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OBSERVATIONS
0N THE

CHANGES PRODUCED IN THE
BLOOD IN THE COURSE OF ITS
CIRCULATION :

WITH EXPERIMENTS,

Read to the Royal Medical Society of
Edinburgh in 1823,
WITH ADDITIONS AND REMARES ON DISCO-
YERIES AND OPINIONS SUBSEQUENTLY
i PUBLIZHED,

By Cuas.J. B.WictLiams, M.D, F.R,S, &e,

Tuis essay is designed to comprehend a
consideration of those changes in the
proximate principles of the blood that
are the result of the several organie
functions of cireulation, respiration, and
secretion. Before we can satisfactorily
enter on this subject, it will be necessary
to examine briefly the general com-
position of the blood in health.

Oun the Composition of the Blood,

Since the researches of Berzelius,
Marcet, and Brande (for I think it un-
necessary to detail opinions of an earlier
date), the blood has been considered as
a rather complex fluid, containing at
least four animal principles, namely, al-
bumen, fibrine, a peeculiar colouring
matter, and an imperfectly defined mat-
ter, qsua.llg called extractive ; the rest
consists of water, holding in solution a
quantity of saline matter,

[The recent analyses of Lecanu 4,
Berzelius §, and Babington, give a kind

* In this essay will be found several opinions
which have since been brought forward as new
by others. It formed the subject of a thesis pub-
lished in Latin in 1524 ; aud in 1826 an abstract of
It was Subﬂ!.‘ned in the Trensuetions of the
Medico-Chirargical Soclety of Edinburgh. The
additions are enclosed in brackets,

1 Ann. de Chimie et Physique, xlviil.

t Tralté de Chimie, 1833, t. vii.

of fatty matter as a_constant ingredient
in the blood, which, according to the
former chemist, contains five or six parts
in a thousand; part of it is solid and
crystalline, like cholesterine, and the re-
mainder oily and saponifiable. This dis-
covery throws some light on the deposi-
tion and removal of fat in the body*,
This fatty matter, when in excess, gives
a milky hue to the serum; and in a
case examined by Dr. Christison, it
amounted to five per cent.

It would be convenient, for the illus-
tration of the questions we are entering
on, to consider the blood as a homoge-
neous compound of the substances here
enumerated, without allusion to the
spontaneous separation which occurs
when it is removed from the body; but
since almost every writer hag treated of
the constituents as presented distinctly
by this phenomenon, we shall briefly
usvert to it.

Blood, within a few minutes after its
abstraction from a vessel (the time be-
ing liable to some variation from thein-
fluence of several circumstances), begins
to exhibit a number of small coagula
near the surface, which, by extending
and cohering, gradually form one con-
tinuous stratum of weak aggregation,
The blood below is shortly coagulated
in like manner, and the wﬂnle mass ajp-
rears then to have undergone a change,
i’reaeutlg, however, the edges of the
coagulum on the surface begin to re-
cede from the sides of the containing
vessel; the size dimlniﬁhing and the
consistence increasing, unl,li, in the
course of some hours, ﬁm blood presents
the perfect separation into crassamen-
tum and serum. This phenomenon has
been generally attribnted to the soli-
dification of the fibrinous part of the
blood, which entangles the colouring

* See the writer’s Fsgay on Obesily, in the
Cyclopsedin of Practical Medicine.
t Edin. Med. and Surg, Journ, April, 1830,
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maltter, as in the meshes of a net, and
by its contraction separates them from
the serum. [Berzelius and Dr.” B.
Babington have confirmed this view, by
shewing that fibrine exists in the blood
in a liquid state, and that the firmness
and contraction of the coagulum are due
to the attraction which the particles of
fibrine, on becoming solid, exert towards
cach other.

It would appear from the experiments
of Sir E. Home and Mr. Brande ¥, that
carbonic acid gas 1s extricated from the
blood in the act of coagulation. T am
ineclined to doubt that this oceurs to an
extent when the action of external aw
is exeluded; for T have been unable to
perceive any appreciable extrication of
was when blood 1s allowed to coagulate
in a Torricellian tube inverted over mer-
cury . [My doubts on this subject are fur-
ther warranted by the subsequent ex-
periments of Dr. John Davy and Dr.
Christison, who could not extricate any
gras from blood during coagulation when
the air was excluded. Gmelin and
Tiedemann have recently arrived at the
same results+. When air is present,
the extrication of gas certainly does take
place in the manner described in a sub-
sequent part of this essay, where Dr.
Stevens’ view of this matter will be
noticed.]

John Hunter concluded, from an ex-
reri’me’nt on the blood of a turtle, that

1eat is evolved during its coagulation ;
and notwithstanding the disparity of
cases, this conclusion appears to ium
been extended to the coagulation of
blood in general. The author of an
article on Blood, in Rees’ Cyclopaedia,
and more recently, Dr. Gordonf, (al-
though their experiments are not quite
conclusive), bave rendered it probable
that a slight evolution of heat attends
the cuagtﬁmiml of blood, both arterial
and venous, of warm-blooded animals.
[Sir C. Scudamore confirms this state-
ment. This evolution of heat is doubt-
less the chemical result of the solidifica-
tion of the liquid fibrine ; but the co-
agulation of blood, and of lymph effused,
as well as their fluidity in their proper
vessels, are phenomena of living che-
mastry, which we do not yet understand,
The reason of the fluidity of the blood
assigned by Dr. Stevens, the presence
of saline matter, is quite inadequate, for

* Phil. Trans, 1818,
t Pogendorf Annalen, xxxi.
i Ann. of Philosophy, vol.iv.

this undergoes no diminution or change
during the few minutes which precede
the coagulation ; and this phenomenon
takes place whether the hrﬂnd be ex-
cluded from or exposed to the air.
Warmth rather accelerates it ; and Ber-
zelius states that blood frozen before
eoagulation, will, on thawing, present
the usual separation into crassamentum
and serum*.]

I shall now deseribe the nature and
properties of the several component
varts of the blood, as far as they have
een investigated.

Albumen is known to exist in two
states; in that of a colourless glary
fluid, as in the white of an egg, orin a
more diluted state in the serum of the
blood ; and in that of a white opales-
cent solid, varying in consistence ac-
cording to the quantity of water with
which it is umited. Liquid albumen
may be converted into this latter state
by the operation of heat, galvanism,
acids, and aleohol. The two latter have
been supposed to produce this effect by
abstracting' the water which holds it in
solution. The action of heat on albu-
men has not been so readily explained.
The opinion of Dr. Thomson is, that
heat, by increasing the elasticity of the
water and soda, which by a weak
affinity hold albumen in solution, gives
their particles a tendeney to separate,
and thus enables the particles of albu-
men to obey the attraction of cohesion
which exists among themselves, and
thus to form a solid mass+. This ex-
lanation, which appears to me equiva-
lcnt to the expression, that the addition
of a eertain quantity of heat deprives
water of the power of holding albumen
in solution, wounld still leave the rela-
tions of these bodies an anomalous exeep-
tion to a law, otherwise general—mame-
ly, that heat increases the solvent power
of water. [The opinion given by Dr.
Turner does not appear to me more ex-
planatory — *that albumen combines
directly with water at the moment of
being secreted, at a time when its par-
ticles ave in a state of minute division
but as its affinity for that liquid is very
feeble, the compound is decomposed by
slight causes, and the albumen thereby
rendered quite insoluble. Silieic acid
atfords an stance of a similar pheno-
menon £ Now there 1s this marked

& Traite de Chimie, t. vii.
t System of Chemistry, vol. iv.p. 401,
3 Elements of Chemistry, 1834, p. 938



difference between liquid silica and
liquid albumen; the former cannot be
evaporated to dryness without losing
its solubility: liquid albumen may be
dried at any temperature below 1509,
and the transparent solid thus formed is
not only ﬁuluL]c again into liquid albu-
men, but, whilst dry, it may be heated
to 212°, without losing its solubility.
This fact proves that neither a nascent
state, nor one of minute division, is
necessary to its solution, and that a
change of either the combination or
arrangement of its particles takes place
before albumen passes from the liquid to
the coagulated state. This corresponds
with the explanation given further
on*.]

MM. Prevost and Dumas, of Geneva,
in a memoir rich in observations of great
value to the physiologist, have recently
pointed out a mnumber of properties
which would seem to rank coagulated
albumen as an acid eapable of com-
bining with bases; and render it pro-
bable that in serum and white of egg it
exists in union with soda, which muics
it soluble in water. Thus any thing
which is capable of abstracting the soda
will cause T.}]IE precipitation n?:ﬁulitl al-
bumen. This effect is produced by
acids and aleohol 3 the action of the for-
mer is obvious, and that of the latter
probably depends on the affinity which
caustic soda exerts for this wehicle,
presenting a phenomenon the converse
of that resulting from the action of
water on some metallic salts.  In con-
firmation of this view, I find that albu-
men shows stronger marks of alkalinity
if a little alcohol has been added to
coagulate it. [I think, however, that
this effect of aleohol may with more rea-
son be aseribed to its affinity for water
as well as for soda. Alcohol in like
manner precipitates gums from their
solution in water.] But what sets the
acid nature of albumen in a clearer
light, is the effect of galvanism on it.
To Mr. Brande we owe the discovery
that when white of egg is sub-
.}'fctcd to the galvanic influence, coagu-
ated albumen is deposited at the posi-
tive pole, while eaustic soda may be
detected at the negative pole.  Prevost
and Dumas observe, that when this ex-
periment is performed with wires of an
oxidable metal, the albumen forms a

¢ Examen.du Sang. &c. Biblioth. Universelle,
tome xvi. 1821,

compound with the oxide. [Lassaigne,
however, attributes the coagulation of
albumen at the positive pole to firee
muriatic acid resulting from the de-
composition of the muriate of soda com-
bined in albuminous fluids; but the
quantity of muriatic acid thus developed
is too small to produce such an effect.
Galvanism is a far more delicate test
for albumen than muriatic acid is, and
accumulates at the positive wire a coa-
gulum of albumen from the weakest
solutions, which it could not do if liquid
albumen were not (to use the language
of Faraday) an electrolyte compound ;
for single tons, or vneombined bodies,
are quite indifferent to an electric cur-
rent.

This view of the nature of albumen
receives some support from some ex-
periments which f have made to deter-
mine how far it is eapable of neuotra-
lizing alkalies. Thus, to the white of
egw, diluted with three times its bulk in
water, weak muriatic acid was added, to
such extent as exactly to neutralize
the excess of alkali, without oceasion-
ing any coagulation. Some albumen
similur]{y diluted was coagulated by
muriatic acid, and pure potass very
cautiously added until the coagulum
was re-thissolved ; the solution, when
tested at this period, scarcely exhibited
alkaline qualities. A similar result was
obtained with the coagulum by heat.
[Very similar results have since been
obtained by Berzelius, who neutralized
the alkali of serum by means of acetie
acid, without ecausing any coagulation.
He also formed a liquid albumemn arti-
ficially, by dissolving fibrine or coagu-
lated albumen in a solution of potass,
and neutralizing the excess of alkali
by acetic acid. The liquid albumen
thus formed was coagulable by acid
and aleohol, but not by heat.]

On this view, MM. Prevost and Du-
mas attribute the coagulation of albu-
men by heat to the saturation of the
alkali by carbonic acid; which they
conceive to be formed by the decompo-
sition of a small quantity of the albu-
men. It has been ascertained by Four-
croy, that an egg is ineapable of form-
ing a firm coagulum unless it has for
some time been exposed to the air. This
cxXposure 1s attended with an :lhslll‘pljun
of oxyeren; and I am inelined to be-
lieve I|l=ll.lhi5¢ux}'gtri1, at a hi;g‘h tem-
perature, abstracts a ]nurtiuu ol carbon
from the albumen, and thus carbonie



acid is formed, which gives rise to the
coagulation. 1 have failed in finding
support in experiment for this part of
the theory, for I have been able neither
Lo extract any considerable quantity of
carbonie acid from albumen coa uﬂtcd
by heat, nor to coagulate ]iquig albu-
men by Passini; through it a current
of carbonic acid gas. These results do
not, however, disprove the correctness
of the explanation given above ; for the
first may in some degree be accounted
for from the insoluble and impervious
structure of the coagulum impeding the
action of the agents; and the analogy
in the latter case is not perfect, for in
the first place the affinity of carbonic
acid for soda may, at ordinary tempera-
tures, be inferior to that of albumen;
and secondly, at the degree of heat at
which albumen coagulates, the change
sustained in its c::rm];nsil,iﬂn by the loss
of a portion of carbon, may also be re-

uisite to render its affinity for soda in-
?criur to that of carbonie acid.

Elt now appears to me, that the coa-
gulation of albumen by heat may be
better explained by referring it to this
change of composition than by assum-
ing the formation and 1ren::1pitutin$-
power of carbonic acid. The fact ad-
duced above, that the white of egg will
not coagrulate firmly by heat, unless it
has previously imbibed oxygen from the
air, implies a condition which, under
the influence of increased heat, is most
likely to work achange of internal com-
position. Many other animal and vege-
table bodies have this property of ab-
sorbing oxygen, and retaining it until
it cither afiects their own composition or
is transferred to other matters with
which they may be brought in contact.
On a review of all the characters of al-
bumen above described, together with its
power of umiting with the metallic
oxides, as pointed out by Berzelins, we
can scarcely evade the conclusion of
this chemist, as well as of Prevost and
Dumas, that it exerts many of the pro-
perties of an acid, and that its habitudes
can be best explained on this view.
That free or coagulated albumen does

not redden litmus paper, does not dis-
prove its acid nature, for its insolubility
may prevent this; and, besides, there
are several substances which are recog-
nized as acids and bases, which exert
little or no reaction on test paper ; such
as silicic acid, hytlrm:{a.nic and tannic
acids, several vepetable alkalies, and
the various ethereal compounds of hydro-
carbon.] ;

The experiments of Berzelius* seem
to favour the idea that albumen is capa-
ble of neutralizing acids ; thus affording
an additional example of animal matter

nsseasinE_ both acid and alkaline qi]) -
Hti&s. [Like eystic oxide, which Dr.
Wollaston found to unite with acids and
bases.] Itis probable, however, that in
these experiments the composition of
albumen is changed ; for I find that a
solution of potass disengages ammonia
from the compound of albumen and sul-
phuric acid.

The next principle to be noticed, is
fibrine. Berzelius has shewn that its
characters, in relation to re-agents
searcely differ from those of coagulate
albumen. Thus it is dissolved by alka-
lies, and the solution may be coagulated
by heat, aleohol, and aeids. The habi-
tudes of acids towards it are nearly the
same as with coagulated albumen. The
only points which seem to characterize
it are its fibrous structure and ultimate
composition. [We are still without any
exact means of distinguishing between
these substances. The liquidity of
fibrine during life, which will be no-
ticed presently, can be chemica]l_y imi-
tated only by the means which dissolve
coagulated albumen. Neither can an
organized structure be assumed as ex-
clusively characteristic of fibrine, for it
is not yet known whether the globules
to be presently described are fibrine or
albumen. As to their ultimate compo-
sition, a difference has certainly been
found, but the nature of that di[{treune
has been so variously stated, by even the
latest analysts, that it is a questionable
ground of distinction +.]

Before deseribing the colouring mat-
ter, it will be necessary to consider the

* Med. Chir. Trans. 1812,

Carbon. Hydrogen. Nifrogen. {hryygren. Analysls
fid-g83 7ad 1=7 U 23 872 Gay=Lussac and Thenard,
+ Albumen I it 1555 2667 Prout.
52-650 7859 | R 24-dud Michaelis.
Fibrine g ey B 19 984 19°685  Gay Lussac and Thenard.
LILRE S L B-228 17267 B4 (b Michaelis,



mechanical relations subsisting between
it and the fibrine of the blood. The dis-
covery that blood consists of a limpid
fluid, with coloured particles suspended
in it, very soon followed the invention
of the microscope 3 but the form of these

lobules has been the subject of a won-

erful variety of opinion. Passing over
the earlier micrographers, 1 shall only
notice the results of some recent obser-
vations.

Sir E. Home, from the observations
of M. Bauer *, describes them as sphe-
rical bodies, consisting of an internal
glnhule, which is eolourless, enveloped
in the colouring matter. In less than
thirty seconds after the removal of the
blood from the body, he thinks that they
lose their proper form; the colouring
matter separates from timm, whilst the
central globules run together, and coa-
lesce in groups or lines.  He found that
the fibres of fibrine and musele are com-
posed of globules very similar in appear-
ance, united so as to form threads,

The observations of Prevost and Du-
mas+ appear to me more complete than
any that have preceded them. From
an attentive examination of the blood,
both recently drawn and whilst still
circulating m the vessels of a frog's
web, and of a bat’s wing, they were led
to conclude (as Hewson did long before)
that the form of the red globules in the
mammalia is a eompressed spheroid, or
rather that of a lens, with a central pro-
jection ; while in birds, and animals
with cold blood, it approaches nearly to
an elli The central globules they
found to be spherical, transparent, and
colourless, and confirmed all the results
of Sir E. Home's examinations as to the

obular structure of fibrine and museu-

ar fibre, and, morcover, identified the
size of their component globules with
that of the colourless globules of the
blood.

[How often does it fall to the lot of
the student in physiology to have to un-
learn what he has been at pains to ac-

uire ! Truily, the microscope is a great

iscoverer; for each successive looker
through it has found something new
in the microcosm of the blood, and some-
thingi wrong in the descriptions of those
who have looked before. The account
of Prevost and Dumas, complete and

* Phil. Trans. 1818,
t Examen du Sang, &c. loe, cit.

correct as it seemed, must now give
way to the view given by the superior
compound achromatic microscopes of
my friend Dr. Hodgkin, and Mr. Lis-
ter®*. These gentlemen, after minute
and varied examinations, came to the
conclusion that the particles of the
blood are Aattened transparent cakes,
rounded at the edges, and with a slight
central depression. They could per-
eeive no central globule, nor did tlhe_v
observe that change of form described
by Home to oceur within a minute of
the blood leaving the body, except when
water was mixed with the h]nn-:r, when
the particles immediately became sphe-
rical. This account is the more enti-
tled to our confidence, as it nearly ac-
eords with that given by that scientific
observer, Dr. Young. They have been
also in pgreat measure confirmed re-
cently by Professor Muller, of Bonnt,
who found the particles in all the mam-
malia circular and flat. He discerned,
however, in their centres a harder glo-
bular nuclens; and as this has been
distinctly described by nearly all ob-
servers, we can scarcely doubt its exis-
tence. The entire particles preserved
their shape for several days in serum,
and in several saline solutions ; but
water first rendered them globular, and
then jagged, from its solvent power on
the colouring matter. The central glo-
bules are not aeted on by water; and
from this eircumstance, and from their
similarity in form, Dr. Muller considers
them to be identical with the globules
which he has found in lymph and
chyle.]

Prevost and Dumas further satisfied
themselves that the coagulation of the
blood is eaused entirely by these cen-
tral globules abandoning  the colour-
ing maiter, and coaleseing so as to
form one continuous mass, which is
the fibrine ; while the colouring mat-
ter is omly mechanically retained by
it. [This description of the ecoagu-
lation of the blood, simple and tempt-
ing as it seems, must again give way
to the older notion, revived by Ber
zeling, Babington, and Miiller, that
liquid fibrine exists in the blood inde-
pendently of the central globules; by
its coneretion gives form to the coagu-
lum, and constitutes the buffy coat, the

Y

* Appemdix to the Tranzlation of Edwards on
the Influence, &e. 1H32. P. 424.
t Pogendorf*s Annals, xxv. 513.

