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TO JAMES COCKE, M. D.
Professor of Anatomy in the University of Maryland.

Tue object of this dedication, dear sir, is not to
insure your patronage for this produetion, but to
evince my high estimation of thoge superior talents
with which you are endowed. And, whilst I render
this small tribute to your talents, and distinguished
merit, permit me, sir, to express the impulse of my
heart, in cherishing a grateful recollection of those
numberless favours eonferred by yourself ; and, the
peculiar obligation I owe to your amiable consort,
whose dignified deportment and uniform kindness
ever since I had the honour of being known to her,
demand my highest eompliment, and warmest sense
of gratitude.

Under these impressions, I e¢laim the privilege of
dedicating to you, this essay. With the best wishes
for your health and happiness, and for a continnance
of your usefulness,

I remain,

Your much obliged,

S. MARTIN.
April, 1813.
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to profit mueh by studying the theory of respiration whieh he
has advecated. Bergman, Scheele, Fontana, Landriani and
other ehemists and philesophers differed from Priestly, and
amongst themselves, with respeet to phlogiston, but as they
were all believers in the existence and extensive ageney of that
Princi{rle, now, I believe, universally admitted to he imaginary,
their doctrines on the subject of respiration are scarcely worth
nvestigation.

To those chemists and philosophers only, who, with minds
disencumbered of the doetrme of phlogiston, proceeded to the
examination of the process of respiration, can we reasonably
ook for interesting information on that subject. Lavoisier
having ascertained that oxygen eould be entirely converted in-
to earbonic acid gas by the addition of pulverized chareoal,

and knowing that earbonie aeid is emitted from the lungs, sup-
- posed that in respiration sueh eombination was made, and that
a part of the oxygen taken into the lungs meeting with the ex-
ereted earbon, formed earbonie acid gas. Another part meeting
with hydrogen he sup‘;mscd to form water, a third portion be-
ing returned unaltered.

By an experiment of’ Doetor Goodwin, it appears that of
100 parts of common air inspired, there are 80 parts of ni-
trogen, 18 of oxygen, and 2 of carbonie acid zas : the air when
expired has been found to be changed as to the pm'imﬂinns of
its parts—the nitrogen is returned unaltered and undiminished,
constituting 80 parts; the oxygen is found to be diminished to
5 parts, and the carbonic acid gas to be inereased to the extent
of 13 parts, which being added together, make 98 parts, two
being lost, which may perhaps have eontributed to form water,
which would be likely to elude the observation of the experi-
menter. The theories of hoth Lavosier and Goodwin appear
to me to be incorreet. as both these authors entertain the ?d!:ﬂ-
that the earbonie acid is formed in the lungs.

Various opinions have been entertained as to the eolour of
the blood. T shall not even enumerate or name the doetrines
of the antients on this subjeet, nor do I think it neeessary to
attempt to refute the opinions of those who consider the ima-
ginary prineiple of pllogiston to have any ageney in the
business.

Lavoisierand Crawford, eoncluded that the dark colour of
venous blood is owing to the eireumstance of that fluid uniting
with hydrogen in the course of the cireulation, and that as the
blood passes through the lungs and has an opportunity to
throw off the superabundant iydru en, that it assumes its
arterial eolour. hence is the I:{v rogen derived ? From all
the experiments which were made by Dr. Goodwin, with a
view to ascertain the eause of the vermillion red, or arterial
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on this subjeet, that T should consider it a waste of time, to
give an account of the authors of such notions; as that heat
was immortal or innate, that it is the result of effervescence
in the stomach and bowels, or of the mixture of acids and
alkalies—of fermentation of friction, either of the bhload
against the blood vessels,or of the particles of the blood against
each other; nor does the idea of heat, being produced by the
union of phospherus and air which are brought into contact
with each other by means of the eirculation, appear to be
more entitled to attention.

The theory of Dr. Black, the great father of modern che-
mistry, shews strong evidences of its author not having freed
himself from Sthalean droetrines, when it was formed.

I'he theory of the ingenious Dr. Adair Crawford, on ani-
mal heat, was so universally received, that notwithstanding
his unac¢quaintance with the nature of oxygen, and his strong
bias to tle doetrine of phlogiston, I consider it necessary to
give some particular attention to it, especially as it is suspeet-
ed by some persons to he the father of the theory of the able
professor of chemistry in this university.

