circulation of the
blood
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blood continues, the temperature of the
body may be raifed many degrees above the
natural ftandard without deftroying the
principle of life: but it appears on the
other, hand, from the refult of many at-
tempts to recover the hybernating animals
from their torpor, that when the circula-
tion of the blood has ceafed, and the tem-
perature of the body is reduced near the
freezing point, if heat be applied either very
fuddenly, or in a very high degree, the prin-
ciple of life is foon deftroyed ; whereas, if
it be applied gradually, and in a very low
degree, to the fame animals in the fame
ciscumitances, the principle of life is often
excited to ation, and the fun&ions are foon

reftored.

The effects of heat therefore are ex-
tremely different in different ftates of health
and difeafe; and the greateft caution is

rr:quired
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requited in deducing any inference from
analogy to regulate the appucation of it as

a rt:mcdy.

But fince the condition of the body in
this difeafe is nearly the fame as in the ftate
of torpor, and fince the progrefiion of the
recovery is alfo the fame ; it can {carcely be
unfafe to conclude, that heat will produce
the fame effeGts on the body in this difeafe,

as in the torpid animals.

"To favour the recovery then moft effec-

tually, the application of heat fhould be
condued on the fame plan, which Nature
has pointed out for the torpid animals. It
fhould be applied very gradually and uni-
formly; and it may be raifed to ¢8°, but

not further than 100°.

When the body 1s warmed uniformly,
and the heat of the interior parts about g8°,

we
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we diret our attention to the ftate of the
thorax; and if the patient make no at-
tempt to infpire, we proceed to inflate the

lungs with air.

When a perfon is in health, the obje&t
of refpiration is to change the quality of
the blood pafling through the pulmonary
veflels, and to fit it to excite the contrac-
tion of the left ventricle of the heart: but
in this difeafe the pulmonary veins, the
finus venofus, and auricle, contain a quan-
tity of blood, which has pafled through the
lungs without undergoing this neceflary
change : the firft obje& therefore in in-
flating the lungs is to change the quality
of the blood in the trunks of the pulmo-
nary veins, {inus venofus, and auricle, to fit
it for exciting their contractions. This
muft be done by introducing the air fo deep
into the lungs, that it may exert a chymical

action on the blood in thefe cavities.

For



I ane ]

For this purpofe, a great quantity of air
muit be introduced at each inflation ; for if
only 12 cubic inches be injected at a time,
this {mall quantity will occupy the larger
branches of the trachea, and confequently
only a fmall number of the pulmonary vef-
fels will be expofed to its action: but if a
much greater quantity of air be forced in at
each time, fome of it will pafs into all the
more remote cells ; and when they are thus
uniformly diftended, the pulmonary veins,
the finus venofus, and left auricle, will be
expofed as much as poffible to its action,
and fome of the altered blood may be forced

into them from the fmaller veflels.

On this account we fhould introduce
upwards of 100 cubic inches of air 1nto
the Jungs of an adult at each inflation (),

and

(¢) This dire&ion is further confirmed by the
circumftances of f{pontaneous rccoveries from an
ordinary Syncope : the firft infpiration is gencrally
very full.
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and it muft be carefully drawn out again
before more be introduced,

But one difficulty ftill remains: there ig
fometimes a quantity of water- infinuated
into the fmall branches of the trachea, and
into the air-cells; (fee the Second Seion ;)
and if the lungs be inflated in this ftate,
the water will occupy thofe places where
the frefh air is principally required: and
although the lungs be inflated with -the
utmoft care and attention, it may be im-
pofiible, on this account, to apply the frefh
air, fufficiently near the finus venofus and
left auricle, to change the quality of the
blood they contain () : in all cafes, there-

fore, where the quantity of water is con-

fiderable,

(@) 1 think I have feen this opinion verified fome-
times in young animals, where the lungs contained

a confiderable quantity of froth after fubmerfion:
I if
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fiderable, we muft remove fome of it, before
the air is introduced. Sometimes a fmall
portion of it will pafs out by its own gra-
vity, when the head is reclined ; and ftill
more may perhaps be taken away by an
inftrument fo contrived, on the principles
of the pump, as to exhauft the lungs of a

part of their contents.

For this purpofe, I propofe the inftru-
ment AB CD E. The brafs cylinder AB

containg

if I inflated them fully in this ftate, the colour of
the blood in the finus venofus and left auricle was
not apparently changed, and the heart did not renew
its contra&ions, although it ftill retained the faculty
of contrafion. Some fimilar cafes are mentioned,
by the Dutch writers, in the human fubjet after
fubmerfion, The perfons infpired feveral times of
themfelves, but ftill they did not recover; and this

failure may perhaps be accounted for in the fame

manncr,
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contains 100 cubic inches of air, and com-
municates with the atmofphere by the {fmall
circular opening @. The pifton DE is of
wood, and lined with a foft fubftance at
the bottom E, fo as to be air-tight. The
two openings 4, 4, are to allow the air to
efcape, when the pifton is drawn higher
than the circular opening 4. The tube C
is for the attachment of a fmaller one, to

be inferted into the nofe, larynx, or tra-
chea ().