1835,



coagulable lymph of inflammation, and
the gelatinous clot of lymph, and of
some dropsieal effusions. Neither Dr.
Hodgkin nor Professor Miller could
pereeive any dispesition in the colouring
matter to abandon the central globule
when no water was added ; on the con-
trary, the particles preserve their form,
and unite together in rows, or reulean,
in their entire state, until after many
hours, when new chemical actions pro-
bably begin, and the particles then
become mnotched, or jagwed at their
ma.rg*ins.%

MM. Prevost and Dumas also traced
an exact similitude between the colour-
less globules of the blood, and those of
chyle, milk, and healthy pus. But the
most curious instance in which they re-
cognized globules of a similar nature
was in albumen, coagulated either by
galvanism or by heat. This they de-
scribe as being composed of g]u:-gu]cs,
which, as to form and size are identical
with those of the blood, of milk, chyle,
&e. My own examinations have only
partially confirmed these results. I have
perceived a distinetly globular appear-
ance in albumen coagulated by galva-
nism, which in some instances appeared
disposed in regular lines, decussating
one another liEc the muscular coat of
the urinary bladder®; but as to form
and size, tha're observed them not only
different from the globules of blood, but
presenting also a considerable variety
among themselves ; and I confess my-
selt somewhat incredulous as to the
reality of the uniformity mentioned by
these authors. [Tt would appear that
my incredulity did not go far enough ;
for the observations of Messrs. Hodgkin
and Lister are opposed to the existence
of globules, not only in pus and coagu-
lated albuwmen, but also in muscle,
nerves, brain, cellular, serous, and every
other texture. If these should be con-
firmed, there is an end of the simple
system of homogenesis of structure, of
which M. Bauer's microscope seemed to
have given us a glimpse+.]

The colouring matter has been gene-

# This appearauce was obtained by the action
of a low galvanic power on diluted albumen.

+ I confesz myself to have been one of the
many who saw through the microgcope an appa-
rently globular structure in muscle, brain, &c.
If thiz was a fiction of the instrument, on it be
laid the Blame. There are now, surely, good in-
struments enough, and it is to be hoped that some
of their owners will apply them to these impor-
tant objects.

rally considered soluble in water; but
Prevost and Dumas have shewn that
this is not the case. When a jet of wa-
ter is made to play on the erassamentun,
the eolouring matter is conveyed away
in a state of such minute divizsion, that
it is capable of passing through filters,
and from its own transparency it does
not impair that of the water; but its
fragments, which are discoverable by
the microscope, subside by rest in the
form of a pretty dense red deposit. The
nature of this matter has not been accu-
rately determined. That it contains
iron in a notable proportion has been
long known; and the experiments of
Berzelius seem to shew that the animal
matter is of the nature of albumen and
fibrine ; but they are in some degree ex-
ceptionable, as he evidently operated on
a mixture of colouring matter and white
globules. The affinity between the iron
and albumen must be powerful ; for
when thus united, the iron is not open to
the action of the usual tests.

[Since this was written, the colour-
ing matter, hematosine, or hematine,
has been more minutely examined by
Engelhart, Rose, and Michaelis, and
they confirm the account given of
it by Berzelius. Rose has shown
that the presence of albumen in a
solution always intercepts the action
of infusion of galls and other tests
on iron; but if the animal matter of
the hwematine be thrown down by a
current of chlorine, the iron becomes
open to detection. Michaelis found ‘in
hwmatine very nearly the same propor-
tions of elements as in albumen, with
the addition of a minute quantity of
oxide of iron, not amounting to one per
cent. I do not find that the remark of
MM. Prevost and Dumas, on the inso-
lubility of hwematine, has attracted at-
tention ; for it is stated generally to be
soluble in water. Probably part is so-
luble, and part is merely diffused in_the
minute gelatinous fragments  which
these observers saw by the microscope,
and which subside after long standing. ]

Synthetical experiments have not hi-
therto cmlﬁrmedp the analysis of this
substance, for no compound has been
formed artificially entirely resembling
the eolouring matter of the blood. The
substance most nearly resembling it
which in many experiments I have
been able to obtain, was formed by coa-
culating by aleohol, or heat, the com-



pound of peroxide of iron with albumen
made by galvanism with an iron wire ;
but the eolour of this was orange-red,
and wanted the crimson hue which cha-
racterizes blood.

[The sulpho-cyanate of iron is nearly
of the colour of blood ; but althongh the
sulpho-cyanate of potass has been found
in the sa{iva, nothing of the kind has
been ever detected in the blood *.  The
opinion of Mr. Brande, that heematine
is a peculiar animal colouring principle,
is still the most probable. i.aspnil 8-
serts that blood may be imitated by the
spontaneous evaporation of a menstruum
containing in solution albumen and co-
louring matter.]

The remaining animal substance, to
which Dr. Marcet gave the name
mues-extractive, is evidently of a com.-
plex nature. Berzelins considers it to
consist chiefly of lactate of soda, and
perhaps the remainder is a kind of mu-
cus. [M. Lecanu, whose analysis of
the blood is well known, did net find
this compound extractive to amount to
two parts in a thousand of blood.

Another eurious prineiple is supposed
by M. Baruel to be a constant ingre-
dient in blood—a volatile odorous mat-
ter. He found that on beiling blood
with sulphuric acid, a strong odour was
disengaged, exactly like that of the

erspiration of the mdividual or animal
rom which the blood was obtained. If
this is really an original eonstituent,
and is not produced by the action of the
acid, I suspect that it must be joined
with acetic acid, which exists in sweat,
and has lately been detected in minute
quantities in the hlcmd-}.}

The saline contents of the serum are
chiefly alkaline muriates and phos-
E]mtes. The effect of serum on vegeta-

le colours indicates the presence of an
alkali in a free, or, perhaps, in a earbo-
nated state; and it has been clearl
proved by Dr. Marcet that this alkali 1s

at.

In order to eonvey a clear idea of the
composition of the blood in the living
system, it will be useful to recapitulate

* My lamented friend, Dr. Maton, once de-
scribed to me the case of a lady, whose perspira-
tion, when profusze, dyed the clothes on some
parts of her person, partieularly the wrists and
neck, of a bright erimson colonr, but without any
marks of blood. This, he added, was supposed
by Dr. Prout to be caused by the sulpho-cyanate
of iron.

t Thomson’s Records of Science, June, 1535,

¢ Nicholson’s Journal, vol, xxxi.
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the most important eonelusions to which -
the foregoing deseription seems io lead.

The blood eonsists of a limpid serum,
through which particles of a red colour
and determinate form are diffused.

The serum consists of water holding
in solution, besides some saline matters,
a little fibvine, and a compound of albu-
men and soda, which may be termed an
albuminate of soda.

The particles are composed of twe
distinet parts—1. an internal spherical
body, transparent and colourless, whose
nature is closely allied to coagulated or
uncombined albumen®; and 2. a co-
louring matter which envelopes it, of a
gelatinous consistence, composed of an
animal principle resembling albumen,
united with a small proportion of iron.

Ou the Changes of the Blood produced
by the Function of Respiration.
WE are now prepared to enter on the
alterations which the blood sustains in
the course of its cireulation. That im-
Furtant change which takes place in the
ungs, as being necessary to prepare
this Huid for its other offices in the ani-
mal economy, will naturally first claim

our attention.

To discuss the theory of respiration
in the mostsatisfactory manuner, it would
be right to collect impartially all the
facts relating to the suhject that have
been well ascertained, and from a care.
ful analysis of these arrive at such con-
clusions as may best refer the pheno-
mena to known laws. This method,
however, is incompatible with the plan
of an essay of this nature; and for the
same reason I must forego the interest-
ing occupation of tracing the progress
of medical seience in an examination of
the numerous opinions on this subject
which bave been heretofore. advaneed.
1t is my intention here to examine the
only two theories that in any degree
explain the phenomena of respiration,
and by an impartial comparison with
ascertained facts, endeavour to deter-
mine which of these, in the present state
of our knowledge, is best qualified for
this end.

The first theory to be noticed is that

* [This still seems to me the composition of the
internal globule most consonant with analysis ;
for if it be fibrine, a8 commonly supposed, how
comes it that Lecanu found less than four parts
of (brine, while the coloaring matter amounted to
130, und albumen to GF or 70, in 1000 of hlood @
It is impossible that these four parts conld have
included the central nuclei of the red particles,
us well ag the tibrine dissolved in the serum ]

B
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founded on the views of Black, Priest-
ley, Lavoisier, and Crawford, and fur-
ther modified into the form in which it
is now generally received, by Mr. Ellis.
I shall first state the theory in distinct
propositions, and proceed afterwards to
consider the facts and arguments that
may be addueed for and against each.

1. Venous blood differs from arterial
in its ultimate composition, in its con-
taining a larger proportion of carbon.
In their capacities for caloric, like-
wise, there is a considerable difference ;
that of venous blood being = (58928
(water being 1000), while that of arte-
rial blood is = 1"0310%.

2. In the lungs the venous blood is
freed by a process of secretion from its
superfluous carbon, which immediately
unites with the oxygen of the inhaled
air. This union proves a source of heat,
which becomes latent in satisfying the
increased -capacity of the blood now
rendered arterial.

3. In the course of the circulation the
arterial blood is converted into venous
by the acquisition of carbon; and its
capacity for caloric diminishing simul-
taneously with this conversion, causes
an evolution of sensible heat.

Let us now examine the grounds on
which these several propositions are
supported.

1. It was the opinion of Lavoisier
and Crawfordt, that the difference be-
tween the composition of venous and
arterial blood consisted in a quantity of
hydro-carbonic matter existing in the
former in a state of loose combination.
This they inferred from the changes
which they found the air expired from
the lungs to exhibit—namely, the loss
of a portion of its oxygen, and the acqui-
sition of carbenic acid gas and watery
vapour, both of which were supposed to
be formed by the union of the hydro-
carbon of the venous blood with the
oxygen which was found deficient in
the expired air. The later experiments
of Allen and Pepys§, however, which
were conducted so carefully that more
confidence may be placed in their re-
sults, prove that the carbonic acid ex-

* [Thiz and the last clauses of the snbsequent
propositions have been abandoned by all the later
sapporters of this theory, who therefore exclude
the production of heat from their view. Asthese
clanses are separately diseussed, they do not in-
terfere with the argumeiits relating to the other
nris.

: t Ilnl;lt-!'l'l-. de 1"Aead. des Sciences, 1777 and 1780,

+ On Animal Hent, passin.

§ Phil, Trans. 1808 and 1800.

]ﬁred contains just as much oxygen as
198 [lisappcumi from the air inspired.
Tt was therefore concluded that carbo-
nic acid is the only real product of re-
spiration, and that the aqueous vapour
in the expired air proceeds merely from
eva'[mraliml from the extensive warm
and moist surface of the bronchi, glottis,
&%c. Mr. Ellis, in his exposition of this
theory *, has therefore considered the
difference as I have stated it.

[The subsequent researches of Id-
wards, Dulongz, Collard de Martigny,
and others, shew that there is in the re-
spiration of most animals more oxygen
consumed than carbonie acid produced ;
but it does not appear that this result is
constant with regard to man; and al-
though all arguments founded on parity
of volumes of oxygen lost and earbonie
acid produced must hereby lose their
force, yet still respiration has not been
proved to yield any other product than
carbonic acid. Water certainly may be
produced by the union of its elements,
the oxygen being derived, in the wa
just mentioned, from the air; but this
surplus of oxygen is quite as likely to
be consumed in the formation of other
matters, which are known to be pro-
duced in the blood, and which v.-iII be
noticed hn:rc:tﬁur.?

If the venous blood owes its peculia-
rities to its containing an additional
quantity of carbon, a question naturally
arises, in what state does the carbim ex-
ist? In the theory of Crawford, the
hydro-carbonie matter was conceived to
be loosely combined with the constitu-
ents of the blood: here the expression
was vague; but when employed to sigr-
nify the relation between simple carbon
and the blood, it is ndmis:&ihtc only on
the view recently advanced, that the
carbon may exist in its free state of
charcoal powder, “Dby its dingy hue
obscuring the colouring matter of the
blood +.”  But such a guantity of free
carbon as must be requisite to darken
arterial blood into the venous hue would
be easily detected by chemical analysis;
and this has never been done with ve-
nous blood. [Dr. Clanmy, of Sunder-
land, has indeed asserted the existence
of a notable quantity of free carbon in
venous blood ; but this assertion is not
supported by any experiment on record.]

* Inquiry into the Changes induced in Atmo-
spheric Alr, &c. Part 1
t Good's Study of Medicine, Protm to vol. ic
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Mr. Ellis, although he dircetly ex-
presses no opinion of the state in which
carbon exists, says that it is by wo
means proper to ascribe to it the dark
colour of venous blood. His view, how-
ever, assumes that the carbon is in some
way combined in some principle of the
blood ; and this being the only pecu-
liarity in venous blood, it is impossible
in this view to avoid referring to it the
peculiar colour. Now there is a total
want of experimental proof for this
view. Analogy seems even to oppose
it; for carburetted hydrogen gas, which
is likewise capable of uniting with the
blood, gives to it a florid hue, whilst
hydrogen has a contrary effect.

[The difference, as here represented,
between venous and arterial blood, has
therefore no other foundation than a
gratnitous conjecture, plausibly shaped
in accordance with the theory in ques-
tion. It would, indeed, not be difficult
to devise other modes in which venous
blood might contain the supposed ex-
cess of earbon ; butit is useless to frame
comjectures for the purpose of falsifying
them.]

The estimates of the specific heat of
arterial and venous blood, given in the
latter clause of this first proposition, are
the resultsof the experimentsof Dr.Craw-
ford. Tt is well known that these have
not been confirmed by the trials of Dr.
J. Davy, who estimated the capacity of
venous blood at 903, and that u} arterial
‘913 %, Between these conflicting state-
ments it is difficult to decide justly.
From a consideration, however—I, of
the small difference in composition be-
tween arterial and venous blood, which
is so slight as to have eluded the detee-
tion of chemists 3 2, of the errors disco-
vered in others of Dr. Crawford’s esti-
mates; and 3, of the probability of these
also i;{:iui_ﬂ; erroneons, inasmuch as if

calenlated  on  they would be found
greatly to overdo the effects here as-
signed to them, 1 am led to prefer

Dr. Davy’s results, the accuracy of
which seems now to be generally ad-
mitted,

[The discovered errors here referred
to, are in Crawford’s estimates of the
specific heats of oxygen and carbonic
acid, which are stated very differently
by subsequent experimenters, As to
the composition of venous and arterial
blood, recent analyses are said to have

* Phil. Trans. 1814.

certainly detected trifling differences,
but not enough to invalidate the remark
given above.]

2. In the lungs the venous blood is
Sreed, by a process of secretion, from its
superfluons carbon, which immediately
unites with the oxygen of the inhaled
air. This wnion proves a source of
heat, which becomes latent in satisfying
the inereased capacity of the blood, now
rendered arterial,

M. Caron was the first who suggested
that the superfluous carbon, supposed to
exist in venous blood, may be separated
by a vital action of the pulmonary ex-
halants, and that the oxygen of the in-
haled air is only necessary to unite with,
and convey away this excreted matter®.
A similar opinion has been advaneed,
and sul;purh:c] with considerable inge-
nuity, by Mr. Ellis. Having an im-
pression that the intervention of a living
membrane preeludes any direct action
between the air and the blood, he was
led to conclude that the arterialization
is effected by the exhalants of the pul-
monary arteries and veins secreting
carbon from the blood. How far this
impression is founded we shall examine
hereafter; we have here to inquire whe-
ther the hypothesis is consistent with
the phenomena. 1In discussing it, we
must for a moment grant all that is
contained in the first clause of the for-
mer Erupnsilimi, without reference to
the objections to which we have shewn
it to be liable.

Mr. Ellis derives his arguments
chiefly from the ratio which the pro-
duction of carbonie acid is observed to
bear to * the due eirculation and distri-
bution of the blood.” Thus Spallanzani
found, that, in snails exposed to a cold
equal to zero, the circulation ceased,
and with it the effect produced on the
air; but on raising the temperature,
both were proportionally reproduced.
The same was observed of the marmot,
m its torpid state+. It is obvious, how-
ever, in whatever light we view the re-

* Recherches critiques sur 'ouvrage de Good-
wyn, sur la Respiration, 1794,

t Mem. sur In Respiration, trad. par Senebier.
[For fuller amil clearer illustrations of these
points, see Dr. Edwards's interesting researches
* On the Influence of Physical Agents,” &e. trans=
lated by Drs. Hodgkin and Fisher. The effect of
extreme cold s to suspond both the vital fune-
tions and those chemical changes which are con-
nected with them ; hence it arrests not only the
process of arterialization, bat that of reconversion
of arterial blood into venous also. ]
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lation of the blood and the air, that, in
order to continue their changes, the
blood must cireulate and be successively
subjected to whatever influence is ex-
erted in the lunes.  So, likewise, whe-
ther carbon be exhaled or not, exercise,
by augmenting the periods of this in-
fluence, may cause a corresponding in-
crease of the production of carbonic
acid. But the production of carbomic
acid is not, as Mr. Ellis supposes, uni.
versally proportioned to the vigour of
the circulation, for spirituous and fer-
mented liqguors diminish the former, but
increase the latter*.

It might be a question whether the
influence of any secretory organ can so
prevail over owdinary chemical affinity
as to isolate a simple substance; but
our knowledge of the nature of the
secernent power is yet too imperfect
to authorize us to set limits to its
operation.  But in a physiological
point of view, an argument of great
weight a[i'mnst the theory which
ascribes  the arterialisation of the
blood to a secretory fumction, may be
derived from the exl_leriments of Brodiet,
Legalloisf, W, Phlip §, Chossat|}, and
others. In these it was found that the
removal of the brain, or the destruction
of its influence by means of a poison, or
the division of the nerves sup ];'_riug the
organ, is uniformly sum:eedﬂcr by a ces-
sation of the secretion of every secretory
organ examined: yet the experiments
of all prove that the blood, &ng those of
Brodie shew that the air likewise, sus-
tain the same changes in these circum-
stances, when artificial respiration is
performed, as when all the functions are
entire. This is not a fit place to discuss
the I]IIEStiﬂ-ll, whether secretion is to be
ascribed to the agency of the nerves;
nor, indeed, is it necessary : it is suffi-
cient for our purpose that these experi-
ments prove that a certain injury done
to the nervous system is sweeeeded by
a cessation or material derangement of
the secretory function in general. If
we are to consider the function of the
lungs as one of secretion, I cannot per-
ceive why it should not obey the same
laws as the other secretions.  [This still
secems to me an insuperable objection to

= Dir. A. Fyfe, Annals of Philosophy, vol. iv.

+ Phil. Trans. 1E1].

1 Exp. sur la Principe de la Vie.

£ Experimental Inguiry, Soe.

§ Mem. sur PInfluence du E}"Etﬂ!ﬂ:ﬂ? Nerveux
gur la chaleur animale,

the motion that the change of blood in
the lungsis vital, any further than that it
depends on the continuanee of the ecir-
culation. Yet this notion still prevails
extensively, and we shall have to notice
it further on.]

Mr. Ellis offers no conjectures as to
the state in which carbon can be excreted
by the pulmonary exhalants. The only
form in which it can be obtained by de-
composition is that of a black insoluble
matter ; and we should expect this to be
its condition in the present instance.
This conjecture appears to be counte-
nanced by the fact that the lungs of the
human subject are frequently found per-
vaded in many parts by a dark-coloured
matter, consisting principally of car-
bon*. Dr. Pearson, however, to whom
we owe all that has been ascertained on
the subjeet, explains it differently, and
perhaps more consistently with many
collateral eircumstances. He considers
this matter to consist of the sooty par-
ticles more or less diffused in the air of
large towns, in the form of smoke;
this being deposited on the bronchial
surface, is taken up by the lymphaties,
but in quantity so minute that it only
becomes appreciable by many years’ ac-
cumulation. Accordingly it is found most
abundant in old people. Tt is less {ire-
quently observed i the lower animals,
perhaps from their not attaining a suffi-
cient age; but Dr. Pearson found it
pretty copions in the lungs of a cat
which had been much confined.

