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ORGANIC CHEMISTRY

APPLIED TO

PHYSIOLOGY AND PATHOLOGY.

-

I. Ix the animal ovum, as well as in the seed of a
plant, we recognise a certain remarkable force, the
source of growth, or increase in the mass, and of re-
production, or of supply of the matter consumed; a
force in a state of rest. By the action of external in-
fluences, by impregnation, by the presence of air and
moisture, the condition of static equilibrium of this
force is disturbed ; entering into a state of motion or
activity, it exhibits itself in the production of a series
of forms, which, although occasionally bounded by
right lines, are yet widely distinct- from geometrical

forms, such as we observe in crystallized minerals. =~

This force is called the vital force, vis vite or vitality.

The increase of mass in awpl.ant is determined by the
occurrence of a decomposition which takes place in
certain parts of the plant under the influence of light
and heat.

In the vital process, as it goes on in vegetables, it
is exclusively inorganic matter which undergoes this
decomposition ; and if, with the most distinguished min-

1



2 VEGETABLE AND

eralogists, we consider atmospherical air and certain
other gases as minerals, it may be said that the vital pro-
cess in vegetables accomplishes the transformation of
mineral substances into an organism endued with life ;
that the mineral becomes part:of an organ possessing
vital force.

- The increase of mass in a living plmt fmplies that
certain component parts of its nourishment become
component parts of the plant ; and a comparison of the
chemical composition of the plant with that of its nour-
ishmest malies known to us, with ‘positive certaiaty,
which of the component parts of the latter have been
essimilated, and which bave been rejected.

‘The observations of vegetable physiolegists and the

researches of chemists have mutually eontributed to es-
tablish the fact, that the growth and development of
vegetables depend on the elimimation of oxygen, which
is separated from the other compopent parts of their
Bourishment.
- In contradistinction to vegetable life, the life of ani-
mals exhibits itself in the contmual absorptien of the
oxygen of the air, and its combiration with certain com~
ponent parts of the animal body.

While no part. of an organized being cam serve as
fdod to vegetables, antil, by the processes of putrefac-
tion and decay, it has assumed the form of inorgsmic
matter, the animal organism requires, for its support and:
development, highly organized atoms. The food of all
animals, in alf circumstances, consists of parts of or-
ganisms.




ANTMAL LIFE. 3

Animals are distinguished from vegetables by the fac-
ulty of locomotion, aad, in general, by the possession
of senses.

'The existence and activity of these distinguishing
faouties depend on certain instruments which are never
found i vegetables. Comparative anatomy shows, that
the phenomena of motion and sensation depend on
certain kinds of apparatus, which have no other relation
to each other tham this, that they meet in a common
centre. The substance of the spinal marrow, the
nerves, and the brain, is, in its composition, and in its
chemical characters, essentially distinct from that of
whnich cellular substance, membranes, muscles, and skin
are composed. ' '

Every thing in the asnimal organism, to which the
mame of motion can be applied, proceeds from the ner-
veus apparatus. The phenomena of motion in vegeta-
bles, the circulation of the sap, for example, observed
in many of the characes, and the closing of flowers and
leaves, -depend on physical and mechanical causes. A
plant is destitute of nerves. Heat and light are the
remote causes of motion in vegetables ; but in animals
we recognise in the nervous apparatus a source of
power, capable of renewing itself at every moment of
their existence. '

'While the assimilation of food in vegetables, and the
whole process of their formation, are dependent on cer-
tain external influences which produce motion, the
development of the animal organism is, to a certain
extent, independent of these external influences, just

Kl



4 ASSIMILATION THE RESULT

because the animal body can produce within itself that
source of motion, which is indispensable to the vital
process. -

Assimilation, or the process of formation and growth,
—in other words, the passage of matter from a state
of motion to that of rest,— goes on in the same way
in animals and in vegetables. In both, the same cause
determines the increase of mass. This constitutes the
true vegetative life, which is carried on without con-
sciousness.

The activity of vegetative life manifests itself, in
vegetables, with the aid of external influences ; in ani-
mals, by means of influences produced within their
organism. Digestion, circulation, secretion, are no
doubt under the influence of the nervous system ; but
the force which gives to the germ, the leaf, and the rad-
ical fibres of the vegetable the same wonderful proper-
ties, is the same as that residing in the secreting mem-
branes and glands of animals, and which ‘enables every
animal organ to perform its own proper function. It is

: ;Lonly the source of motion that differs in the two great
* ¢lasses of organized beings.

‘While the organs of the vital motions are never
wanting in the lowest orders of animals, as in the im-
pregnated germ of the ovum, in which they are devel-
oped first of all, we find, in the higher orders of ani-
mals, peculiar organs of feeling and sensation, of con-
sciousness and of a higher intellectual existence.

Pathology informs us, that the true vegetative life is
in no way dependent on the presence of this apparatus ;




OF CHEMICAL FORCES. 5

-

that the process of nutrition proceeds in these parts of
the body where the nerves of sensation and voluntary
motion are paralyzed, exactly in the same way as in
other parts where these nerves are in the normal condi-
tion ; and, on the other hand, that the most energetic
volition is incapable of exerting any influence on the
contractions of the heart, on the motion of the intes-
tines, or on the processes of secretion.