If the lungs are to be inflated, the extre-
mity of the fmall tube muft be inferted into
one of the aérial paffages, and the others

12 properly

(2) I am favoured with this inftrument by Dr,
Nooth, a Gentleman diftinguifhed as much for libe-
rality as genius, to whom the Arts are indebted for
feveral valuable inventions, which are commonly

attributed to others,
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properly thut. The pifton being drawn up;
and the orifice @ clofed with the finger,
we prefs down the pifton, and force the
contents of the cylinder into the lungs.
A few feconds after, we draw up the pifton,
and the air pafles from the lungs into the
cylinder again. Then we remove the finger
from the orifice @, prefs down the pifton,
and the greater part of this expired air
efcapes into the atmofphere. After this,
we draw up the pifton a fecond time, while
the orifice # continues open, and a volume
of frefh air enters into the cylinder; which
may be forced into the lungs in the fame

manner.

‘But where it is necefiary to extract watet
from the lungs before the inflation, we be-
gin the procefs with the pifton down ; and
when the fmall tube is inferted, as before, '

we draw up the pifton, until the lower part
E is.
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E is contiguous to the orifice #: the water
will then rife up from the lungs into the
fauces, or cylinder. If the water rife into
the 'r:ylinde:r, it may be evacuated by de-
taching the tube C from its connexion with
the {maller tube: and this may be repeated
once or twice; but always with great cau-
tion, left the pulmonary veffels be injured.
Then we proceed to inflate the lungs in the

manner juft defcribed (a).
If

(a) Other machines have been lately propofed to
inflate the lungs in this difeafe, and particularly
one by Mr. Kite of Gravefend, and another by
Mr, Hurlock of St. Paul’s Church-yard ; two fur-
geons of confiderable eminence and refpedtability.
I have not yet employed thefe machines on animals,
but am informed, that they are extremely well cal-
culated for the purpofe. It appears, however, that
they are encumbered with valves ; and in the choice
of an inftrument for a bufinefs of this kind, which
1s fometimes trufted to the awkward and ignorant

I3 part
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If the inflations be continued carefully and
flowly for feveral minutes in this manner,
she contractions of the heart will be gra-
dually renewed, and the other functions
will foon return, without any other incon-
venience than a difficult and fterterous re-
fpiration, which often continues a fhort
time afterward: this inconvenience arifes
from fome water {till remaining in the lungs,
which will be gradually evaporated by the

expired air.

In fituations where dephlogifticated air

can be procured to inflate the lungs, it

thould

part of mankind, I fhould be difpofed to prefer the
moit imple, where there are neither valves, nor ﬁof.r-
cocks, and where the quantity of air to be injeéted
is clearly meafured : but the value of thefe different
inftruments muft be determined by future expes

Ficnce,
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thould be always preferred to atmofpheric
air. I have employed it in feveral inftances
in the fmaller animals, and the recovery
was commonly more expeditious than where
atmofpheric air was ufed; but I have not
yet been able to recover an animal with
dephlogifticated air, where good atmofphe-
ric air had been ineffectual.

Several other remedies have been recom-
mended for this difeafe by different writers,
and many of them are faid to have been
employed with fuccefs ; but as the circum-
ftances of their application, and the pro-
greflive changes in the body, are not mi-
nutely detailed, nothing can yet be faid to
be determined in favour of their particular
efficacy. If indeed we were to judge of
them from the hiftory of their introduction,
or from their ordinary operation on living
bodies, little affiftance would be cxpg&ed

from them,

14 Some
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Some of them were fuggefted from a falfe
notion of the nature of thedifeafe (2) ; others,
from a miftaken opinion of the principal
feat of life (4); and fome, from an ignorance
of the moft effe€tual means to folicit the
principle of life into action(¢): and none

Fad

of

LY

(2) Bleeding, friftion, and fuccuffion. See Mé-
moires {ur les Noyés, &ec. par Monf. Louis Neder-
landifche Faarboeken, April 1758. Differtatio de Syn-
;f‘ﬁPE’} Auctore Hieron. Queye.

| () The application of different fubftances to the
fki'n, the ftomach, the inteftines, the parté of gene-

ration, the nofe, the fauces, the extremities of the
fingers, &c. Differtatio de Canfic Mortis Submerforum,
Auéi. Facob Gummer.