[The black carbonaceous matter has
been, as T had here anticipated, brought
forward, in support of this view of re-
spiration, by Mr. Brande and others;
but the researches of several patholo-
gists have since confirmed Dr. Pear-
son’s opinion ]

* Dr. G. Pearzon, Phil. Trans. 1313,

[t See anotice, and writers quoted, in my work
on Diseases of the Chest, 3d edit. p. 155, from
which I insert one passage:—*' Its deposition
and permanency in the tissue of the lungs is &
proof, not (as Magendie maintained, in the analo=
gous case of the carbonacecus matter of tattooed
sking, and of the infoluble oxide in persons co-
loured by the internal nse of nitrate of silver)
that there are no textural reparation and absorp-
tion, Lut that this absarption cannot act on inso=
luble solid matter. 1 believe that this black matter
finds access to the pulmonary texture principally
through abrasions, softenings, or other lesions of
the Lronchial muconz: membrane, slight injuries
of this kind being common accompaniments of
an ordinary cold or congh. This rooty dust does
not appear generally to produce any injury to the
function of the lung ; but getiing inte any corners
out of the immediate sweep of the ecirculation,
guch az in the angles of the lobules, on the sides
of large vessels, in the cicatrices of old lesions,
and in the bronchinl glands, it remains slowly ac-
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It appears difficult to reconcile some
of the phenomena ofarterialization with
the view that is here given. Were it
true, we should expect that this
might, for a short time, be continued
without the aceess of air; since the ac-
tion of the exhalants, by which the car-
bom 1s supposed to be excreted, must, to
a certain extent, remain until their ori-
fices are so choked as mechanically to
arrest it. To shew how different the
actual case is, I need only appeal to the
experiments of Bichat*. By these it is
sutficiently proved that oxygen gas is so
immediately necessary to the process of
arterialization, that its abstraction from
the lungs is simultaneously attended by
a cessation, and its re-admission as in-
stantaneously followed by a restoration,
of this process.

Still more difficult of explanation by
‘this theory is the phenomenon observed
b Leg‘ailnis‘]-. Fn.llude to the fact,
that after the irritability of the heart has
been destroyed, artificial respiration can
communicate a florid hue to the blood,
not only of the pulmonary weins, but
also of the left side of the heart, and
even as far as the carotids. [I must
here vemark, that this fact does not bear
am the point so much as T formerly sup-
posed 5 for it probably depends on cer-
tain powers which continue to move the
hluml after the ordinary pulsations of
the heart have eeased. Of these powers,
the action of the capillaries, and the
tonic contraction of the arteries, may be
mentioned as those best established ;
but the movements of the lungs, and,
according to Treviranus and others, an
intestine motion of the particles of
blood themselves, may possibly contri-
butet.]

enmulating until death, or until it iz carried off in
expectoration by some pulmonary disense. Buot
there are some curious instances on record, in
which this aceumulation has taken place so0 ra-
pidly and extensively, as to infringe upon the
function of the lang, producing @dema and a
black consolidation of the tissue, which tends to
uloerntion and the formation of cavities.™]

* Recherches sur la Vieet la Mort,

t Exper. sur la Principe de la Vie.

+ A fact worthy of notiee, in connexion with
this subject, was obhzerved in my late experiments
on the canses of the sounds of the heart. In one
ass, after the ventricles Lad ceased to pulsate, the
muricles rontinued to contract at intervals, and o
slight vibratory moiion only was visible in the
ventricles for a considerable time, during which
the artificial respiration continued to render florid
the blood in the arterics. Here was circulation
without any perceptible arterial pulse. ‘This is
thahlg,r the condition of the circulation in those

ainting fits, and other cases of apparent death,
in which wo pulse can be feit or heard in the artes
ries or heart.

Strongly as the preceding facts op-
pose the theory, I shall urge yet ano-
ther objection, which appears to be of
still greater force. Supposing earbon
to be secreted by the exhalants of the
lungs, does any analogy justify the
opinion that this carbon can unite with

e oxygen of the inhaled air, at the
temperature and in the circumstances in
which they here exist? [ am disposed
to think, that whoever examines atten-
tively those natural processes in which
carbonic acid is formed, will concur
with me if I reply in the negative. It
is true that in some putrefactive pro-
cesses carbonie acid may result from the
union of the earbon of the gutr\efying
matter with the oxygen of the air at a
low temperature ; I{ut let it be remem-
bered, that the union is in such instances
effected by the co-operation of other af-
finities, and, consequently, that the cases
are not parallel. The case under our
notice is that of simple, isolated, and
therefore solid, carbon, in its habitudes
with atmospheric air. Nor can any aud
be derived from the agency of a vital
principle (that omnipotent power to
whose operation the most marvellous
effects have been ascribed) ;3 for, aceord-
ing to this theory, the union can only
take place alfter the earbon has been
exereted, and, consequently, removed
hi{nud the sphere u? such influence.
[This objection still appears to me a
very strong one,and I can confirm it by
my late researches on low combustion,
in which I found that simple charcoal
does not unite with oxygen at any tem-
perature below 4007, Some compounds
of hydrogen and carbon undergo a pe-
culiar combustion at 3007, but without
producing carbonie acid*]  Such being
the state of the case, the legitimate con-
clusion is, that unless it can be shewn
why this constitutes a deviation from
the common course of chemical pheno-
mena, the theory that assumes it must
be abandoned.

From the experiments of Priestley,
Girtanuer, Hassenfratz, and others, we
find that a change similar to arterializa-
tion may be effected out of the body by
the simple exposure of venous blood to
air or oxygen gas. This must be re-
ferred to the operation of chemical affi-
nity only. It is true that some have
maintained that we are not justified in

* Fourth Report of the Britich Association for
the Advancement of Sclence. ‘Tranzactions of
Chemtcal Section, Just published,
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cousidering this change the same as
that which takes place in the lungs.
But let me ask, in what points do they
differ? What the nature of the change
is we infer from examining the circum-
stances necessary to effect it, and by
comparing them with the produets
which constantly result from it. In the
cases now before us both of these are
precisely the same; the presence of
oxygen is 1mccssﬂrg' to both; carbonic
actd results from both; both are at-
tended with the same change of colour ;
and this being all we know of either,
we are not justified in assuming any
difference between the two cases.

Tt is obvious, however, that the theory
under notice cannot ascribe to secretion
the phenomenon occurring where no
organic structure, and no living action,
exist to separate the carbon. M. Ellis,
aware of this difficulty, has offered the
following remark :—* In substances de-
irrivcd of life, the carbon may rather
se said to escape by evaporation than
by exhalation, which, physiologically
s]pcuking, is a living action®.” If by
the word evaporation is meant conver-
sion into an elastic state, I shall only
observe of this conjecture that it attri-
butes to carbon a property of volatility
which it is known not to possess, and
therefore cannot be received. I shall
presently have further occasion to urge
the absurdity of supposing that carbon
is separated in such processes.

Lastly, Mr. Ellis has endeavoured to
prove that carbon may escape from re-
spiring animals, and from animal sub-
stances, when no oxygen gas 1s present.
To this end he adduces the experiments
of M. Hubert, which, indeed, prove
that the air in which bees have been
confined contains carbon in some form
besides that in union with oxygen. M.
Huber conjectures that this carbon ex-
ists in union with the azotic gas of the
air; but his experiments do not war-
rant such a u:nn::iusinn, and it is opposed
by all we know of the habitudes of car-
bon and azote. The experiments of Mr.
Ellist on this point are still less con-
clusive : all that is proved by them is,
that when pieces of flesh have been

kept for many days in a vessel of

.'Ltnm:-‘.]}hu'riu air, the air is found to con-
tain carbonic acid gas and carbon in

* Further Ingquiry, &ec. chap. iv.

t Huber and Senebier, Mémoire sur la Ger-
mination.

1 Further Iuquiry, chap, v,

some other foom. In both these in-
stances I think it most probable that
the carbon existed in umion with hy-
drogen, and that carburetted hydro-
aen was thus evolved. That this was
the case in the latter experiment can
searcely be doubted ; for it s well
known that animal matters, in the course
of their decomposition, often exhale car-
buretted hydrogen; and the fietid odour
emitted by bees when confined, coun-
tenances the same opinion with regard
to the other case.

Although the arguments which I'have
here adduced strongly oppose the opi-
nion that carbon combines with oxygen
in the lungs, it is yet abundantly mani-
fest that a union of these elements must
take place in some part of the living
system to produce the carbonic acid in
the expived air. That such union, in
this as in all other instances, is attend-
ed with an evolution of heat, appears to
me equally certain. The experiments
of Dl:larm.: e and Berard #, ‘Wflil:ll some
have held as evidence against such con-
clusion, shew, indeed, that Dr. Craw-
ford’s theory of diminution of capacity
is inadequate to explain how the union
proves a source of heat; but they no
more contradiet the actual oceurrence of
this phenomenon, than they do in ex-
amples of ordinary combustion. For
several reasons we canwot admit Dr.
Crawford’s theory of the distribution of
animal heat. This theory, by reasoning
on its own data, as Le Gallois+ has ob-
served, may be proved to be erroncous ;
for by a simple ealeulation on the num-
bers wiven by Crawford to represent the
specific caloric of venous and arterial
blood, and of oxygen and carbonie acid
cases, it appears that the increased capa-
city of arterial blood would so far over-
balance the ecaloric evolved from the
diminished capacity of carbonic acid
gas, that the lungs, where these changes
are s,u};imsctl to take place, would be the
seat of mtense cold. Further: we have
already noticed that the result of later
investigations prove the incorrectness of
the estimates on which this theory is
founded. There can be little doubt,
therefore, that if the union of carbon
with oxygen did take place in the lungs,
the simultaneous evolution of heat would
be sufficient to raise the temperature of
that organ much more than what ex-

P

* Mem. del*Acad. 1815,
Plf Sur la Chaleur Animale, Ann. de Chim, et
|}.‘l|
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eriment has found it to be—only two
egrees higher than the rest of the body.
This argument may appear to forestal
the question of animal heat, which will be
considered hereafter; butit bears enough
on the present subject to require notice
here, as furnishing an additional objec-
tion to the assumed union of carbon and
oxygen in the lungs.]

3. Iu the course of the circulation,
the arterial blood is converted into
venous by the acquisition of carbon ;
and its capacity for caloric diminishing
simultaneously with this conversion,
causes an eua!{:ﬁuu of sensible heat.

In this part of the theory we meet
with the same ambiguity nfj expression
which we have before nuti-‘:m‘. The
blood is said to acquire carbonj; but
scarcely any defisite view has been
given as to the manner in which this is
effected, or the state in which it exists.
The late Dr. Murray, indeed, with his
characteristic ingenuity,sugeested, from
general principTes, an explanation of
the source of the carbon ; but sinee this
view is intimately connected with ano-
ther function, it will more properly en-
g'agic our attention in a subsequent part
of this paper.

A change like the conversion of arte-
rial into venous blood may take place
independently of any internal agency.
Thus Hunter shewed that arterial blood
assumes a dark colour when stagnating
in a portion of an artery included be-
tween two ligatures *.  The same phe-
nomenon may be observed out ufl the
body, when arterial blood is placed in a
vacuum, or in media which exert no
action on it, as azotic gast. Now the
theory under examination will furnish
no explanation of this fact, unless by
attributing to carbon, in relation to the
other constituents of the blood, a power
actively repulsive, by whose operation it

be isolated, or brought into a state
of less intimate combination. Butsince
such an assumption is uniformly op-
posed by analogy, it must be considered
erroncous; and we must view the fact
as furnishing another argument against
the theory.

It is obvious that what relates to the
change in capacity for caloric by the
conversion of arterial into venous blood
must fall to the ground, if the estimates
on which it is founded are proved to be

# On the Blood, &e.
t Priestley on Air, vol. iii,

incorrect ; consequently the subject of
animal heat can derive no elueidation
from this view of the function of respi-
ration.

If, in the foregoing discussion, I have
argued the question with full and fair
reference to ascertained facts,which it has
been my constant aim to do, we must
arrive at the eonclusion, that this theory
of respiration, being supported by not
one unequivocal fact— being nmmscd by
some facts, and being incapable of af-
fording explanation Iiar many—must be
abandoned, as not representing: the true
relations of the blood and the air.

[This theory was, when this paper
was  written (in 1823), generally re-
ceived, especially in this country. The
work of Mr. Ellis, on Respiration, more
remarkable for ingenuity and labour
than for accurate mvestigation or logi-
cal reasoning,at that 1.imf:?;c1d the sway;
and it was against it that I had chiefl
to contend. Such was its hold, or sucf;
the indisposition to enter fully into the
merits ufl the question, that even up to a
late date this view was entertained by
several distinguished authorities as at
least equally probable with any other.
It is only mnow, when, besides the
scientific and masterly experiments of
Edwards, a few simple and striking
facts pointed out by Drs. Stevens,
Mitchell, Faust, and others,have brought
abundant evidence against the theory,
that all have followed my example in
rejecting it.]

The other theory which it remains for
us to notice, is in general principle
similar to that originally proposed by
La Grange, and subsec ucntl]:r advocated
by Hassenfratz; but n detail, T shall
find it neeessary considerably to modify
it, in order to give a consistent and
more definite character to its several
applications. Although the method may
not set the theory in the most advan-
tageous point of view, yet, for the sake
of facility of comparison, T shall ex-
pose it in the same way as the preced-
mg theory, rendering it in propositions
as nearly corresponding as the difference
of the views willl permit.

L. The difference in composition be-
tween arterial and venous blood consists
in this—that the former contains an ad-
ditional quantity of oxygen, and the
latter of carbonie acid chemically united
with it; the affinity subsisting between
the blood and oxygen being stronger
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than that between this fluid and ear-
bonie acid.

2. The oxygen of the air in respira-
tion, pervading the parietes of the pul-
monary vessels, displaces, by virtue of
its stronger affinity, an equal bulk of
carbonic acid gas, and thus converts
venous into arterial blood.

3. In the course of the eirculation,
the oxygen thus absorbed gradually
attracts carbon from the proximate prin-
ciples of the blood, and uniting with it,
evolves heat; and by the formation of
earbonie acid, arterial is converted into
venous blood.

We proeeed to discuss these propo-
sitions seriatin.

1. OF the existence of earbomic acid
in venous blood, we have direct proof in
the experiments of Vogel and Sir E.
Home, who, by meaus of the air-pump,
extricated a considerable quantity of
carbonic acid from this fluid. The
manner in which the gas is combined,
is rather obscure. I think it most pro-
bable that it is diffused uniforml
through the blood in the same way as it
and other gases are when absorbed b
water. I have been led to form this
opinion from having observed that the
blood, as well as milk, white of epg,
and other animal fluids, readily absorb
carbonic acid gas, and again yield it on
the removal of the atmospheric pressure.
Sir E. Home has observed, that during
the coagulation of the blood, a gas is
evolved, and diffused through the coa-
gulum. There can be little doubt that
this is also carbonic acid gas, but this
has not been proved. It has been sup-
posed that carbonic acid, did it exist in
the blood, would immediately unite with
the excess of alkali present in the se-
rum ; but from the view which we have
given of the constitution of the serum, we
should consider the alkali as already
combined with the albomen ; and even
did no such combination exist, the al.
kali of the serum may already be satu-
rated with carbonic acid,—for vegetable
colours, the only proof of the existence
of alkali in the blood, are equally af-
fected by it in a carbonated state.

[The preceding paragraph contains a
view, as it has been adduced, objected
to, and defended by others repeatedly
since it was first written. On the con-
dition of ecarbonic acid in the blood, 1
have before stated that there are dif-
ferent opinions ;3 and the conclusion to
which my experiments long ago led me,

appears to be confirmed by the latest
and best authorities*. This was, that
the removal of atmospheric pressure is
not generally sufficient to disengage
carbonic acid from blood just drawn ;
but that after a short exposure to air, or
even to hydrogen gas, blood will yield
in the air-pump a notable quantity of
carbonic acid gas. Dr. J. Davy,
Miiller, and others, have also proved
that the serum of blood is capable of
absorbing more than its bulk of car-
bonic acid gas, which it does not en-
tirely lose again in the air-pump; and
Dr. Christison has sagaciously pointed
out this absorption as a cause of the
deficient quantity of carbonic acid pro-
duced, compared with the oxygen con-
sumed, as frund by him in the action of
blood on the air, and by Edwards and
others in the respiration of animals +.
The power by which carbonic acid is thus
retained by the blood is certainly strongrer
than that by which it is held in water; but
T am still disposed to view it as of a similar
kind. The alkali of the serum, although
in a carbonated state, may doubtless
have additional chemical hold on the
carbonic acid ; but, as in the case of
aerated alkaline solutions, this hold is
insafficient to countervail the elasticity
of the gas, when a gas of another kind
comes in contact with it, and when the
two gases, mutnally non-elastie, pene-
trate and displace each other. I shall
have oceasion to recur to this subject of
displacement in the second eclause of
this theory.]

We are next to inquire what faets
warrant the opinion that arterial blood
contains oxygen united with it. The
air-pump does not, as in the preceding
case, furnish a decisive proof of its ex-
istence 3 but such a result is in perfect
accordance with this theory; for the
affinity of the oxygen is greater than
that of carbonic acid, and therefore the
union is more intimate. Analogy fur-
pishes us with strong arguments in
favour of this view : saliva and mucus
are capable of absorbing oxygen, and
again yielding it to other substances, as

* See especinlly Gmelin and Tiedemann—Pog-
gendorf Ann. xxxi.

Dir. Stevens has also lately found that blood re-
ceived from o vein into hydrogen gas, will, after
a short interval, yield carbonic acid. Dr.
Edwards stated many years aro, that Vaugquelin
for a number of years shewed in his lectures that
bleod placed in hydrogen, disengages carbonic
acid.—De UInfluence, &c.y- 465,

t Edin, Meds and Surg: Journ. 1831,
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metals ¥. We have before noticed a
similar property in the albumen of the
eg‘g, which bears closely on the present
subject; and the proximate consutution
of these fluids is not immediately altered
by the absorption. Tt appears probable
that the condition in which oxygen
exists in arterial blood is not exactly
similar to that of carboniec acid in venous
blood ; but the present state of our
knowledge does not enable us to speak
decidedly on this point.

[The analysis nlf the animal matter of
venous and arterial blood given by Mi-
chaélis seems directly to eonfirm this
view+t: but I confess, that for differences
so inconsiderable bhetween compound
and not very definite bodies, I do not
much rely on ultimate analysis. A
strnng;lfr support of this opinion is that
furnished by analogy, as stated above;
and I may add here, that there are few
fluid or moist animal matters which
have not more or less of this faculty of
absorbing oxygen. Some vegetable
products, as fixed oils and extractives,
possess it also. That an agent of such
energetic properties as oxygen should
be more intimately combined with some
or other of the animal principles of arte-
rial blood than carbonie acid is in ve-
nous, is only eonsistent with many other
analogies ; and a variety of speculations
might be formed as to the precise na-
ture of this temporary oxidation. On
these I shall not enter ; but, as I shall
presently shew, although the ’]'.IL‘IIEll'ﬂ--
tive properties of gases is the first step
in giving oxygen to the blood, itisa
further grcl: of’ chemical affinity which
retains it there ; whilst a still stronger
one, gradually acting, atlength converts
it into carbonic acid.

We shall find that this view of the
composition of arterial and venous blood
fully aceounts for the products of respi-
ration, as well as for those changes -
duced in the air by venous blood out of
the body ; but it will be more proper to
arrange these maters under the second
pru:z]'msitim:.

The vxygen gas of the vespired air,
pervading the pavietes of the pulmonary

vessels, displaces, hy virtue of its supe-
rior affinity, an equal bulk of carbonic
acid gas, and thus converts venous into
arterial blood.

This part of the theory being the one
which contains many of its characteris-
tic doctrines, and having been thought
in several points objectionable, 1 shall
examine at some length the objections
which may bear against it, after having
in the first }:-]acc fully developed its ap-
plication. I shall first apply the theory
to explain the changes “’ilt‘.h the blood
sustains when submitted to the action of
the air out of the body.