I should be pleased if' the limits of a Thesis, would admit
of my giving a place to the definitions, estimates and proposi-
tions of this very respectable and ingenious author, on the shib-
ject of animal heat. But I find it necessary, to restrict myself
to giving an insertion only to his general conclusions, as to the
source and production of animal heat, It appears from what
Dr. Crawford says, ¢ that animal heat depenss upon a proeess
resembling a ehemical elective attraction. The pure air is
received into the lungs, containing a quantity of elementary
fire ; the hlood is returned from the extremities impregnated
with the inflammable principle; the attraction of pure air to
that prineiple, is greater than that of the blood. This prinei-
ple, will therefore leave the blood to combine with the air; by
this combination, the air is obliged fo deposit a part of its
elementary fire, and as the capacity of the blood is at the
same moment inereased, it will instantly absorb that portion
of the heat detached from the air. The arterial blood in its
passag}:a through the capillary vessels, is again impregnated
with the inflammable prineiple, hence ‘its eapaeity for heat is
diminished, it will therefore gradually give out the heat it
received in the lungs, and diffuse it over the whole system.
Thus in respiration the blood is continually discharging the
inflammable prineiple and absorbing heat, and in its eireulation
continually imbibing this principle and emitting heat.”

This appears to be the substanee of Dr. Crawford’s theory
of animal heat—except, indeed, that when this theory does
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not answer, as in cold blooded animals which have no lungs—
he presumes the heat to be supplied by their aliment.
Independently of the positive grounds which might be
taken against the existence of what the learned author ealls
the inflammable principle, which term appears to me, to be
synonymous with the word plilogiston, it may be objected to
this theory, that there is no evidence of matter of any kind
being imparted to the blood, in the whole eeurse of the cir-
enlation, from the time it leaves the lungs until it has gone
through the entjre aortic system and has returned into the
great veins, of the dark venous colour. 1 eannot imagine the
channels by which the inflammable prineiple gets aceess to the
blood—again, admit as contended by this gentleman, that the
mflammable principle leaves the bleod to ecomhine with the air,
and that by this eombination, the air is obliged to deposit a
part of its elementary fire. Let us enquire what is the force
of this elementary fire. Dr. Crawford, having established the
fact, as he says, * that pure air at the common temperature of
the atmusphere, contains 1550 degrees of heat, if’ a certain
quantity of pure air, not in contact with any body, that would
immediately carry off the heat, should suddenly be converted
into fixed air and aqueous vapour, the heat contained in the
former would raise the latter 1550 degrees, multiplied by three
or 4650 dezrees; and the temperature of red hot iron being
10350, it fnﬁnwn, that the quantity of heat yeilded by pure air,
when converted into fixed air and aqueous vapour, is such (if
it were not dissipated) as would raise the air and vapour so
ehanzed to more than four times the excess of the heat of
red hot iron, above the common temperature of the atmosphere.
I therefore, the absolute heat which is disengaged from the'
air in respiration, were not absorbed by the blood, a very great
deeree of sensible heat would be produced in the lungs.”
Admitting the blood to have its eapacity for containing
heat thus enlarged, by parting with its inflammable principle 3
the change in the air must take place in the air eells, and the
first impression of this horrible heat, must be made en the
fine memhrane lining those eells, and on the delicate vessels
expanded on it, and forming the refe mirabile of Malpighi—
could they bear such consuming heat, not only ocecasionlly, but
at every act of respiration? Dr. Crawford supposes the mat-
ter of heat, disengaged during respiration and combustion. to
be in a free state in the pure air,and that it is only disengaged
from the pure air losing a great part of its specific heat by
combination. The opinion entertained on this subject, by che-
mists generally, is, that the heat disengaged during these two
processes, is eombined with the pure air and that this gas

3
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I cannot consent to part with the droetrine of Caloric,
which has been so long received, witheut more conclusive evi-
dences, than I have seen in favour of Mr. Davy’s opinion ;
that what has been designated heat, is merely “ a vibration of
the corpuseles of bodies tending to separate them, and hence
to be called repulsive motion.”