(¢) The employment of ele&ricity, alcohol, vo-
latile alkali, tobacco, effential oils, and all the acrid
Iand ftimulating fubftances,
| 'Tm&. Ifnard. pag.13. ObL, 5.

Ranchinus in Tradt. de Morb. fubit. Cap. 12.

Alius in Tetrab, Cap. 49.

L{: Voyage d’ Acadie, pag. 1go.
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of them appear fitted to excite the natural
contractions of the heart by dire& agency :
but fince they are now introduced into
practice on the authority of feveral learned
focieties, experiment alone ought to decide

concerning their eflicacy.

In the cafes recorded of their f{uccefsful
application the bodies were warmed : now
it has been fhown in the Sixth Seéion,
that the prefence of heat alone is often fuf-
ficient to produce a recovery; and there-
fore, whilft the remedies are applied under
thefe circumftances, the fuccefs cannot with
propriety be attributed to their operation :
and if they be applied when the tempera-
ture of the body is fo low, that warmth
cannot be fuppofed to contribute to the
recovery, it is known from experiment,
that no fenfible change will be produced:
the concurrence of heat is therefore necef-

fary to their fuccefs.
Still,
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' Still, however, it may be fuppofed, that
the concurrence of refpiration is not necef-

fary.

But this may be determined by applying
thefe remedies in conjunction with heat,
by attending to the progreflive changes in
the body during their {uccefsful application,
and by obferving if the other funcions
return beforé the refpiration be renewed.

I applied thefe remedies fingly to feveral
animals under thefe circumitances, and
attended carefully to the progrefiive changes
in the body : fome of them were recovered,
and others were not ; and in all the fuccefs-
ful cafes the progreffion of the recovery was
as follows. 'The organs of refpiration be-
gan firft to move, two or three in{pirations
followed ; the contractions of the heart were

gradually renewed, and then the other func-
tions followed,

In
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In thefe cafes it appears, that thefe reme-
dies were not often attended with fuccefs ;
and even when they were fo, the other
fun&ions did not return until refpira-
tion began : the concurrence of refpiration
is therefore neceflary to their fuccefs ; and
if it could be granted, that they entirely,
or even in part,- occafioned the recovery in
thefe cafes, it muft evidently be by ope-
rating on the organs of refpiration, by
exciting them to action, by producing an
infpiration, and applying to the heart its
natural ftimulus; thus inducing it to con-
tract, and to reftore the fufpended func-
tions.

Hence, if we allow to thefe remedies all
the efficacy that partiality can claim, it can
only be faid, that they fometimes produce
by indire&t means, what may be always done
directly by the method we have recom-
mended : furely then we ought not to

hefitate
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hefitate in preferring a remedy which can
be applied directly, and which operates with
certainty and expedition, to one that 1s
flow, indiret, and uncertain,

In fituations, indeed, where the means of
artificial inflation cannot be immediately
procured, thefe remedies may be employed
for the moment ; but every perfon ought to
be apprifed of their infufficiency, and of
the neceflity of employing artificial infla-

tion, even after their application has failed.

Haller mentions a cafe, where the ordi-
nary remedies had been employed an hour
without any fenfible effet, and yet by in-
flating the lungs the patient was quickly
recovered (@) ; and I have often feen the

{maller

—

(a) Difputat. ad Morb. curand. et Hift. pertinent.

tom. vi. pag. 318.
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{maller animals recovered by inflation, after
the other remedies had failed.

Notwithftanding thefe faéts and con-
clufions, fome pratitioners may be {till
difpofed to think with the ancients. With
fuch, authority will be more powerful than
argument ; yet, fince thofe who will not be
thaken by the labour of youth, may fome-
times yield to the judgement of age, we
fhall venture to addrefs them in the lan-

guage of the candid Sydenham.,

‘¢ Atque hoc mihi, {uffragante experientia
* multiplici, compertifiimum eft: experi-
‘¢ entid, inquam, optima duce, et magiftra,
““ ad cujus leges et normam nifi exerceatur
¢ Medicina, eam prorfus exulare fatius effet
“ luditur enim (quod aiunt), de corio hu-
““ mano plus fatis, cum hinc empirici, ne-
*¢ que morborum hiftoriam, nec methodum

“¢ medendi
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<

"

medendi callentes, et receptis tantum

freti; ifthinc Sciolorum vanifiimi {pem

y

¢« omnem in affe@ato artis ambitu, et {pe-
¢ culationibus utrinque pari fere momento
¢¢ difceptatis ponentes. Ea demum Praxis,
« eaque fola =gris mortalibus opem feret,
¢ que indicationes curativas ex ipfis mor-
¢ borum phznominis elicit, dein firmat
«¢ experientid, quibus gradibus magnus Hip-

“¢ pocrates ad ceelum afcendit.”