When venous blood is placed in con-
tact with oxygen gas, a portion of gas
is absorbed, and an equal bulk of car-
bonic acid gas is thereby displaced.
Many circumstances render it probable
that the red globule is prineipally con-
cerned in this process; but the serum
must also have a share; for the crassa-
mentum, when completely deprived of
it, does not exhibit the usual phenomena
of change on exposure to the air.
Again, we find that some animal fluids
are capable of supplying the place of
serum 1 this particular, Thus Priest-
ley observed that the crassamentum sus.
tains the usual changes from the air
when covered with milkt; and Dr,
Wells found the same to be the cae
with the albumen ovi§. The most pro-
bable view of the operation of these
fluids in facilitating the reciprocal ae-
tion of the red ;_J;Iuﬁule and the air, ap-
pears to be, that oxygen is absorbed by
the fluids, and whilst thus held in solu-
tion, it exerts its infHuence on the red
globule. Albumen, the prineipal ingre-
dient in all these fluids, is capable of
producing on the air the same changes
as blood; but its operation is much
more slow, to a smaﬁcr extent, and its
own composition is but little altered in
consequence.,

Supposing, then, that the red globule
is acted on by the oxygen of the air,
through the medium of the serum, it
remains for us to inquire, what is the
peeunliar change whil:l!l accompanies this
action.  On this point, however, our

* Fourcroy, Aun. de Chimie, xxviii.

Nitrogen Carbon. Acid. Hydrogen. Oryren.
t+ Arterial blood........ 16500 51920 FEHEE] 25716
Venous blood ........ 16720 2007 7763 23 404

t Pricstley on Alr, vel. i,

Foggendorf . 1832,
¢ Phil. Trans. 1797,
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uncertainty as to the precise constitu-
tion of the ved particles will not permit
us to entertain any decided opinion.
The change in colour in the red globule
may proceed either from a change in
the colouring matter itself, or from some
alteration in the central globule, caus..
ing it to reflect light more copiously,
which, transmitted through the red co-
louring matter, gives a crimson of a
brighter hue.  Although the first of
these has probably the greatest share in
producing this efiect, I think it likely
that the other may co-operate; for a
thin film of venous blood, when viewed
on a white surface, appears to be of the
same colour as arterial blood. The
change in the central globule capable of
answering this end, is the acquisition of
a degree of solidity and white opacity ;
and that this really occurs seems proba-
ble from the fact that arterial blood is
less transparent than venous.

Whilst the presence of oxygen in the
blood is enough to give it the arterial
hue, the true venous colour is produced
by the absence of oxygen, and the pre-
sence of carbonic acid. From some ex-
periments I have been led to conclude
that the venous blood from which car.

bonie acid has been abstracted is of a.

deep lake colour, and that the brownish
tint present in venous blood in its na-
I;urall state is to be attributed to the pre-
sence of this gas. Synthetic experi-
ments likewise confirm this notion.

[On the subjects of the fure%)uing pas-
sages some new facts have been pre-
sented in the work of Dr. Stevens # ; but
although these possess much practical
interest, they do not appear to me to
elucidate the theory of respiration further
than the views given above. We may
well devote a little attention to the ]cad}-
ing points brought forward by Dr. Ste-
vens, and to the views which he founds
upon them. I have stated it as well
known that the colouring matter of
the blood, when quite deprived of serum,
does not become florid as usual on ex-
posure to the air. Dr. Stevens finding
that various saline solutions, as muriates
of soda or potash, and carbonates of
soda and potash, nitrate of. potash, &e.
have the property of giving a most flo-
rid arterial colour to dark crassamen-
tam, coneludes that the usual change on
exposure to air depends more imme-
diately on the saline matter of the serum

* On the Blood, 18633,

than on the oxygen of the air. It has
been long known that acids have the
effect of darkening the eolour of the
blood; and Dr. Stevens aseribes the
dark colour of venous blood solely to
the carbonic acid which it contains, and
which counteracts the reddening pro-
perty of the salts of the serum.  He sup-
poses that the oxygen of the air produces
the reddening effect generally referred
to it, by drawing away this carbonie
acid by some unknown power of attrac-
tion, and thus restoring to the salts of
serum their wonted reddening property.
In illustration of these points he mixed
blood with Saratoga water (a saline mi-
neral water sl,r::-nglg}; charged with carbo-
nic acid) : the immediate effect was to
darken the blood ; but after a short ex-
posure to the air, it rendered it bright
and secarlet.

It will oceur, however, to those fami-
liar with the chemistry of this subjeet,
that Dr. Stevens’s conclusions, assum-
ing as they do the existence of an un-
known and novel power of attraction,
are by no means warranted by the facts
in question. T am not prepared to deny
that the saline matter of serum may be
concerned in giving brightness to the
colouring matter; but in the case of the
action of the air on the blood, this is by
no means proved to be the sole cause of
the change. Saline solutions of various
kinds will certainly redden dark blood
in a very remarkable manner; and this

uite independently of the contact of
?he air: but oxygen scems also to have
a similar effect, independently of its
l:nw::r of removing carbonic acid. We
now  that other gases can disengage
carbonic acid from venous blood ; yet
neither these nor the air-pump can give
to it the arterial hue. Agan, if free
carbonic acid alone caused the darkness
of venous blood, its operation should be
suspended, and the reddening power re-
stored to the salts of serum, by adding a
small quantity of a pure alkali, just
enough to neutralize it. I have many
times made this experiment with great
care, beginning with the smallest quan-
ties of liquor potassee, and trying it i
various proportions; but I have never
been able by this means at all to
brighten the colour of venous blood.
When the quantity of alkaline solutivn
exceeds a few drops, it gives the blood a
browner and duskier hue, which is ob-
viously from the free alkali effecting a
permanent change in the colouring mat-
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ter. If added in very small quantity
the alkali must become carbonated, and
should thus add to the reddening effect
of the salts of serum. But this redden-
ing effect does not ensue, and therefore
we cannot admit that the dark colour is
owing exclusively to free carbonic acid,
nor the red colour solely to the salts in
the serum.  Again, as I have stated
above, milk or white of egg may be sub-
stituted for serum, as a medinm through
which the air will exert its influence on
the crassamentum; yet the saline mat-
ter of these liquids is extremely scanty.
It is scarcely necessary to examine
here Dr. Stevens’s notion of an attrac-
tion subsisting between oxygen and
carhonic acid, for it is at variance with
the generally received opinions on the
subject, and it is by no means warrant-
ed by the facts which he has detailed.
That the attraction is not chemieal is
abvious from its not leading to union 3
if, on the other hand, it is mechanical,
it may be fairly referred to those pheno-
mena long since classed by ]Bulmn,
Graham, and others, as illustrating the
mechanical mixture of gases. Thus it
is found that different gases, which have
no chemical affinity, mix intimately by
virtue of their elasticity, which makes
particles of one gas repel each other,
expand, and penetrate freely between
the particles of another gas. This im-
portant law was mnot fully developed
when I wrote the original remarks given
above; but the elass of phenomena to
which I there compared the absorption
and disengagement of gas by the ]_'-]Imnn[I1

b - - * Ll
namely, the diffusion of gases through

hiquids, is comprehended under it. 'I'iﬁ.q,
I repeat, still appears to me to be the first
step in the action of air on the blood.
This fluid being in contact with air,
part of its carbonic acid penetrates and
diffuses itself through the body of air
im contact with it; whilst oxygen, the
most absorbable gas of the air, enters
and difluses itselfin like manner through
the blood. But no sooner has the oxy-
gen, by this mechanical property, pene-
trated this fluid, than it finds there the
chemical affinities of animal matter,
which hold it, and give space in the li-
quid of the serum for more gas to be ab-
sorbed, if the exposure continues.  The
attraction by which this interchange, or
displacement of gases (as 1 originally
called it), takes place, is as much on the
part of oxywoen to enter the blood, as of
carbonic acid to escape and diffuse itself

through the air: hence the term used
by Dr. Stevens, that the oxvgen attracts
the earbonic acid, is not exact.

The correspondence in bulk between
the carbonic acid gas evolved, and the
oxygen gas deficient in air to which
blood has been exposed, was formerly
considered an objection to this theory;
but T shewed that it was cousonant
with the phenomena of displacement of

ases in general,—the interchange un-

er similar eircumstances being bulk for
bulk. The most accurate researches do
not, however, give that exact corre-
spondence Wlli(.‘%!- is here noticed; and
considering that the condition of the
two gases in the blood does not appear
to be exactly similar, I think it more
probable that- the carbonic aecid dis-
engaged will be rather proportioned to
the quantity of oxygen which has been
absorbed to form it, than to that which
takes its place. This will still leave a
general Llluu_c_rh not & NEcessary corre-
spondence between the oxygen absorbed
and the carbonie acid given out; for as
the formation of the latter depends on
the former, the bulk of the carbonie
acid produced will bear a general pro-
portion to the capacity of tﬁu hlumf for
absorbing oxygen. These views, it is
to be ubscrvctf, are not essential parts of
the theory under review ; but, as an ex-
tension and forther application of it,
they indicate the bearings of the sub-
Jeet, and point out a road for further in-
vestigation.

It may be seen, in my origimal obser-
vations, that T suggested the possible
physical eauses capable of making the
change in the colouring matter which
presents itself to our view on the action
of air on the blood. T have lately been
making further researches on this and
other points connected with this sub-
Jeet, and have obtained some very strik-
mg and important results. These are
not sufficiently complete to be intro-
duced here, but T may state the follow-
ing observations, as verifying in a re-
markable manner some of my conjectures
before alluded to.

When a grain of common salt, or of
carbonate of soda, is dropped on a por-
tion of black ecrassamentum, it first
whitens the point of contact, but imme-
diately after the spot becomes of a florid
red.  When a portion of the same cras-
samentum is dropped into a solution of
salt, the margins and edges are seen o
turn white before the vermillion hue
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appears. This coagulum remained com-
pact in the solution, and on being
stirred, filled it with an opaque light
red cloud. The same sized clot in water
did not preserve its shape, but gave to
the water a deep red colour, withoutim-
pairing its transparency. It appears,
therefore, that the production of a white
opacity dees accompany the reddening
effect of saline matter on the colouring
matter.

The same change, watched through a
microscope, presents similar results in a
new and interesting form. A little dark
colouring matter, mixed with a drop of
water, was brought into contact with a
crrain of salt ; currents of liquid were im-
mediately seen running to and from the
salt, and in them appeared myriads of
minute globules, w]lm:h were not dis-
cernible before, considerably smaller
than the ordinary particles of the blood.
The assemblages of these particles pre-
sented to the naked eye the vermiliion
hue, accompanied by opacity, which
characterizes florid blood; and it was
obvious that the lightness of colour was
caused by these f{reely refleeting light
through the colouring matter, When a
mixture of recent colouring matter with
serum is examined, the effect is not so
obvious, because the particles are, inde-

endently of the salt, so numerous, that
it is difficult to perceive whether they
increase much or not on the addition of
the salt; but this always renders them
more distinet, and in a remarkable de-
gree augments their mobility and ap-
arent solidity. Thus, in a drop of
Ehmd‘v serum, where the particles are
indistinet, and from the little difference in
their refractive power are scarcely to
be discerned from the fluid, the addition
of a drop of saline solution renders them
conspicuous, defined, and presenting all
those optical effects that distinet solid
peliucid bodies, suspended in a fluid,
produce. In this state, each particle,
viewed by reflected light, is a minute
convex mirror, giving its ray; and an
assemblage of these, shining through a
thin film of red hematine, give the
bright vermillion tint which is seen in
florid or arterial blood. By transmitted
light the assemblage of particles is more
or less opague, in consequence of their
refractive and dispersive power.  As far
as [ have been able to determine, the
new smaller particles before named are
minitte sphernles, presenting some va-
riety as to size, and resemble those that

are scen in serum: they are probably
like the central colourless glu';)u]ﬁ be-
fore described, and of the same cha-
racter as the small globules in lymph
and chyle *.

The effects, then, of saline matter on
the blood, are to give density and sta-
bility to the distinet organic particles
suspended in it, and to counteract that
wocess of dissolution to which these
particles tend in water, in acids, and in
the course of time in the serum itself;
and it is on these effects that the red-
dening property of saline matter de-
pends. Connected with the same quali-
ties, no doubt, isthat which enables salt
to preserve meat ; and it becomes an in-
teresting inquiry, what share these pro-
perties may have in the physiological
effects of various salts on the different
functions.

I have before stated reasons for ad-
hering to the opinion that oxygen as
well as saline matter is immediately
concerned in producing the florid eolour
of arterial blood ; and although I can-
not here enter into particulars, I may
add that my examinations lead me to
conclude that it does this in the same
mode which I have deseribed with re-
gard to saline matter—namely, by in.
creasing the density and distinctness of
the suspended wlite particles, which
makes them reflect light more copiously
through the colouring matter.

The above full consideration of the
relations of the blood and the air out of
the body, will enable us much more
readily to understand the chemical func-
tion of respiration, in which these rela-
tions are brought most effectually to
bear on each other in the body. These
points we shall next mnsidcrj

Berore we can apply the theory of
oxygenation of the blood to respiration,
it will be necessary to determine the im-
portant question, whether an action can
take place between the blood and the
air through the interposed tunics of the
pulmonary vessels.

Before Mr. Ellis published his ex-
periments on this point, the facts men-
tionedd by Priestley, John Hunter, and
Goodwyn, were generally considered
sufficient to answer this question in the
affirmative.  Priestley observed, that
when a bladder containing venous

* Muller; Poggendorf Ann. xxv.
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blood is placed in contact with oxygen
gas, the blood assumes an arterial hue ¥,
J. Hunter confirmed this statement, by
proving that the blood is similarly
changed in colour when separated from
the air by gold-beater’s skint. Good-
wyn observed the same change to take
place, but less distinetly, when a stream
of oxygen gas was directed on the
jugular vein of a living rabbit{. Mr.
Ellis, prosecuting this inquiry, found
that the change in the colour of the
Llood is attended likewise by a change
in the composition of the air§. T must
remark, however, that his experiment,
aithough it proves that oxygen disap-
pears, and lLat some carbonie acid 1s
evolved, does not warrant the conclusions
which he has drawn from it. The ex-
Iwrimcnt was this : —A bladder, contain-
g black blood, was suspended in a jar
of ntumrﬂjher'iu air stumlli:;g over mer-
cury, and having a small cup of solution
of potass under it. In four days the
whole of the oxygenous portion of the
air bad disappeared, and the mercury
had risen to supply its place: hence he
iferred * that all the oxygen gas that
disappeared was converted into carbonie
acid; and consequently,” says he, ©“ we
deny that any oxygen penetrated into
the bladder, in order to combine with
the blood|.” In the first inference,
Mr. Ellis assumes that the alkaline so-
lution had absorbed all the air which
had disappeared. The air had dimi-
nished, but it was not proved that this
diminution was not caused by the ab-
sorption and condensation of some of its
oxygen by the blood. But even grant-
g that the deficiency of air at the end
of the experiment was solely attributa-
ble to the absorption of carbonic acid b
the alkali, it appears no more pruhah]{;
that this carbonic acid was then formed
by the union of its elements, than that
it was displaced, according to our
theory, by the oxygen of the air pene-
trating the membrane of the bladder.
Mpr. Ellis next labours to prove that
the air in these experiments derived no
f::—ndi:rahl_ﬂ matter from the blood ;3 but
1EFC agaln his arguments are incon-
clusive.  Finding that bladders filled
with water, and placed in jars contain-

* (n Alr, vol. iif.

t On the Blood, &c.

¥ Connexlon of Life with Respiration,
¥ Further Inguiry, &c., chap. 4.

I Op. clL, p. 03,

ing atmospheric air, were capable of
converting the oxygen into carbonic
acid, he concludes 1t was the bladder,
and not the blood, that acted on the air
in the preceding experiments. Toprove
this, he ought at least to have shewn
that the effect was produced in the
one case as rapidly as in the other,
which he bas not done.

Such being the doubtful state in which
I found the subject, I have thought that
it required a more rigid experimental
exampation than it had yet undergone.
With a view to determine whether a re-
ciprocal action can take place between
the blood and air through an interven-
ing membrane, I performed the follow-
ing experiments :—

Therm. 6295 Barom. 29 inches. 580
grains of {resh venous blood were intro-
duced into a rabbit’s bladder weighing
exactly three grains; the neck being
well tied, the bladder was then sus-
pended in a receiver containing 100
cubic inches of atmospheric air, stand-
ing over mercury, and was Lept in that
situation two days. The air did not
urpe&r to have undergone any sensible
change of bulk,but a eonsiderable quan-
tity of moisture had been deposited on
the sides of the jar, and a few drops of
serum had exuded through the I_:]ucllder.
(Temperature being the same, barom.
2015 inches): One cubie inch of this air
was found to eontain *065 earbonic acid
gas. Deducting the ‘005 which atmo-
spheric air usually contains, we may
calculate the quantity formed in the ex-
periment thus: -065—-005 + 100=6
cubic inches. Now 6 cubic inches of ear-
bonic acid gas at this tennrm-;mtru and
pressure contain very nearly 0°79 of a
grain of carbon®; therefore the 100 cubie
mches of atmospherie air had acquired
079 of a grain of carbou. The bladder,
after hcini{ carefully washed and dried,
was found to weigh 2:75 grains, having
lost only § of a grain.  Here we find,
then, that more than three times the
qluautil:y of carbonic acid was formed
than could be accounted for by the loss
of weight in the bladder.

The experiment was repeated with
1200 graing of venous blood in a rab-
bit's Bladder, weighing 55 grains, and
100 cubic inches of atmospheric air.
After two days, analysis showed that

m; Thomson's System of Chemistry, vol. i. pe
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the air had acquired 075 carbonic acid
gas, which in 100 eubie inches contains
U875 of a grain of carbon. The blad-
der, washed and dried, weighed 51
grains ; therefore, at least 5875 of a
rain of carbon must fave been derived
ﬁ'om the blood having in some form
pervaded the bladder. :
Counsidering it, then, established, that
the intervention of a dead membrane at
least does not impede the action of the
air on the blood, we are next to inquire
whether there be suflicient reason to
attribute an opposite property to the
same structure when endowed with life.
The permeability of living animal mem-
branes to liquids, may be considered as
decisively established by the numerous
experiments of modern physiologists,

Etrtiﬂular] Marcet and Wollaston ¥,
sverard Home +, Magendie}, Fodera §,

and Segalas. It is likewise proved by
the constant perspiration which takes
place through the cuticle, in which the
most powerful microscopes have failed
to discover pores. Now the fact being
l:-mw:{l that ]Iiviug' as well as dead mem-
pranes admit the transudation of liguids,
we must also conelude that there can be
nothing peculiar in a living structure
which could prevent gaseous bodies
from pervading them as easily as dead
structures. We may consider the ex-
periment of Goodwyn, before deseribed,
as furnishing a direct proof of the fact
which we are endeavouring to esta-
blish ; and if this has shewn that an ac-
tion was to any extent exerted between
the blood and the air through the com-
paratively thick coats of the jugular
vein, we eannot have the least difficulty
in conceiving the same to proceed with-
out any impediment through the coats of
the pulmonary vessels, which are of
an extreme minuteness.  Besides this
tf:'uuitly of the tunics of the vessels and
bronchial cells, I must not omit to notice
another circumstance which may g‘muﬂ

fucilitate the reciprocal action of the air
and blood in the IIungs. The bronchial
cells are lined with a membrane which
is constantly covered with the peculiar
animal Hui{f called mucus.  This liguid
possesses  a remarkable property (o

* Fhil. Trans. 1811.

+ Ibid.

1 Journ. de Fhysiologie, t.i.

§ IELl Jan. 1823, —T0 these may now be added
the remarkable researches of Dutrochet, * Sur
I'Endosmose et 'Exosmose."