One of the objections made by Mr. Davy, is, that oxygen
is never decomposed by earbon, at a temperature so low as
98 degrees, and is never decomposed without combustion. He
admits, that phos-oxygen combines with the blood in the lungs,
and that earl?unie acid and water are both liberated from the
lungs, during this proeess, either by the inerease of tempera-
'EIWE:I or from the superior affinity of’ phos-oxygen for the venous

ood,

The grounds taken by Mr. Davy, are entirely new, and
the strength of the reasonings and authority of the experiments
which may be brought in support of them, are so far from
being fully aseertained, that it is a thing of some difficulty to
decide on the course that should be taken on that subject. I
will, therefore, simply make the inquiry, whence the oxygen is
derived that enters into the eomposition of the water an§ car-
bonie acid gas, admitted by that gentleman to be liberated
from the lungs ? and also in what part of the body a tempera-
ture is found higher than 98 degrees, which, he says, is lower
than the lowest at which oxygen gas is decomposed by car-
bou? Is it mot possible, that the exquisite state of division,
in which earbon is found in the blood, may favour such de-
composition at a lower point than that at which it will take
place in the powder of earbon, however finely levigated ?

Having given a rapid review of the different theories of
respiration which appear to me most worthy of attention, I
shall elose this essay with an account of the theory which I
have been induced to embrace.

The object of respiration is, unquestionably, to expose the
blood to the influence of the atmospherie air, for the complete
accomplishment of which the whole pulmonary system ap-
pears to have been expressly constructed and arranged,

When the chest is acted on by the museles, the cavity of the
thorax is enlarged and the lungs being passive in their nature,
are inflated by the rushing inof the air which takes place eon-
formably to a known law of the atmosphere.

Physioligists have puzzled themselves very much with a
view to ascertain the cause of the first inspiration made by the
newly born infant. By some of them it has been supposed that
the air rushes in to fill a vacuum in the thorax—there ean be

“no vacuum there, until the chest is expanded. Others have at-
tributed the first act of inspiration to the fatigue to which the
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It thas appears that oxygen is absorbed or taken up by the
blood, as it passes through the lungs, and that earbonie acid
zas and water are emitted. It has been shewn that these pro-
duets are not formed in the lungs ; the combination of the oxy-
gen with the earbon and hydrogen to form them must then
take place elsewhere. That oxygen should be so mixed with
the blood as to be carried through the pulmonary veins and in-
to the heart, is a point which has been strongly doubted, but
is it more extraordinary or ineomprehensible that oxygen gas,
in its entire and undecompound state, should be taken into the
blood, than that oxyzen gas or air should be thus loosely mixed
with eommon water? and yet we know that to bhe the ease.—
Fish haveno lungs but are furnished with gills which perform
a function equivalent to that of the lungs, the gills of fish can-
not decompose water and obtain the oxygen which enters into
its eomposition. They die very soon on being plunged into
distilled water, or into that which has recently heen boiled—
exposure of this water for some time to the air again qualifies
it to accommodate fish. Hence we may conelude, that the wa-
ter contains vxygen zas or atmospherie air in a state of mix-
ture. That being nﬁmitled, it may be eonceded that the oxy-

n s taken upin the same eondition, and ehanges venous into
arterial blood.

On the instant that the blood has received the oxygen, I
conceive the process of' chemical combination to commence be-
tween the oxygen and the carbon and hydrogen of the blood,
and that this process goes on actively until the oxygen has
eombined with proportionable quantities of hydrogen and ear-
bon, the water ang carbonie acid thus formed are discharged
not only on the arrival of the blood at the lungs, but alse in the
eourse of its cireulation, by the skin, as has been shewn by
Abernethy’s experiments.

All modern philosophers admit that animal heat is very
intimately connectéd with respiration, but much difference of
opinion prevails as it regards the manner in which it is pro-
dueed. OFf some of these hypotheses I have already taﬂmn
slight notice. That which is more satisfactory than any other
that I have seen is the following :

'The oxygen heing received in its entire state and intimate-
Iy mixed with the whole mass of blood, begins immediately to
eombine chemically, with the earbon andiydrug&n which it
meets with in the circulating mass, and in direet ratio with
this combination is the quantity of heat evolved ; the time
which is required for the entire combination of the oxygen with
these articles, may be about equal to that in which it passes
through the arterial system,and thus each part receives heat in
proportion to the quantity of blood that goes to it, and not ac-





