Tits pervasion.

which we have before adverted) of ab-
sorbing oxygen, and yielding it again
to other substances. Now 1t appears
highly probable that an important office
of this secretion on the |::-u‘tnnrn|:1r;,F sur-
face is to form a medium through which
the oxygen of the air is transferred to
the blood, thereby greatly facilitating
The changes in the com-
position of the air of cavities lined by
serous and mucous membranes, recently
examined by Dr. J. Davy *, contirms
these opinions; for they are plainly re-
ferable to a similar canse. In Priest-
ley’s experiments, as well as in my own
Just deseribed, the office which on the
pulmonary surface is performed by mu-
cus, was to a certain degree supplied by
the serum of the blood which transuded
through the bladder.

If I have succeeded in removing all
objections to the opinion that oxygen is
absorbed by the blood through the coats
of the pulmonary vessels, I cannot per-
ceive the difficulty that has oceurred to
some, in supposing also that earbonie
acid is simultaneously evolved. If, in-
deed, we were advocating the opinion of
Dr. Murray, and some others, that the
oxygen of the air enters the blood, com-
bines with some of its carbon, and there-
upon makes its exit in the form of car-
bonie acid gas, then would our view
assume an anomalous operation, of
which (as Mr. Ellis observes) the science
of chemistry does not furnish a parallel
c:-:amrle. But if we admit the princi-
ple which T have advanced, that oxygen
displaces an equal bulk of carbonic acid
from the b]nuﬁ, then we view the case
as a common example of chemieal de-
composition [or mechanical displace-
ment], affording ample explanation of
all the phenomena.

[No part of these observations has
been so amply confirmed by researches
subsequently published, as these, in
which I have endeavoured to establish
the permeability of amimal membranes
to gases. In fact, this gaseous perva-
sion, which T had here proved to take
Mace with regard to the cases bearing
inmediately on this subject, has been
shewn by Dr. Mitchell, of Philadelphia,
to be the result of a general and impor-
tant power of !wnctrzltinu, which l?uth
gases and liquids possess towards solids,

+ Phil. Trans, 1823,
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and towards themselves, and which
seems to depend on some of the sim-
plest and most essential properties of
matter.

Dr. Priestley had long since found
that hydrogen gas confined in bladders
acquired tﬁ: I!:m_[:-erl‘}'ﬁf detonating,
from atmospheric air penetrating
through the bladder, and that in the
course of time all the hydrogen would
escape in the same manner. Mr.
Gra{:am noticed a similar phenomenon
with coal gas and carbonic acid ¥ ; and
it appears that Dr. Stevens had also
found that carbonie acid was capable of
passing through a membrane, so as to
mix with air on the other side4. But
itis to Dr. Mitchell that we owe the
knowledge of the general law to which
these examples may be referred, and the
consequent removal of their apparent
anomaly f.

The diffusion, or spontaneous inter.
mixture, of two gases in contact, is
shewn by Mr. Graﬁam, of Glasgow, to
be effected by an interchange in posi.
tion of indefinitely small volumes of
the gases, which volumes are not neces-
sarily of the same magnitude, being, in
the case of each gas, inversely propor-
tional to the square root of the density
of that gas§. But the transmission of
gases through membranes is a more
complex phenomenon, baving reference
not only to the law just stated, but also
to the weight and elasticity of each gas,
and in case of wet membranes to the
affinity of the moistening liquid for the
gas. Thus,although the diffusive power
of carbonie acid gas is lower than that
of oxygen, its weight is greater and its
elasticity less, as is shewn in the power
of ensbesmia-aeit to condense it : hence
it more readily passes into the pores of
a membrane ; and if this membrane be
moist, the absorption will be still fur-
ther promoted by the aflinity of water.
When, however, the gas in the pores
comes in contact with another gas on

* Mr. Graham referred the phenomenon Lo Lhe
absorption of carhonic acid gas by water in the
capillary canals of the membrane, and its zubse-
guent diffusion on the other side. This, although
not the whole explanation, certainly approaches
to ikt; for the principle of penetrativeness, as well
ag of endosmos=e and exosmosze, s more closely
allied with capillary attraction than Dr. Mitchell
or Dutrochet seem to admit.

+ On the Blood, p. 9.

$ Philadelphia Journ. of Medical Sciences, xlil.;
also Journal of the Royal Institution, Aug. and
Dec, 18il.

§ Trans. Royal Soc. Edin. 1831.

the other side of the membrane, none of
these powers will be sufficient to coun-
tervail its tendency to diffuse itself ae-
cording to the law given above; and
the result will be a constant and speed
passage of earbonic acid gas throug
the membrane, until there is an equal
proportion of it on either side. In this
way, I conceive, is explained the more
ready transmission of carbonie acid than
of oxygen, and of the latter than of ni-
trogen ; and thus is superseded the ano-
nmﬁ:ous supposition of Dr. Stevens, that
oxygen has a specific power of drawing
carbonie acid to it.

The force with which gases pass
through membranes is very great,
amounting to a pressure of several at-
mospheres.  This is signally shewn
where the rate of transmission is une-
qual,as in the cases just noticed. Thus,
if a bladder, or thin caoutchoue bag,
full of oxygen or hydrogen, and firrn?_v
tied, be placed in carbonie acid gas, the
latter willI pass into the bladder so much
faster than the oxygen can pass out,
that the membrane will soon become
distended, and will eventually burst. If
the experiment is reversed, the carbonie
acid being within, the bladder will
spc-:-ﬂilsf become flaceid, and lose the
bulk of its contents. These phenomena
are most remarkable with recent animal
membranes; and if tried on a living
membrane, the transition is very rapid®.

Since Dr. Mitchell made known the
general fact of the penetrativeness of
flaids, he and several other writers have
adverted to its applicability to the phe-
nomena of respiration ; but no one has
vet accurately examined what share it
lias in the process and changes depen-
dent on this furetion.  Dr. Mitehell
himself has, indeed, taken a view of the
change very similar to that of Dr. Mur-
ray, noticed above; that oxygen pene-
trates the membranes of the pulmonary
vessels, unites with some carbon of the
blood, and again immediately pervades
the membrane as carbonic acid gas.
But this is not only inconsistent with
the rapidity of the process, and several
collateral circumstances, but is signally
opposed by the fact, established by Con-
tanceau, Edwards, and others, that aui-
mals breathing hydrogen or nitrogen
continue to throw out carbonie from

* Mitchell, Journ. of Royal Institution, No.
p. 108,
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their lungs, sometimes to an extent ex-
ceeding the bulk of the whole animal.
A simiﬁw fact is observed with blood out
of the body. Again, Dr. Stevens’s view,
besides that it involves the hypothesis
of a new attraction, before objected to,
does not account for the absorption of
oxygen, which is assumed, without any
adequate explanation, to succeed to the
removal of the carbonie acid.

I have already given an account of
the displacement of carbonic acid from
the blood by oxygen out of the body.
It is not certain whether the oxygen
enters, or the carbonic acid escapes,
first ; but the former is the more proba-
ble case, as it accords with the fact that
blood will yield carbonic acid only on
exposure to another gas. The mem-
brane of the air-cells here acts an im-
portant part ; it absorbs oxygen into its
pores, and this absorption is promoted by
the albuminous fluid which moistens it.
Then we may bring to bear an impor-
tant law estnir{]ishﬂd by Dr. Mitchell :—
“1If on the opposite side there exist a
substance or power capable of occupy-
“ing or removing a gas as fast as, or faster
than the membrane delivers it, the ac-
tual rate of transmission will be as high
as is possible®” Now from various
analogies we have been led to assign to
the blood such a power of “ occupying”
the oxygen ; amP thus the transfer of
this element to the blood will be faeili-
tated so as to equal the passage of car-
bonic acid outwards, which we have
seen to be so easy and speedy a process
even on the coarse scale of experiments
with bladders. T have already glimpsed
at the principle here developed, in the
use which, in the original observations,
I had assigned to the mucus of the
bronchial membrane ; and I siill consi-
der this to have its share in the process
of transfer of oxygen from the air to the
blood. For this process, as well as for
the exosmose, or passage outwards of
carbonie acid, the air in the bronchial
cells must have a certain degree of pu-
rity ; for the passage in both ways will
be proportioned to the quantity of oxy-

en, and the absence of carbonie acid
in the air tubes and cells. The size
and form of these, capable of holding a
much greater bulk of air than the ves-
sels which ramify on them do of blood,
are eminently mf;plcﬂ to bring a suffi-

* LDﬂ+ ':i"., Fl ilﬁl
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cient volume of pure air in free relation
with the moving blood.]

The instantaneous character of the
wocess of arterialization, so clearly il-
ustrated in the experiments of Bichat,
accords well with this theory, which
supposes the action of the air to he ex-
erted directly through the pulmonary
membranes *. It wonld appear that the
oxygen absorbed in the Etlllg‘ﬂ during
respiration becomes diffused through
the blood of the adjoining vessels to a
certain extent after the heart’s action
has ceased, which may explain the fact
deseribed by Le Gallois (of the redden-
ing of the bloed by artificial respiration
as far as the carotids); and on this pro-
bably the resuseitation from asphyxia
by insufflation of the lungs partly de-
pends.

The experiments of Nysten on the
injection of different gases into the
veins of living animals, in a remarkable
manner corroborate this theory, Oxy-
gen gas was gradually injected, in large
%umuitics, without any injury resulting.

arbonic acid gas, when injected, was
also absorbed ; but when in considera-
ble quantity, it produced symptoms of
asphyxia. Many other facts in accor-
dance with this view may be found in
M. Nysten’s work 1.

With respect to the relations of azote
in respiration, experiments have proved
so various, that I have found it 1mpos-
sible to arrive at conclusions in any re-
spect approaching to certainty. Some
say it is exhaled ; others that it is ab.
sorbed ; others, azain, that it suffers no
change ; and all that can be asserted is,
that if nitrogen be absorbed or exhaled
daring respiration, it must be to an ex-
tent very small in eomparison with the
other changes. [This neutral character
of azote accords well with its remarka-
ble inertness with regard to the penetra-
tion of membranes, for it is more slug-
rish in this respeet than any other gas.
Tt has also few chemical relations 5 and
probably its absorption may sometimes be
the result rather of aceident affecting its
mechanical penetrativeness, than of an ¥
essential relation to the function of respi-
ration. The results of the experiments of
Edwards are, however, too regular to be
viewed in this light; and they seem to

# Recherches, &e. yeferred toat p. 13.
t+ Recherches de Physiologie et de Chimie Pa-
thologigues, 1811.
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establish, that seasons especially influ-
ence the relations of nitrogen to respira-
tion, there being always an exhalation
of this gas in the summer, and an ab-
sorption in the winter. I do not consi-
der that those experiments in which
animals are made to breathe pure oxy-
gen, or oxygen and hydrogen, are at all
conclusive as to the proportion of azote
that may be exhaled ; for under these cir-
cumstances the increase of this element
may in great measure be the result
of a mechanical displacement from the
various tissues, ﬂuit[‘s, and cavities of
the body, which are all more or less pe-
netrable, and capable of receiving cer-
tain portions of the air which is breathed.
This objection will especially apply to
experiments with birds in the gases just
named ; for their plumage must neces-
sarily contain a considerable quantit
of common air, more or less cundens&ﬂf;
according to its pnmsiLIiy.

An opinion recently advanced by
Gmelin and Tiedemann requires notice
here. They believe that arterial blood
contains a free acid, and that this is the
cause of the evolution of carbonic acid
in the lungs. They counld not, by means
of the air-pump, extricate any carbonie
acid from recent blood, but did so with-
out difficulty on adding a little vinegar
to the blood. They thus disengaged
from venous blood more of this gas by
a third than from arterial. Tempted by
this fact into the conjecture that expo-
sure to air, or oxygen, causes the forma-
tion of a little acetie acid, which throws
off the carbonic acid, they tried to de-
tect this acetic acid in the blood ; and at
last, by a variety of agents, they did
suceeed in  evolving something that
smelt like it*. 1 am by no means dis-
posed to deny that acetic acid may be
occasionally present in the blood.  Its
formation is one of the general steps to-
warids decomposition, or simplification,
to which most complex animal and ve-
B‘l’:t&hh: fluids naturally tend ; but that
it is a necessary result of the oxygena-
tion of the blood, seems to me inconsis-
tent with its extreme puut:il}f in arterial
blood, if it be really present there at all ;
and that the evolution of carbonic acid
is necessarily dependent on its formation
is disproved by the fact that hydrogen
and nitrogen gilns.cs, which can in no
way promote the formation of acetie

k& Poggendorf Ann, xxxi.

acid, ean disengage carbonie aeid gas
from venous blood.

It may appear that in the foregoing
explanation of the changes of the blood
from respiration, T have dwelt too ex-
clusively on chemical and physical laws,
and have paid too little regard to the
life of the parts in which these changes
take place. T readily admit that influ-
ences peculiarly vital may be exercised
on all funetions, however chemieal the
may be; but when we see that chemi-
cal ch:j,ug'l_"s of the blood and the uir,
similar to those of arterialization, may
be effected out of the body, beyond the
influence of vitality, and that the same
changes may be Kept up by artificially
Stt|lp{:$'il‘lg‘ air in animals whose various
functions of secretion, and in some cases
whose heart’s action, have been paralysed
by poisons or by injuries to the nervous
system, we must view these changes as
essentially a physico-chemical process.
For these reasons I do not admit the
view of some modern physiologists, who
ascribe these changes to vital exhalation
and absorption. ,I-‘u a subsequent part
of this essay I shall endeavour to shew
where the vital powers may influence
the products of respiration, by operating
through other functions on the compo-
sition of the blood.]

3. Tuthe course of the circulation, the
oxygen thus absorbed gradually attracts
carbon from the proximate principles
of the blood, and, wniting with i,
evolves heat ; whilst, by this formation
of carbonic acid, arterial is converted
into venous blood.

In this division we find an explana-
tion of the changes which especially
constitute the conversion of arterial into
venous blood in the living system. The
data by which we judge of this process
are much less certain than those which
we possess relating to the function of
artertalization. By reasoning on the
supposed differences between arterial
and venous blood, we may get an ab-
stract view of the most important fea-
ture of the change; and hoping to be
able to elucidate the minuter points by
a comparative examination of other
functions hereafter, I shall at present
confine myself to this general view.

The oxygen absorbed by the blood in
the lungs becomes combined with ear-
bon in the course of the greater circu-
lation, but particularly in the capillary

1]
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vessels. Tt is by no means necessary to
auppnsc that this carbon is supplied in
a free state, as some have imagined. It
may be derived directly from the decom-
position of some of the proximate consti-
tuents of the blood ; to effect which,
two chemical affinities would assist—
one between the oxygen and a portion
of the carbom of ome of the animal
Erilmiplns of the DLlood, and the other

etween the remaining constituents of
this principle to form a new one, con-
taining a smaller proportion of carbon.
The union of the oxygen and carbon is
thus favoured by every circumstance:
they are exposed to each other's action
in proximate contact, with no influence,
mechanical or chemical, to prevent their
union.

We have before noticed that arterial
blood, or that oxygenated by exposure
to air, will, if excluded from external
influence, in time again become dark.
This fact illustrates the natural process,
and may be explained in like manner.
The oxygen in union with the red par-
ticles gradually acts on their ultimate
composition, by entering into direct
union with a part of their carbon. This
change, the substitution of carbonic acid
for oxygen, darkens the blood. This
phenomenon, which we found inexpli-
cable by the former theory, appears here
in accordance with the laws wLiﬂh regiu-
late the affinities of complex matter.
Some part of the blood (we have sup-
posed the red globule, perhaps the cen-
tral globule only) sustains a change of
composition from this process. Without
speculating here on the exact nature of
this change, I shall merely observe that
the conversion of fibrine into albumen,
or, if we consider these principles as the
same, the variation which is found to
exist in its constitution, would easily
supply carbon to be united to the
oxygen.

am aware of only ene objection that
bas been raised against this view of the
conversion of arterial into venous blood.
1t has been asserted, on the authority of
a single experiment of Priestley, that
arterial blood which has absorbed car-
bonie acid, and has been darkened there-
by, does not again become Aorid on ex-
posure to oxygen : hence it is concluded
that venous blood does not owe its cha-
yacters to its containing carbonic acid.
[An argument to prove that if the ex-
periment were exact, this inference is

not logical, 1 omit, because it is unne-
cessary.] Although the result of this
experiment would not disprove the ex-
planation just given, it may be consi-
dered as rvendering it doubtful ; and 1
was therefore induced to repeat the ex-
periment. When arterial blood, or blood
reddened by exposure to the air, is
placed in contact with carbonic acid
oas, it S00N assumes a dark huoe (which
differs from that of venous blood only
in being somewhat browner), whilst a
portion of gas is absorbed. T have uni-
formly found (and my trials have been
so numerous that I can state their re-
sults with confidence) that blood thus
darkened, on exposure to oxygen gas or
atmospheric air, becomes scarcely less
florid than before its exposure to the
carbonie acid. I say searcely, because
a slight tinge of brown sometimes re-
mains, probably caused by the retention
of a portion of the acid gas. The ex-
periment is so simple and easy, that I
feel no hesitation i stating its result,
although at variance with the authority
of Priestley.

GThis part of the subject cannot be
fully developed until the various changes
which the blood sustains in the greater
cireulation shall have been considered,
The imitation which we have out of the
body, of the process of venosation of
the blood, by leaving arterial or oxy-
genated blood to act upon itself, is well
worthy of notice. It is true that this
is a slow process, in comparison with
ihat of the cireulation ; butit illustrates
well the tendency which all complex
organic fluids have to change into sim-
pler and more permancnt compounds.
The change out of the body is promoted
by a moderate heat; and in the body of
living animals, Sir Astley Cooper found
that it could be retarded by severe cold,
the blood remaining florid throughout
the system afier the death of the ani-
mal ¥. This change in the living body
is, as I have before said, much under
the influence of the vital powers in the
various organs through which the circu-
lation carries it; but as we have it imi-
tated by chemical affinity out of the
body, it becomes a fair subject of che-
mical inquiry how these several fune-
tions may act to promote it. This we
shall proceed next to consider.

* Dr. Hodgkin’s notes to the Translation of
Edwards on Physical Agents, &c.
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On the Changes produced in the Blood
by the processes of Assimilation and
Secretion.

[Berore entering on this subjeet, 1
think it necessary to say a few words on
the mode of inquiry which Thave adopted
in examining 1it. Taking the blood as
a whole, we find that various matters
are added to it, and separated from it in
different parts of the system ; and that
no one of these matters resembles, in
composition, the blood itself. The mat-
ter separated from the blood in the
lungs we have seen to be very simple
in character, being, chiefly at least,
carbonie acid ;3 and as about an f.'.l]ui-
valent of oxygen is at the same time
absorbed, the only ultimate change is in
the loss of earbom. The simplicity of
the fact, that the blood loses carbon by
respiration, has occasioned the question
among chemists, whenee is this carbon
supplied ? But I shall have oceasion
to shew that there is no more reason
for this question, than for asking whence
are the materials of other secretions or
]nucf:ssua derived. These, although
ess simple than the product of respira-
tion, differ yet materially from the
blood ; and taken separately, we must
perceive thateach ought equally to have
a source of SlI[}pl{]}', without altering the
mass of the blood itself, which we know
must retain a certain identity of quali-
tative composition, in order to fit 1t for
its various offices. And here we shall
find that nature will answer the above
inquiries, by displaying one of those
comprehensive and  harmonious rela-
tions that unite and simplify her appa-
rently complex operations. A partial
inquirer into the weonomy of the ani-
mal system can never attain to these
truths: there must be a comprehensive
study of all the functions, hl"flnrﬂ the re-
lations of each can be truly or fully
understood.

The following view of the relation
of the several functions to the mass of
blood ean only be approximative, inas-
much as the information which we have
of the composition of the various animal
matters is not in all eases certain or
constantly applicable ; but we shall
find enough to goide us to more posi.

tive conelusions than have been hitherto
attained. ]

O the f—'ﬁﬂny&'.? produced on the Blood
by the Assimilation of the f_'.’.ﬁ;iﬂe-.

The addition of the chyle to the blood

7

necessarily alters the composition of the
latter fluid 5 but as it is soon assimilated
to it, it becomes a question what effect
this change has on am proportion of the
ultimate constituents of the blood. I
cannuot enter into the question respect-
ing the particular seat of the process of
sanguification ; for what we know on
the subject does not lead to any posi-
tive conclusions. The most probable
hypothesis that can be formed at pre-
sent must regard this funetion as not
confined to one or two organs, but to be
the result of the combined action of
many. The chief feature of sanguifica-
tion is the formation of the colouring
matter which is to envelope the white
globules found in the chyle. The
seat of this process, and the precise
sources from which materials are de-
rived, are yet wholly unknown ; for
although several conjectures have been
made in relation to them. the vague
and inconclusive nature of the argn-
ments adduced in their support, suf-
ficiently point out the perplexity of the
subject. [The coagulum of chyle as-
sumes a punk colour on exposure to the
airy and this has been supposed to be
caused by hmmatine in an incipient
state.  But Tiedemann and Gmelin
state that this colour is not seen in the
chyle of the lacteals before it has passed
throngh the mesenteric glands ; and
they suppose, therefore, that the colour
is derived from the blood. Neither the
opinion nor the objection to it is con-
crusivc.:%

Equally vague is the hypothesis ad-
vanced by the late Dr. Murray and
Dr. Thomson respecting the general
nature of the change in the composi-
tion of the blood from the assimilation
of the chyle to it.  These authors have
endeavoured to explain how earbon is
continually furnished for exeretion by
the lungs, as follows:—Holding the
chyle to he less completely animalized
than the blood, and that it 1n some mea-
sure partakes of a vegetable nature,
they suppose that vegetable substances,
from their having no azote, must neces-
sarily contain a larger proportion of
carbon than animal matters; whence
they infer that the conversion of chyle
into blood must be attended with the
removal of this exeess of carbon. This
reasoning is really so loose and unsatis-
factory, that it cannot surprise us that
the theory is altogether ervoneous. Ana-
Iysis has shewn, it is true, that the
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chyle of herbivorous amimals in some
measure does partake of a vegetable
character ;: but if the same obtains in
omnivorous species, it can scarccl]y be
applied to those which live entirely on
ammal food. The first position, there-
fore, on which this h ﬂml.[lmﬁis rests, has
not been proved to be true, and pro-
bably does apply to only a limited part
of the animn{)l:rca.liou. The next posi-
tion, that animal matters contain less
carbon than vegetable, is assumed on
hypothetical grounds, and in the gene-
rality of instances is not true, for the
quantity of oxygen is so much greater
in the ])zl.tter t])nm in the former, as to
supply the whole deficiency of azote;
so that many vegetable substances, as
sugar, gun, starch, &e., actually con-
tain less carbon than albumen and
fibrine. As the reasoning thus proves
to be defective, so, if we resort to ana-
lysis, a much surer criterion, we shall
ﬁ}ml the conclusions in this particular
instance contrary to fact.

‘The ehyle is a fluid, holding colour-
less globules in suspension, and coagu-
lates in the same manner as the blood.
The coagulum appears, from the experi-
ments of Vauquelin *, to be a variety of
albumen or fibrine. The serum con-
tains albumen in solution, and the same
neutral salts that are found in the blood.
Tn these respects, therefore, chyle does
not differ from the blood ; and no change
will be required in these constituents.
The chief peculiarity of ehyle isa quan-
tity of saccharine matter, {ili.c sugar of
milk, which it holds in solutionf. Now,
as this is not found in the blood, the
conversion of this sugar into albumen
and fibrine, the animal principles of the
blood, must constitute the most im-
portant change in the assimilation of
chyle. To ascertain the effect of this
change on the proportions of the ulti-
mate elements of the blood, we need
only compare the composition of the
saceharine matter with that of albumen
and fibrine. Taking the amalysis of
sugar of milk as representing that of
the saccharine matter in question
(omitting fractions), 53 oxygen, 40 car-
bon, and 7 hydrogen, are its propor-
tions, as found by Berzeliusi. The
composition of the animal prillui{;]ﬂﬁ of
the blood will be represented by the

* Aun. de Chimie, Ixxxi.
# Brande, Phil. Trans. 1812,
+ Annals of Phil. vol. v,

mean numbers of albumen and fibrine
and following the analysis of Gay-
Lussac and Thenard*, we obtain Lﬂ’e
following numbers, as nearly represent-
ing these aggregate proportions: 21
oxygen, 53 carbon, 7 hydrogen, and 19
azote. Hence it appears, that in order
to convert the sugar of chyle into the
Erinciplcs of the ﬁuud, 32 oxygen must

e abstracted, and 13 carbon and 19
azote must be added in the hundred
parts. According to this statement, the
assimilation of chyle, instead of proving
a source of carbon in the system, actually
causes a demand for this principle :
therefore Dr. Murray’s hypothesis must
fall to the ground.

The comparative view which I have
just given conveys some idea of the
nature of the change efifected in the
composition of the blood by the fune-
tion in question. The abstraction of
oxygen, and the addition of carbon,
may easily be effected by other functions
of the living system; but whence the
azote is derived, particularly in herbi-
vorous animals,is yet entirely unknown,
and will probably remain a mystery un-
til the real nature of its composition
shall be revealed.

[Our knowledge on the subject of
the chyle and its assimilation 1s still
scanty and unsatisfactory. There have
been but few analyses of it; whereas,
from its probable variability, many
would be required to give us accurate
notions of its general composition. Dr.
Prout eonsiders the animal principle to
be chiefly a modification of albumen,
which is scarcely coagulable by heat,
and which he therefore calls ineipient
albumen. I have formerly noticed that
the white of an egg just laid will not
coagulate so firmly by heat as after it
has absorbed oxygen ; probably a simi-
lar reason may be given for the imper-
fect coagulation of chyle. Mr. Brande
thinks the albuminous matter of chyle
rather to resemble the curd of milk, or
caseum ; a substance which the re-
searches of Bracconot have made par-
ticularly interesting. ‘The proportion
of sugzar of milk found by Dr. Prout in
the chyle of a dog fed on vegetable
food, appears to have been but trifling,
and scarcely to warrant the numerieal
caleulation which I have given above.
Berzelins deseribes a fatty matter as a
constant ingredient of chyle, especially

* Recherches Physico-Chim. t. i1,
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in that obtained during the digestion of
food ; but he does not state its propor-
tion. If it exceeds in quantity that
found in the blood, it ma{ prove a
source of carbon, for animal oils con-
tain from 20 to 30 per cent. more carbon
than albumen does. Berzelins sup-
poses the white colour of chyle to de-
pend, as in the case of milk, on the oil
mn suspension, and Raspail seems to
hold the same opinion; but authors
have generally aseribed the white opa-
city to the organic globules which re-
semble the central globules of the
blowd.

The source from which vegetable nu-
triment becomes azotized in the body,
iz less a matter of mystery now that it
is well ascertained that azote is ocea-
sionally absorbed in respiration; but
we can go no further at present than
state this as its possible source.]

Oun the Changes produced in the Blood

by the processes of Secretion.

I now proceed to inguire into the
changes produced by the several seere-
tions; a subject which, notwithstand-
ing its obvious importance, has scarcely
received any attention, and, conse-
quently, on which T have been unable
to derive satisfactory information from
the writings of others. The mode of
inquiry which I have applied to deter-
mine the changes in the blood from the
assimilation of chyle, is so simple, and
comparatively so srm: from fallacy, that
I shall not hesitate to adopt it on the
present subject. It would be incom-

Elements. In the HBlood.
Carbon  ..ouius s 90
Hydrogen ..covime 7
OXygen saussssnsas 21
N e e

We are thus led to an important con-
clusion respecting the relations of the
urinary excretion in the animal economy.
From the large proportion of azote
which urea contains, exceeding that in
the constituents of the blood to the
amount of 275 per cent., we find the
conjecture confirmed which has been
thrown out by some authors, that one
office of the kidneys is to eliminate
azote from the system. Tt might na-
turally be questioned what end this eli-
mination can answer, for it should be
expected, @ priori, that there will ever be
a deficiency instead of a superfluity of
azote, which element is required to con-

patible with the limits of these obser-
vations to enter into a minute account of
the composition of every secretion ; nor
do I apprehend that the inquiry would
be llseﬁll. We shall therefore examine
those only which, from their quantity,
produce considerable effect on the com-
position of the blood ; and in these in-
stances confining our attention to their
most prominent and characteristic fea-
tures.

Changes from the Secretion of the
Urine.

The secretion of urine must be con-
sidered as by far the most important in
relation to the present subject; both
from the peculiarities in its composition
and from its being altogether eliminatec
from the system, by which we are as-
sured that it must absolutely affect the
composition of the blood.

The animal principle called urea is
that which gives to urine most of its
characteristic qualities; and since it
constitutes by far the greater portion of
the solid organic contents of tl]is secre-
tion, we shall arrive at pretty aceunrate
conclusions respecting the vﬂ{*ct of the
whole secretion on the bloed, if we as-
sume this principle as its representative.
If, then, we compare its composition,
as deduced from Dr. Prout’s analysis,
with the mean of the numbers of albu-
men and fibrine, which represent the
blood, an estimate will be formed of
the conversion of the latter into the

former. The smaller {ractions are
omitted.
In Urea. Excess in Blood., Excess in Urea.
20 33 0
T 0 ]
265 0 55
465 i) 275

vert the vegetable part of our aliment
into animal matter. The question, as
I have before remarked, presents much
difficulty ; but this lies not so much in
accounting for the elimination of azote
from the system, as in the mode by
which vegetable nutriment is anima-
lized. The several fluids of the hody
are secretions from the blood, the nature
of which is fixed, being always consti-
tuted of proximate principles, into
whose composition azote largely enters.
Now we shall find that the other secre-
tions of the body contain less azote than
the blood ; and it muost therelore be that
their formation from that fluid will leave
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in it an excess of azote : it iz by remov-
ing this and Smacrviug the uniform
composition of the blood, that the elimi-
nation of azote by the kidneys proves
useful.

But the most striking point of dil-
ference between urea and the constitu..
ents of the blood, is the great deficiency
of carbon in the former, amounting to
33 per cent. This fact at once suggests
the conclusion that another important
use of the excretion of urine is to coun-
terbalance the removal of this element
by some other function. The intimate
relations which this view discovers be-
tween the function of respiration and
the seeretion of urine, must be viewed
with the more interest, as it serves to
explain, what 1 have shewn inexplica-
ble on former hypotheses, whenee pro-
eeeds the earbon so copiously eliminated
through the former of these functions.

Of the other constituents of urine,
whose composition is known, ammonia
alone can ];m derived from the animal
principles of the blood ; and the forma-
tion of this alkali, composed of hydro-
gen and azote, would contribute to the
same effects that we have pointed out
in the case of urea. [The analysis of

In Blood, In
Carhon: . o oivns s aine 3
Hydrogen .oc00ae 7
Oxygen..oeeeeas 21
Reote, .. iiiiden 19

We find the following results from
this comparison. 1. That the seeretion
of bile does not, as we found with the
urine, leave an excess of carbon in the
blood, but even proves a means of re-
moving it from the system; this, how-
ever, to an extent so trifling as scarcely
to require notice. 2. That the liverisnot,
as some have conjectured, an emunetory
for the superfluvus hydrogen of the
body ; since picromel appears to con-
tain much less hydrogen than the prin-
ciples of the blood. Tt is useless to
hold in view the proportions of hydro-
gen and oxygen in these comparisons,
since they may so readily escape or en-
ter the system in the form of water,
that our attempts to determine the share
or office of the different secretions, with
regard to them, would be fruitless. 3.
From the complete absence of azote in
picromel, compared with its abundance
i urea, we are led to conclude, with
regard to the seeretions of bile and urine,
that one assists to counterbalance the

urine by Berzelius *, gives uric and lae-
tic acids, and lactate of ammonia, as
amounting to mearly 2 per cent.
Uric acid contains 17 per cent. less car-
bon, 5 less hydrogen, 15 more nitrogen,
and 7 more oxygen, than albumen.
Lactic acid has no azote and less car-
bon, but more oxygen. Hence these
animal matters would all leave an ex-
cess of carbon in the blood, and all, ex-
cept lactic acid, would draw to excess
on its azote.]

Changes from the Secretion of the Bile.

Although the bile has attracted in an
especial degree the attention of che-
mists, the discordant results obtained by
different experimenters shew that we
have not yet attained a precise know-
ledge of its composition. If we confide
in the experiments of Berzelins, which,
from his acknowledged aceuracy, may
be supposed nearest the truth, we find
that the peculiar principle termed picro-
mel is almost the UII}.}' animal matter
entering into the composition of the
bile. The analysis of this matter hav-
ing heen ascertained, we make the com-
yarison as follows, omitting the least
ractional numbers :—

Picromel. Excess in Blood. Excess in Bile.
54 0 1
AY 5] }]
44 0 23
0 149 i

effects produced by the other on the
composition of the mass of the blood.

[More recent analyses have proved
the bile to be an exceedingly eomplex
fluid ; if, indeed, the numerous matters
found in it were not the produets of the
yrocess.  The chief organic matters,
]mwm'cr, besides the picromel, are a pe-
culiar resinous substance and choleste-
rine. Now both these abound in hydro-
gen and carbon, without azote, and with
very little oxygen ; and this fact, be-
sides confirming the conclusions just
expressed, countenances an opinion that
has been held, that the liver may assist
the lungs in removing superfluous car-
bon from the system.]

Changes from other Processes of
Secretion.

The only other fluid secretions which
require notice are that numerous class
which have the pecnliar matter called

* Traité, tom. vii.



31

muecus as their chief ingredient, includ-
ing saliva, the secretion of mucous mem-
branes, tears, pancreatic juice, kc. We
eannot satisfactorily conclude respect-
ing the changes which these secretions
produce on the blood, because it is diffi-
cult to determine how far they are
really and entirely excreted from the
system, and particularly because the
l:rnniﬁe composition of mucus is not
nown. It appears to resemble gela-
tine more than any other principle, con-
taining more oxygen and less earbon
than the constituents of the blood. It
may therefore be conjectured that the
separation of the fluids containing it
will slightly contribute to leave an ex-
cess of carbon in the blood, helping to
account for the large quantity of this
element removed from the system
through the function of respiration.
[Much further examination is neces-
sary to determine the chemical nature
of many of the secretions of this class.
The matter secreted by the lower parts
of the alimentary canal is quite peculiar,
and probably consists of much of those
effete materials to which many of the

receding remarks would apply. It
]:asa feetid odour, and appears to rum
readily into putrefaction, exhaling the
feetor of putrid urine. It can scarcely
be doubted that it is an excrementitious
matter, tending progressively towards
ultimate decomposition.

A substance present in manf' of
the fluids of this class is the lactic
acid, in union with one of the alka-
lies. It is also a product of the spon-
taneous decomposition of milk and
several other animal fluids. It con-
tains less hydrogen and earbon, and
more oxygen, than albumen, and no
azote; it may therefore tend to ba-
lance the urea, earbonic acid, Xe¢., which
are excreted by the Kkidneys and the
lungs.

The excretion from the skin does not
require a detailed notice, inasmuch as it
is the same as that from the lungs, car-
bonic acid and watery vapour, together
with a minute quantity ul' animal mat-
ter, consisting of gelatine with some
free acid, which Berzelius considers to
be the lactic. The effects ol its separa-
tion from the blood may therefore be
inferred from the preceding remarks.

There is one other process which
should be noticed before we conclude

this subjeet, namely, the formation of
the animal solids.  Many of these con-
tain the principles which exist in the
blood : thus fibrine enters largely into
the composition of muscle ; albumen
exists in cartilage, membranes, and
other tissues; ilTIIE, fat 1s found in the
blood as well as deposited among the
solids. But a large proportion of the
solids consists of gelatine, a principle
not found in the blood or other animal
fluids. It constitutes a chief part of
tendons, ligaments, skin, membranes,
bones, eellular tissue, horn, Ae., and
when thus deposited from the blood,
either during growth or in the supposed
change of the tissues, its formation must
modify the composition of this fluid.
As, however, the elements of gelatine
do not differ mueh from those of the
prineiples of the blood, the change is
not very important. It may be pretty
nearly represented by the abstraction
from albumen of a little carbon; and
thus the process of nutrition proves to
be another source of carbon in the sys-
tem. |

Such, then, appear to be the harmo-
nions relations which subsist between
the several important functions of
secretion and respiration in the state
of health ; and if we extend the com-
parison, we shall find a uniform ratio
preserved when one or more of these
functions are variously modified. Thus
an inereased secretion of urine results
from the external application of cold
to the body: the exhalation of car-

bonie acid from the lungs is also
simultaneously augmented *.  During

the digestion of food there is a general
increase in all the seeretions; the ear-
bonie acid emitted from the lungs is
likewise proportionally greatt. The
same remarks may be applied to exer-
cise and other ecircumstances producing
variations which do mnot i'l']‘illl'l' the
]umllh.‘, and it would be ]msﬁih]u to ex-
tend these (;nrl,'l:sp:}mlum:ua to cases of
disease also.

The views which I have given of the
effects of the assimilation of the chyle
on the blood, receive support from the
observations of Dr. Fyfel, that a vege-
table diet diminishes the proportion of
carbonic acid emitted by respiration.

* Orawford on Animal Heat.
+ Lavoisier and Seguin, Mém de 1*Acad.
t Ann. of Philos, xiv.
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Comparing  these eorrespondences
with our view of respiration, we are led
to speculate further respecting the for-
mation of those principles which cha-
racterize secreted fluids. Without en-
tering here into Emiy r.iim‘uisitimm as to
the manner in which these principles
are formed by the operation of the vital
powers, I would point out that, as in
the generality of mstances, the abstrac-
tion of earbon is one of the changes re-
quisite to produce them from the con-
stituents of the blood, the oxygen which
is absorbed in respiration, by promoting
this change by its chemical affinity,
must co-operate with the vital powers in
elaborating the secretions. llcml ex-
tend this remark further in no instance
but in that of the secretion of urea. The
experiments of Prevost and Dumas have
shewn that this principle may be found
in the blood of animalls whose kidneys
have been removed. [Dr. Christison
and others have since proved the same
thing to occur in persons suffering from
disease of the kidueys, with albuminous
urine.] This renders it probable that
the whole sanguiferons system is the
seat of its formation, and that the fune-
tion of the kidneys is merely to separate
it, by virtue of what Bichat terms the
insensible organic contractility of their
vessels. [This term of Bichat is hypo-
thetical, and probably incorrect.] From
the views which I have given, urea is to
be regarded as the useless remains of
the ammal principles of the blood, after
the other secretions and the carbon of
respiration have been elaborated from
them. Hence we are not anthorized to
infer that matters which answer some
ulterior purpose in the animal economy
have a snuiTar seat of formation. But,
on the other hand, we at present know
nothing which militates against the idea
that picromel, mucus, &ec. may exist in
a nascent state in the blood, whilst their
complete separation into a distinct form
may be the real office of their respective
secretory organs. Of the opinion of
Berzelius, which supposes the sulphuric
and phosphoric  acids, together with
lime, found in the urine and not in the
blood, to be formed by the union of
their elements at the moment of separa-
tion from the kidneys, I would remark,
that it appears by mno means well
rrounded ; for they may exist ready

ormed in the blood in such minute
quantities as to escape detection, and

2

-

yet be acenmulated in sensible propor-
tions in the urine, which is intended to
convey out of the system all such super-
fluons saline matters.

[The subject of the formation of the
secretions, their relation to each other,
and to the processes of nulrition and
decay, present several other points of
interesting inquiry ; and as I think that
some light may be thrown on them by
extending the preceding observations, I
shall again recur to them. The next
vart of this essay, the origin of animal
}!Eﬂf, as it is intimately connected with
them, will properly precede the discus-
sion of these matters.]

On the Origin of Animal Heat.

It is unnecessary to advert to the theory
of animal heat proposed by Dr. Craw-
ford ; for hesidgs the experiments of
Dr. John Davy, which overthrow its
fundamental positions, the objections
which I have opposed to the theory of
vespiration with which it is connected,
may be considered conclusive against
it. The limits of this essay do not per-
mit me to notice many other theories
that have been or are now held; and I
must be brief in stating and illustrating
my own views. These I shall first give
in a general outline, and afterwards ex-
amine how they accord with the experi-
ments related by others and made by
myself on this subject.

Tt will not be denied, that when oxy-
gen and carbon unite, heat is constantly
and uniformly generated. We know,
from the phenomena of respiration, that
such a union is perpetually taking place
in the living body ; and by a variety of
arguments, I have endeavoured to prove
that the seat of this union is in every

art of the sanguiferous system; per-
Eaps more in the caqi]laries and secre-
tory organs than elsewhere. In this
case, as in all others, the formation of
carbonie acid must be attended with the
evolution of heat. Unless, therefore,
any process simultaneously goes on
which shall cause the absorption of heat
thus generated, the same change must

rove a source of animal heat. Now we

now of no such caunse of absorption of
heat in the living system, nor can we
admit its existence, unless it be une-
quivocally gr:wed that heat is not actu-
ally evolved by the union of earbon and
oxygen in this instance. Although an
opinion to this effect has been enter-
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tained, I shall not at present discuss it,
but for the present assume that the for-
mation of carbonic acid does prove a
source of heat in the animal system.
Whether this chemical union is the
sufficient and only sowrce of animal
heat, is a distinct question, and one that
T cannot consider yet decided. Dr.
Crawford found, that when equal quan-
tities of oxygen gas were convcrlct‘ into
earbonic acid gas by the combustion of
charcoal, and the respiration of an ayi-
mal, as much, or even more heat was
ﬁiwn out by the burning charcoal than
the breathing animal ®*.  The results
obtained by Lavoisier were, that the
heat given out by the combustion of
charcoal was to that produced by the
animal as 103 to 13+, In regard to
the comparative accuracy of these ex.
periments, a consideration of the modes
in which they were respectively per-
formed, would lead me to place more
confidence in those of Crawford. Lavoi-
sier ' judged of the quantity of heat
evolved by surrounding the subjects of
his experiments with ice, and observing
the quantity melted. Now it cannot be
doubted that the absolute temperature
of an animal would be lowered by being
surrounded by such a cold body : con-
sequently the heat acquired by the ice
would be derived not only from the con-
version of oxygen into earbonic acid,
and any other ecalorific process in the
animal, but also from the warm body of
the animal at the beginning of the ex-
periment. A set of experiments, very
recently performed at Paris, have led to
the conclusion thatthe carbonicacid given
out by respiration is not a sufficient
source of animal heat.  [These were the
experiments of Dulong?i. In those of
Despretz, which followed soon after§,
the carbonie acid produced by a breath-
ing animal would account for abont
six-tenths of its heat, while the remain-
ing four-tenths were unexplained. Great
care seems to have been bestowed on
these researches, and T think they may
be taken as approximating the truth.]
Without attempting to decide be-
tween these discordant accounts, T have
long been, and am still, impressed with
a belief that the wnion of carbon and
oxygen, to the extent occurring in the

* On Animal Heat.

+ Mém: de "Acad. 1783,

t Journ. de Physiologie, 1823,
b 1bld. Avril 1824,

body, is insufficient in itsell to explain
the constant and uniform temperature of
so large a mass of matter, prepetually
exposed to the cooling ageney of eva-
poration, radiation, and conduction. 1
am at the same time convinced that this
chemical combination is a prineipal
source of heat ; but as it is uul one of
many changes by which nnmpf;x ani-
mal matters are resolved into simpler
principles, so likewise it llruhahlr}' forms
a part only of the means by which ani-
mal temperature is supported.  To speak
with more precision: all the animal
principles wilmsc eonstitution is known,
entering into the composition of the
fluid secretions, as urea, picromel, %e.,
are of a simpler nature, and consist of
fewer atoms, than the albumen and
fibrine from which they are formed.
Now, as we know that the resolution of
complex matter into simpler bodies is
always attended with the evolution of
heat in_ the case of fermentation and
putrefaction, so it is }H‘{Jhﬂblﬂ that the
same phenomena will result from ana-
logous changes proceeding under the
influence of the vital powers. It will
serhaps be said that this view is too
Lg‘pmlmliual to merit attention ; but T

can truly declare, that although, for

facility of comparison, and to inerease
the interest of the subject, I present the
general inferences before the facts, it 1s
from reflection on the various experi-
ments which I shall now notice that T
have been led to take the view which I
have just developed.

I have tried repeatedly to ascertain
whether the action between oxygen and
the blood out of the body is attended
with an evolution of heat; and the gene-
ral result has been that heat is to a
trifling degree generated by the oxygre-
nation of the blood, and from the greater
slowness with which it cools, that the
blood seems to evolve a slight degree of
heat for some time after. Insome of
these experiments I found that the tem-
perature did not rise in sernm agitated
with air, but on the addition of coagu-
lum a perceptilile rise took place. So
Prevost and Dumas have shown that the
parts contained in the coagulum are
most indispensable to the functions of
life®. The power of arterial blood to
generate heat, by the gradual union of
the oxygen with its carbon, is perhaps

* Examen du Sung, &c. ; Biblioth. Univ. 1821,
E
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what led Dr. Crawford into a mistake
respecting its capacity for caloric.

On the influence of the Nervous System
in causing Animal Heal.

Of the experiments which have been
instituted to demonstrate the dcjmnd ence
of animal heat on the brain and nervous
system, none for originality and im-
portance claims our attention so much
as those of Mr. Brodie*. These are so
familiarly known, that it will be un-
necessary for me to cite more than their
general results, which were, that when
the nervous influence is destroyed, either
by decapitation, or by a poison which
acts immediately only on the animal
life, artificial respiration cannot in any
degree preserve the heat of the body,
:allhuug}l:: the expired air sustains the
same changes as in natural respiration :
and moreover, that the seeretion of
urine is at the same time suppressed.
From these circumstances Mr. Brodie
concludes that the function of respira-
tion has no share in the production of
animal heat.

Against the validity of the objections
thus opposed to the chemical theory of
:mima\ heat, it has been argued that it
1s impossible so exactly to imitate natu-
ral respiration as to introduce into the
lungs t]im proper quantity of air: hence,
from the unnatural manuner in which
respiration is conducted, its calorific ef-
fects may be counteracted. Although
such an objection, were it well founded,
could only in a trifling degree affect
Myr. Brodie’s conclusions, I endeavoured
to ascertain how far it is valid, and ac-
cordingly made the following experi-
ments: —

Exp. I.—The subject of this experi-
ment was a small rabbit. Heat in recto,
10249 ; temperature of the room, 58°.
The trachea was laid bare, and an open-
ing made into it, through which artifi-
cial respiration was established by
means of an inflating bellows. At the
commencement the heat in recto was
10149 ; in five minutes, 100°; in eight
minutes, 994°; in ten minutes, 101°;
in twelve minutes, 99°; in fifteen mi-
nutes, 994°.

Exp. II.—Performed on a large rab-
bit. Heat in recto, 98°; temperature

* Phil. Trans. 1811 and 1812,

of room, 56°. Artificial respiration be-
ing made as nearly as possible to imi-
tate the matural function in extent and
number, the heat was noted as follows.
At commencement, 974°; in five mi-
nutes, 97¥: in six minutes, 971°; in
eight minutes, 973¥; in ten minutes,
973°: in twelve minutes, 989 ; in fif-
teem minutes, 98°.  Artificial inflation
being then discontinued, and the ani-
mal_left to breathe of itself, the heat
rose no higher. Similar results were
obtained on repeating these trials.

In regard tothe varieties exhibited in
the heat, it was remarkable that it al-
ways became lower during the opera-
tion of trachestomy, and, as T after-
wards found, during every painful ope-
ration. This corresponds well with the
observation of Bichat, of the imperfect
manuer in which arterialization is ef-
fected in persons undergoing surgical
uremtions. The other variations were
plainly referable to the manner in
which the lungs were inflated ; for when
this was assiduously and uniformly
done, the heat remained stationary, or
rose nearly to the natural standard 5 but
when less steadily attended to, the tem-
perature fell. Hence it follows that ar-
tificial respiration may be conducted
without causing a diminution of animal
heat.

[These experiments, although inte-
resting as shewing the influence of pain
in depressing animal ten:}}emturn, by
no means establish what they were in-
tended to prove; for a]thuug’h the hlllg‘s
could receive air only through the tube
of the bellows, the respiratory muscles,
external and internal, were still in full
force, and as their action must have con-
stituted part of the efforts of the animal,
the respiration eould not be called en-
tirely artificial. It is only when sensa-
tion 1s destroyed that the respiratory
machine becomes passive, and can be
worked artificially. In doing this, great
eare and steadiness are required to in-
flate regularly, and not too fully or too
often, otherwise, besides the over-cool-
ing of the ]un%’s by an excess of cold
air, they may become emphysematous,
and unfit for their office.]

Another objection to Mr. Brodie’s
experiments has been urged by Le Gal-
lois, who found that healthy rabbits,
when kept for a long time in particular
positions, suffer refrigeration to a fatal
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extent*. Hence he concludes that the
delicacy of these animals renders them
improper subjects for these experiments.
esides these objections to the mode
in which Mr. Brodie’s experiments were
erformed (which objections certainly
Eo not carry with them much wei{,rht],
the experiments themselves have been
repeated by several individuals, and in
no instance with precisely similar re-
sults. Those of Le Gallois, at Paris,
and of Dr. Hale, in Americat, led them
to conclude that animals in which the
nervous influence has been destroyed,
cool less rapidly when artificial respira-
tion is performed than where 1t is
.omitted 3 and that the loss of tempera-
ture that does oceur is solely attrilmtn-
ble to the diminution in the force of the
eirculation. The latter conclusion has,
however, been completely refuted by the
accurate researches of Chossat, in which
it was proved that the rate of cooling,
after the destruction of the nervous in-
fluence, bears no relation to the state of
the circulationf. The results of the
experiments, as far as they relate to the
absolute cooling of decapitated animals,
have been confirmed by those of Drs.
Wilson Philip and Hastings, who also
found that artificial respiration retards
the cooling of a decapitated animal, al-
though the- former, with Mr. Brodie,
considers the nervous influence neces-
sary for the generation of animal heat.
The latest published experiments on
this subject are those of M. Chossat. I
must refer to his excellent memoir itself
for an account of the truly philosophical
manner in which the author was led to
trace the connexion of animal heat and
the nervous system especially to the
great sympathetic nerve. e then
ascertained experimentally, that what-
ever destroyed the functions of this
nerve, such as contusion of the semilu-
nar ganglion, or more completely tying
the thoracic aorta, caused as rapid a di-
minution of animal heat in every part
of the body, equally in the wsophagus
and in the rectum, as is produced by the
destruction of the brain itself. Through-
out his experiments M. Chossat had fre-
uent opportunities of eonfirming Mr.
rodie’s conclusions respecting the ef-
fect of injuries of the nervous system in

* Diss. sur la Chaleur Animale ; Ann. de
Chimie et Physique.

t Med. and Phys. Journal, 1814,

t Mém. sur P'Influence du Systéme Nerveux

sar la Chaleur Animale, 1820,

suppressing the seeretions, and observes
further: * Toutes les lesions du sys-
téme nerveux qui affaiblissent le dé-
gagement de la chaleur animale,
agissent sur les seerétions d’une ma-
niere analogue.”

Such are the most important facts
which T have been able to colleet from
recent works on this subject.  Before T
undertake to compare them with the
views which I have given respecting
the sources of animal heat, I shall con-
cisely relate the results of my own ob-
servation, selecting those of my experi-
ments which were most carefully con-
ducted, and which were attended with
the most positive results.

Having convinced myself by repeat-
ed observations, that comparative expe-
riments with different animals are al-
ways liable to fallacy, from the inexpli-
cable variety which occurs in their rate
of eooling, however similar the eireum-
stanees of size and absolute tempera-
tures, I thought that by attending with
areater accuracy, and with shorter in-
tervals, to the variations of temperature
in each animal, T might obtain positive
and independent results, and thus elude
this source of faullacy. Mr." Brodie
noted the temperature in his experi-
ments only at intervals of fifteen or
thirty minutes after decapitation. Now,
from the trials of Chossat, it appears
probable that a slight reaction takes
place before this, causing an increase of
temperature, followed by a more rapid
depression.  To include these variations
I marked the temperature nearly every
two or three minutes.

Exp. IIl.—Subject, a small rabbit.
Heat in recto, 99°; temperature of
room, 589 The tube was inserted
through an incision in the trachea, after
which the heat was 98°. The neck be-
ing secured by a common ligature, de-
eapitation was performed, and artificial
respiration established. Heat in recto
was noted as follows :—

Minutes, Heat. Minutea. Hent.
3 .. DGO 27 .. 96°
5 .. 96 28 .. Hﬁ-&
¥ 7 POk 30 ., 95
10 .. 964 S .. 05
17 . 96 85 .. D5
20 .. 96 a8 .. M
23 ... O 40 .. Bﬂﬁ
24 .. 053

Exp. IV.—Temperature of room, 558 ;
subject, a {ull grown rabbit. Heat,
1024 ; after tracheotomy, 1004*. De-
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capitation being performed, and artifi-
cial respiration established as before,
the heat was as follows :—

Minutes. Heat. Minutes. Heat.
LoEEE | | 20 .. 100°
7 .. 1013 25 .. 99%
10 .. 101} 27 .. 99
12 .. 101 30 .. 98}
i4 .. ]'U'] a5 .. 9
16 .. lUﬂ% 40 .. 97

From the perfect state of the respira-
tory function in birds, and from their
high temperature, T was led to expect
that varieties might be more easily
noted. Accordingly I made a common
hen the subject u?the following experi-
ment :—

Exp. V.—Temperature of room, 50°;
heat in recto, 108°; and after the tube
of the bellows had been adapted to the

trachea, 1079; but in ten minutes re-

turned to 108°, The neck being in-
closed in a strong tight ligature, the
head was cut off between the second
and third cervical vertebrie. The body
was strongly convulsed for five minutes.
The heat was then noted as follows :—

Minntes. Heat. Hlinntes, Heat.

1 .. 106° 24 .. l053=

3 .. 107 27 .. 106

4 .. 107 30 .. 104

6 .. 108 31 .. 105

9 .. 108 3 .. 105
12 .. 1074 35 .. 104%
15 .. 107 38 .. 104
18 .. 106} 40 .. 103
21 .. 1064

Although the total result of each of
these experiments was a considerable
diminution of temperature after decapi-
tation, yet in every case artificial respi-
ration seemed to retard it, and in some
degree to increase absolutely the heat
of the body. In the last experiment
heat was completely restored ten minutes
after decapitation, having iucreased two
degrees in that period.

‘rom a consideration of the efficacy
of galvanism in restoring some secre-
tions suppressed by certain injuries to
to the nervous system, I was induced to
try whether it is also capable of main-
taining animal heat *.

Exe. VIL.—Temperature of room, 50
subject, a full-grown rabbit. Heat in
recto, 100°; and after separating the

# ] believe that Dr. Bellby had made some ex-
pariments similar to these some years before,
it I do not know with what result.

trachea and adapting the tube, 99°. The
vessels of the neck gbe'mg secured by a
common ligature, the head was cut off
immediately below the atlas, and infla-
tion immediately commenced. The
heat was found at 96°, at which point
it remained for five minutes. (Galva-
nism was then zqilplied, by the negative
wire inserted in the spinal marrow, and
the positive over the lower part of the
abdomen, which had been shaved bare,
and covered with wet tinfoil.  The

wer used was such as to produce
slight twitches of the fore paws, being
that excited by at first twelve, after-
wards gradually increased to forty Yﬂim
of three-inch 1}{atﬂs. The artificial re-
spiration being regularly supported after
the galvanism was begun, the heat was
observed as follows:—

Minutes. Heat. Minutes. Heat.
5 .. 7@ 20 .. 9647
7 .. 96% 21 .. 986
10 .. 9% 23 .. 95
12 .. 973 25 .. 94%
14 .. 97 28 .. 9
16 . O 30 .. 94
18 .. 97 g3 .. 9:315_

The galvanism appeared here to have
caused at first an evolution of heat, fol-
lowed by an unusually rapid diminu-
tion. The latter may be in some mea-
sure ascribed to the evaporation from the
wet abdominal parietes. The uriual?'
bladder was found quite empty, al-
though no urine had been mitiml] during
the experiment.

Exp, VIL—Temperature of room,
50°. A large rabbit. Heat in recto,
102° ; and after adjustment of the tube
to the trachea, 101¥. Some essential
oil of bitter almonds was dropped into
a wound. Five minutes after the heat
was 1003 ; in ten minutes, 100°, In
about twenty minutes it was convulsed,
with gasping and some tendency to
opisthotonos, and died in twenty-five
minutes. Galvanism was applied as in
the last experiment, but with the poles
reversed. The artificial respiration was
not effectaally performed, owing to the
rigid state of the muscles of the chest.
The heat was noted after the first appli-
cation of the galvanism :—

Minuates. Heat. Dinutes. Heat.
1 .. 96}° 35 .. 9340
4 .. 96 40 .. 93
W .. 95 45 .. 9
15 .. 96 50 .. 93%
L7 ! ] {7 T L
30° .. '9d 60 .. 923
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It seemed to me that the slight in-
crease of temperature observed here
twice, was the effect of attempts to
make the artificial respiration more per-
feet. The bladder was found to contain
some turbid urine.

Exp. VIIL. was performed with the
view to determine the respective shares
which respiration and galvanism might
have in all;'ecting animal heat. Temp. of
room, 48°; subject, a full-grown cock.
Heatin recto, 1074 3 and in ten minutes
after adjusting the tube to the trachea,
1069,  Decapitation being then per-
formed, a galvanic current, excited by
from 12 to 24 plates, weakly charged,
causing slight twitchings of the wings,
was applied at times, which, with the
respiration and the heat, are expressed
in the following table. The letters
R. and G. denote the times when respi-
ration and galvanism were continued.

Minutes. Heat.| Minotes. Heat.
R.ceocecas 141059 R, &z, «-22.. 1069
Riocoveorne 50104 (R, & G, =25 1054

R.&G. -« 7--105 |[R. & G, -:27-:105
R &G, -- 9:.:106 [00---+ --29..104
R &G, -:10- 106 [R.--+2++--30--103
| AR O SRR 33.-1024

G. --35--102
(3, ++37--102%
G. --40-.102

R. &G, -+ 16--105
R. & G.
R. & G.

R
R.oeeeesenel4-- 1054 R.
R
R

-« 18--105
« e 20..106

As the artificial respiration was here
uniformly conducted for the first twenty-
nine minutes, the variations in the tem-
Ferature during that time must be chief-
¥y aseribed to the galvanism, the appli-
cations of which were distinetly and uni-
formly followed by a rise of temperature.
The Jcprussiuu Wilil:ll succecided to the
cessation of both the respiration and
gn]franism at the t'.ﬂ.-nly-lliul‘.h minute
was such that the original heat was not
recovered.

[ The preceding experiments,in which
galvanism was used,are highly interest-
g, in so far as this agent proved a
means of exaggerating the calorific
power which remained in the animals
after their nervous energy was destroyed ;
but they earry with them no proof of the
identity of this energy with lrm cralvanic
fluid. The experiments generally, how-
ever, do certainly prove that artificial
respiration, when etfectually performed,
retards the cooling of animals, which it
can do only by causing in some way a
devclupmmﬁ; IJ;I' heat.glluw it cﬂguts
this in the first jnstance, and why after-
wards it fails to do so, and, on the con-

trary, becomes a cooling process, and
accelerating the refrigeration of animals
whose nervous energy has been de-
stroyed, are the points which we have
next to consider.

If we compare with the general re-
sults of the experiments which have been
deseribed or noticed in the preceding
observations, the views which I have
advanced respecting the changes of the
blood and animal heat, we shall find
them to be in perfect consistency with the
phenomena, and explanatory of them.

It is not impossible to reconcile these
views even with the extreme results of
Mr. Brodie’s experiments. According
to our theory, the carbonice acid exhaled
by respiration is what has previously
Existfdl ready formed in the blood. The
usual quantity of this gas might there-
fore be emitted for the first half hour,
without a sufficient quantity being ac-
tually foimed to preserve the heat of
the body. That little carbonie acid is
formed where the nervous influence has
been destroyed, appears further probable,
from the fact nllnit:r'-'l:d by Le Gallois,
that the blood does not in this case as-
sume the proper venous hue; and this
15, most likely, because the secretions,
which we have shown to supply carbon
for this purpose, are sappressed. This
suppression also removes the other pro-
cess which we have supposed to he a
direct source of heat—namely, the for-
mation of the principles of the secre-
tions.

If it 1s possible to explain these ex-
treme results, there can llm no diffieulty
in accounting' for the rhcnum{:n;l ob-
served by other physiologists, and by
myself, in which for a short time animal
heat was kept up by artificial respira-
tion, Hence we must either aseribe to
the functions of respiration and circula-
tion the power of generating heat (al-
though to small extent, unless supported
by nhlcr funetions), or, with those who
attribute to the nervous energy a power
almost omnipotent—assume that the heat
renerated alter the removal of the brain
15 produced by the nervous organs still
remaining in the hmlr. This latter al-
ternative is so entirely destitute of sup-
wort, that it is unnecessary to discuss it.
E will, however, remark of the only aun-
thor who, to my knowledge, has advo-
cated it, that he had a particular hypo-
thesis involved in it. I allude to D
Wilson Philip, who considers animal
heat to be a secretion, a tertium quid,
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resulting from the operation of the ner-
vous energy, or electric fluid (for he
holds them to be the same), on arterial
blood*. Tf, by this expression, he im-
plies that the evolution of heat is the
only consequence of the supposed ac-
tion, I affirm that his proposition is not
in accordance with the kunown proper-
ties of heat, nor with the generally re-
ceived opinions of its nature 3 but if he
admits that the supposed action is at-
tended with other changes, besides the
mere evolution of heat, his term seeretion
is logically inaccurate; for the heat
must be the result of these other changes
(whether in composition or in condition)
ol the principles of the blood, and not
the direct effect of the supposed nervous
power on this fluid. That such was the
case . Dr. W. Philip’s experiments
with galvanism and arterial blood, a pe-
rusal of his account of them will suffi-
ciently prove ; for the rise in tempera-
ture which took place on passing the
electric current through florid blood was
attended with a blackening and obvious
change in the chemical condition of this
fluid.

Since the foregoing remarks were
written, the opinions of philosophers re-
specting heat have undergone some
change, the mnotion having gained
ground that it is the undulation of an
elastic medium rather than a distinet
matter. This will but little affect our
subject; for we have less to do with the
nature of heat than with the laws of its
development. We find heatcontinually
evolved in the animal body; and if we
can point out according to what physi.
cal or chemical law it is there p'rmlluce-:i’,
we explain its cause as far as is neces.
sary in the science of physiology. Any
notion which falls short of this is not an
explanation. Such appears to me to be
the opinion of Dr. Wilson Philip, above
quoted. To call heat a secretion, in
spite of its want of parallelism with any
other secretion, is to substitute an hypo-
thetical, and probably erroneous, term
for an explanation.  With more plausi-
bility amimal heat might be referred to
the ealorific power of a current of elec-
tricity passing through an insufficient
conductor. When a large quantity of
electricity is sent through very fine me-
tallic wires, it will heat them even to
incandescence and fusion. The heat is
here truly a tertium quid (a seeretion, if

* Experimental Inquiry, &e.

you will), resulting dircetly from the
action of electricity on the metal; there
being no chemieal or physical change to
account for it. Butif we admit (?15 I
think we must) that there are electrie
currents eontinually present in the ani-
mal frame, there is no trace of the condi.
tions under which they can produce
heat, as in the case just described.
There is no where in the body a sign of
so strong a current, or of insuflicient
conductors, Besides, nearly all the so-
lids and flnids of the body are electro-
lytes, and chemical changes would ae-
company the passage of electricit ¥
through them, as in the case of Dr. Phi-
lip’s experiment, which destroys the
analogy with the case of conduction by
a metal. If, then, electricity be a direct
cause of animal heat, it must be through
some property not at present known;
and to assume gratuitously the exis-
tence of such a property, is contrary to
all rules of philﬂsnp]i:y.

The hypothesis that electricity is the
direct cause of animal heat being un-
supported by analogy or experiment,
we have again to inquire whether the
position which I have advanced, that
the chemical changes continually goiny
on in the system will explain it, is still
tenable. This view requires further
consideration than T had given it in the
preceding essay, and it may be conve-
niently examined under the following
propositions : —

1. Certain kinds of chemical change
are attended with an evolution of heat.

2. Such kinds of change do take
place in the living body.

3. Relations are observed to subsist
between these changes and the produc.
tion of heat in the living body.

L. It is well known that when bodies
pass from a raseous to a liquid state, or
from a liquid to a solid state, they give
out heat. The same phenomenon ac-
companies any change in a body from
a rarer to a denser condition. The most
numerous and remarkable sources of
heat are, however, the changes accom-
I.‘r:tljj-':ill,_,# chemical action; and at the
1ead of these stands the familiar one of
combustion.

The phenomena of combustion de-
pend on a certain intensity and rapidity
of chemical action, which, when mode-
rate and slow, does not give out heat
sufficient to be luminous. Thus a mix.-
ture of hydrogen and oxygen in the pro-
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ortions to form water, when heated
sufficiently, unite instantaneously, and
by the heat, light, and explosion, exhi-
ut the intensity of their mutual action ;
but if heated to a lower degree, orif
much diluted with some neuntral 1
and exposed to spongy platinum, Iﬁ;
then unite slowly and silently, still giv-
ing out heat, but not with the rapidity
and quantity necessary to comstitute
combustion and explosion. This exam-
e, although elementary, illustrates we-
nerally the principles of calorifie union.
We are apt to associate the generation
of heat especially with eombustion, for-
getting that this phenomenon exhibits
only the higher degrees of what oceurs
also extensively when similar chemical
changes take place more slowly, or
when circumstanees prevent the aceu-
mulation of heat. Water has this latter
effect in a signal degree; and as this
property is materially concerned in the
calorific processes which are to come
under our notice, I will illustrate it by
a simple example.  We know how sud-
den and vivid 1s the combustion of dry
gunpowder. When the mutual action
of its component parts is developed, no-
thing interferes with the extrication of
heat, which is accordingly intense and
instantaneous 5 but if the powder be
moistened, the evaporation of the water
impedes the heating process, and the
combustion proceeds through the mass
more slowly, and less vividly, Again,
expose the chief components of gun-
powder to each other’s action in a wa-
tery medinm, by warming sulphur and
charcoal in nitriec acid ; the chemieal
changes are much the same as in the
former case, and heat is evolved ; but the
liquid impedes its extrication and the
rapiﬂit‘y of the action, which therefore
go ou 1n a lower degree, and for a longer
time. This instance of gunpowder is
given, because its constituents and their
mutval action are well known ; but it
would be easy to shew that many other
chemical actions, which, at their acmé,
exhibit the phenomena of combustion,
are, in their lower degrees, and when
retarded by the presence of a cooling
mass of water, still attended with the
gradual extrication of minor degrees of
heat.

In a somewhat stinilar licht may be
viewed the processes of fermentation
and putrefaction, which develope low
degrees of hieat 3 and their chemical na-
ture, although different from that of

common combustion, may be proved to

ass into it by successive gradations,
?t is thus, as 1 have elsewhere shown,
that many cases of spontaneous combus-
tion originate. Take, for example, the
spontaneous combustion of damp, or
newly-made hay. This arises from a
fermentation produced by the presence
of moisture ; but the heat thereby ge-
nerated gradually dissipates the mois-
ture, and developes the other ultimate
affinities between the vegetable matter
and the air. Hence the hay emits at
first a fragrant steam, then an empyreu-
matic smoke, whilst its interior becomes
charred by the inereasing heat, which,
under favourable circumstances, at last
breaks out into open flame.

It would lead us beyond the imme-
diate purport of this essay to pursue
this part of the subject further here:
the e:v.:aruples adduced will suffice to
show how generally heat, in various
degrees, accompanies eertain chemical
actions. What are these actions which
produce heat  is a question still requir-
ing a briel notice. It may be answer-
ed, those kinds which tend to the forma-
fiom n_,"' simpfr antd permanent Prmfm.'t.s.
The most efficient cause of heat by che-
mical change 1s the union of two con-
trary elements, with ne opposing affini-
ties to restrain their combination. Such
is the union of oxygen with hydrogen,
with carbon, &¢. The next in calorifie
effect may be the open combustion of
various animal and vegetable matters:
the simplest products result; but the
development of heat is somewhat im-
paired by the pre-existing slight affini-
ties, and the presence of some oxygen,
already in the combustibles. A lower
{]Egmﬂ ul'iw:ll, bt yet |l,l]i]i]l:]-l,lﬁ., 18 pro-
duced in the low combustion which I
have shown to affect most combustible
bodies, both simple and compound, at
temperatures considerably  below  red
heat*. The produets of this combustion
in vegetable and animal matters are, ac-
cording to the kind, chiefly water, em-
I}_}'rt:umati(: acetie acid, oxalie acid, car-
wonie acid, and ammonia ; all more sim-
ple in ultimate composition than the
combustible. Lastly, the lowest cases
of calorifie change are those of fermen-
tation and putrefaction. In one sugar
is cu.nu’erch into aleohol and earbonie

* Transactions of the Britlah Association for
the Advancement of Science @ vol. iil., Chemical
Sectiou.
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acid, or alcohol into acetic acid ; in the
other, animal and vegetable compounds
are resolved into ammonia, carbonic and
hydrocyanic acids, carburetted hydro-
een, and the like: in both these cases
the change being from the more com-
plex organic principles to combinations
simpler, and more resembling the per-
manent products of combustion. We
may therefore reduce all the above in-
stances to this general law—the evolu-
tion of heat during chemical action is,
cateris paribus, in_proportion to the
change from isolation, or weak combi-
nation, to firm and simple union.

2. Our next position to establish, is,
that such chemical changes as have
been just shown to evolve heat, do take
place in the living body. We know of
no processes in which the condensation
of gases, or solidification of liquids, can
become a source of animal heat. Tt is
true that, in nutrition or reparation, the
solids are formed of the liquid blood;
but this is balanced by the opposite pro-
cess of decay, in which the solid struc-
tures are again removed in a fluid state
by the varions absorbent vessels; and by
the operation of chylification, in which
a Iirluitl is extracted from a more or less
solid mass of aliment.

But the several chemical changes in
the blood which we have been consider-
ing in the rrcccding' pages, I appre-
hend we shall find included in the
definition above given of the production
of heat by chemical action. That the
union of carbon and oxygen must prove
in the body as elsewhere a source of
some heat, 15 too obvious to need further
argument. I shall here only consider
the changes effected in the formation of
the secretions. Here, from the highly
perfect animal principles, albumen and
fibrine, which originate only in living
bodies, are suseeptible of organization,
and become the medium of some of the
most remarkable properties of life,—we
find produced, urea, uric acid, ammonia,
picromel, resin of bile, lactic acid, and
the like ; matters not only totally in-
susceptible of organization,but obviously
ﬂppl‘u&ﬂllitlﬁ‘ in nature to inorganic sub-
stances, and capable of being formed by
the decomposition of other organic mat-
ter, and in some instances even by the
synthesis  of inorganic compounds.
Thus urca consists of precisely the same
elements as the hydrated cyanate of
ammonia; it may be formed artificially
by the action of ammonia on cyanogen ;

and as it exists in urine, a boiling
heat is sufficient to resolve it into the
still simpler carbonate of ammonia.
The uric and lactic acids also approach
to ultimate compounds; the former

diffeving but little from some of the
combinations of eyanogen, and the

latter being the product of fermentation
of milk and other animal fluids. OfF

icromel and the resin of bile we can
speak with less certainty ; but their
ulltim:a.tc eomposition, resembling oils,
varieties of hydro-carbon, hcspeeﬂ;s the
simplieity of their nature.

As we thus find the principle of calo-
vific change fulfilled m the formation
of the excretions of the animal body,
so we may have experimental illustra-
tions of it in thie further history of the
excreted matter. Thus in the septic
properties and progressive decomposition
of L]hc urine and dung of animals we see
a continuance of the simplifying pro-
cess which had begun in the body;
whilst the attendant heat, so familiar in
the steaming dunghill, and usefully
applied in hot-beds for forcing plants,
exi:ihit:-; the constancy of the pheno-
menon, which in its earlier periods had
assisted to sustain the temperature of
the living animal.

3. The last position to be examined,
is, that relations are actually observed to
subsist hetween the chemical changes
ooing on in the body, and the animal
If{:lnpm*ntlll'(:.

I need not dwell on the general re-
lation observed between the heat and
the perfection of the respiratory process
in Ilmnlth;.- animals, This ﬂas been
sufficiently pointed out by the various
writers on the subject, from the time of
Dr. Black and Lavoisier. The experi-
ments of Edwards have added a new
proof, in the fact that young animals
gain the power of preserving their own
tclllpﬂ‘l'ﬂllll'ﬂ' imn |3I'{III{!I'tif}il as l'ﬂs-l]l't'iltlﬂll
becomes necessary to them. Animals
born blind, or wilfmut covering, partake
somewhat of the feetal state, and will
live for a short time without air; in
this condition they have very little
sower of generating heat, and depend
i great measure on the warmth of the
mother : but as the respiration and con-
neeted functions become more perfect
and indispensable, they gain the power
of sustaining their own temperature.
The exceptions to this law of relation
in the experiments of Sir B. Brodie, and
of those who have followed him, do not
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disprove it; they only shew that a
certain integrity of the nervous function
as well as of the respiratory is necessary
for the preservation of amimal heat.
But, as it has been already observed in
this essay, these experiments afford a
direct illustration of the relation which
we seck to establish between ecertain
chemical changes and animal heat. A
quotation already given from the accu-
_rate Chossat comprehends the result of
his and all other experiments on this
point. AUl the lesions of the nervous
system which diminish the production of
animal heat, aet in a similar way on the
secretions.” Here, then, we find the
exception proving the rule. A certain
integrity of the mnervous funetion is
necessary to maintain  animal heat,
because it is necessary to the continu-
ance of those chemical processes on
which animal heat depends. It is
directly mecessary to the formation of
the sccretions, (one cause of heat) and
as these sup]F]y carbon to maintain the
production of the carbonic acid of res-
piration, (the other cause) the nervous
energy is also necessary to the continued
perfection of this function. Some pro-
duetion, as well as exhalation, of car-
bonic acid, may take place after the
destruction of the nervous imfluence
and my own and other experiments shew
that some heat is at the same time
evolved. But this portion of calorific
ower is insufficient to preserve the heat
of the blood : hence, besides the absence
of the agency which forms the secretions,
the inereasing depression of temperature
diminishes even the changes wlnich the
oxygen absorbed can chemically effect ;
the cooling is therefore progressively
rapid, and when it has rﬂmgm a certain
degree, artificial respiration accelerates
instead of retarding 1t,
I have hefore iad oceasion to ecite
from Dr. Hodgkin’s notes to Edwards,
some experiments of Sir A, Cooper
which illustrate the effect of intense cold
in arresting the changes of the blood in
a sound animal, that 1n the veins retain-
ing the arterial bue. Tt atonce destroys
that nervous influence, and impairs those
chemical affinities, which jointly work
the calorific changes. Suc‘}t a moderate
degree of cold as the vital powers can
react upon has an opposite effect; more
counteracting heat is generated, the
bleod becomes darker, and more car-
bonic acid is given out from the lungs ;*

* Crawford, Lavolsier, &c.

and it is this exhibition of a property
peculiarly vital, adapting the laboratory
of the body to a variety of states, that
distinguishes living from dead chemistry,
and makes the very laws of decomposi-
tion subserve to maintain the heat and
health of the body. We are familiar
with the effect of external cold in in-
creasing the secretion of the kidllfljs,
and are used to ascribe it to the mecha-
nical change of the circulation of blood
thrown inwardly from the constricted
surface ; but nature’s beneficial purposes
are not limited to this, for in this inward
determination of blood we also see a
beautiful provision for the maintenance
of animnr temperature by an increase
of those changes in which the internal
viscera are materially concerned.

The relation of the heat and respira-
tion of very young animals has already
been noticed ; but we have to add the
correspondent relation of the state of the
secretions.  In the fetus the seeretions
are scanty, and devoid of distinctive
character, the power of producing heat
being at the lowest; but as scon as the
amimal has breathed, the vital energies
are excited, the chemical changes are
promoted, the glands yield their peculiar
secretions, and the power of maintaining
heat is proportionately acquired.

These last considerations deter me
fromreckoning nutrition among the chief
calorific processes of the animal body.
The only way in which I see that it can
contribute to produce heat is in the
trifling extent to which it may (as before
noticed) supply carbon for the respi-
ratory function. But the opposite pro-
cess, decay, which 1= sur]um-d by phy-
siologists to be continually affecting Lﬂe
tissues of the body, is essentially one of
those simplifying changes which are
always attended with an evolution of
heat, and we thus find that this process,
which has hitherto been deemed a result
of defective composition, whether we
view it as a distinct operation or as a
part of the funetion of exeretion, answers
the useful and important purpose of
contributing' to sustain the heat of the
body.

he necessity of a controling power
over all the chemical changes which
thus sustain animal heat is as obvious
as is the need of a similar influence to
predominate over the various physical
sroperties of the animal machine ; and
if in the agent by which that control i5,
exercised we recognise some characters
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which alljpmximatﬂ it to electricity, we
step but little higher in the m ysteries of
vitality. What directs this agent, and
what are its relations to the physical and
chemical laws which aet upon it, and
which it so powerfully and beneficially
controls, are matters which according to
our present knowledge are eutireljlv be-
Enu' our comprehension.  We have

een studying the chemical changes as
they do occur under this unknown in-
flucnce,and find inthem a sufficientcause
of the heat of the animal frams. This
inguiry, far from dezrading our view of
the animal economy into a mere appli-
cation of chemical or mzchanical laws,
exalts and enlarges it,in the further

roofs which it has afforded, that these
raw.-;,- whieh in dead matter tend to de-
m:-mlmse.am[ to destroy, are made under
the influence of vitality to warm, sus-
tain, and purify the living body. In
the variations of disease, which are too
numerous to admit of present notice, we
may find proofs of insubordination in
the chemical agencies which sometimes
seem even to predominate for a while;
and in the balance of these against the
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opposite ones of vital reaction, are com-
prehended many of the phenomena of
morbid action. The physical condition
of temperature is, however, stillamenable
to the laws of its production; and in
the highly charged exeretions and in-
ereased carbonic acid expired in inflam-
matory fevers, we see the causes of
aungmented heat; whilst the lower tem-
Eeratgre in typhoid, cachectic, and
ropsical states, is accompanied by a
diminished exeretion from all the im-
ortant organs.* Other causes may
doubtless be assigned for these varia-
tions of functions and phenomena; nor
do I deny theirreality : and in adducing
these new relations of acknuwiedgeﬁ
facts, I do but shzw farther instances of
the admirable economy of nature, by
which the chain of causation, although
consisting of many links, is at once
simple, comprehensive, and harmoni-
ously adapted to a variety of ends.

Half-mpon Street, Piccadilly,
Oct, 5, 1335,

# Nysten, Recherches, &ec. p. 202.  Apjohn,

Dublin Hyspital Reports, Vol. V.
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