The higher phenomena of mental existence canmot, "
in the present state of science, be referred to their
proximate, and still less to their ultimate causes. We
only know of them, that they exist ; we ascribe them to
an immaterial agency, and that, in so far as its manifes«
tations are connected with matter, an agency entirely |
distinct from the vital force, with which it has nothing in ,
common.

It cannot be denied, that this peculiar force exercises
a certain influence on the activity of vegetative life,
just as other immaterial agents, such as Light, Heat,
Electricity, and Magnetism do ; but this influence is not .-
of a determinative Kind, and manifests itself only as an
acceleration, a retarding, or a disturbance of the proe
cess of vegetative life. In a manner exactly analogous,
the vegetative life reacts on the conscious mental ex-
istence.

There are thus two forces, which are found in activity
together ; but consciousness and intellect may be ab-
sent in animals as they are in living vegetables, without
their vitality being otherwise affected than by the want
of a peculiar source of increased energy or of disturbe

1%



6 VITALITY INDEPENDENT

ance. Except in regard to this, all the vital chemical
processes go on precisely in the same way in man and
in the lower animals.
- The efforts of philosophers, constantly renewed, to
V/ penetrate the relations of the soul to animal life, have
all along retarded the progress of physiology. In this
attempt men left the province of philosophical research
for that of fancy; physiologists, carried away by ima-
gination, were far from being acquainted with the laws
of purely animal life. None of them had a clear con-
ception of the process of development and nutrition, or
of the true cause of death. They professed to explain
the most obscure psychological phenomena, and yet
they were unable to say what fever is, and in what way
quinine acts in curing it.

For the purpose of investigating the laws of vital
motion in the animal body, only one condition, namely,
the knowledge of the apparatus which serves for its
production, was ascertained ; but the substance of the
(;rgans, the changes which food undergoes in the living
body, its transformation into portions of organs, and its
re-conversion into lifeless compounds, the share which
the atmosphere takes in the processes of vitality ; all
these foundations for future conclusions were still
wanting.

‘What has the soul, what have consciousness and
intellect, to do with the development of the human
feetus, or the feetus in a fowl’s egg ? not more, surely,
than with the development of the seeds of a plant.
Let us first endeavor to refer to their ultimate causes



OF CONSCIOUSNESS AND INTELLECT. v

those phenomena of life which are not psychological ;
and let us beware of drawing conclusions before we
have a groundwork. We know exactly the mechanism
of the eye; but neither anatomy nor chemistry will 4
ever explain how the Yays of light act on conscious-
ness, so as to produce vision. Natural science hasq'
fixed limits which cannot be passed ; and it must always
be borne in mind that, with all our discoveries, we shall.
never know what light, electricity, and magnetism areq’i
their essence, because, even of those things which are
material, the human intellect has only conceptions.
We can ascertain, however, the laws which regulate
their motion ‘and rest, because these are manifested in
phenomena. " In Iike manner, the laws of vitality, and
of all that disturbs, promotes, or alters it, may certainly < 4
be discovered, although we shall never learn what life ‘
is. Thus, the discovery of the laws of gravitation and
of the planetary motions led to an entirely new concep-
tion of the cause of these phenomena. This concep-
tion could not have been formed in all its clearness
without a knowledge of the phenomena out of which it
was evolved ; for, considered by itself, gravity, like
light to one born blind, is a mere word, devoid of
meaning,. o
The modern science of physiology has left the track
of Aristotle. To the eternal advantage of science, and
to the benefit of mankind, it no longer invents a horror
vacui, a quinia essentia, in order to furnish credulous
hearers with solutions and explanations of phenomena,

~
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8 LAWS OF THE

whose true connexion with others, whose ultimate cause,
is still unknown.

If we assume, that all the phenomena exhibited by
the organism of plants and animals are to be ascribed to
a peculiar cause, different in its “manifestations from all
other causes which produce motion or change of condi-
tion ; if, therefore, we regard the vital foree as an in- >
dependent force, then, in the phenomena of organie
life, as in all other phenomena ascribed to the action of
forces, we have the statics, that is, the state of equilib-
rium determined by a resistance, and the dwﬂmi\cs, of
the vital force.

- All the parts of the animal body are produced from &
peculiar fluid, circulating in its organism, by virtue of
an influence residing in every cell, in every organ, ar
part of an organ. Physiology teaches, that all parts of
the body were originally blood; or that at least they
were brought to the growing organs by means of this
fluid. '

The most ordinary experience further shows, that at
each moment of life, in the animal organism, a continued
change of matter, more or less accelerated, is going on ;
that & part of the structure is transformed into unorgan-
ized matter, loses its condition of life, and must be
again renewed. Physiology has sufficiently decisive
grounds for the opinion, that every motion, every mani-

>§station of force, is the result of a transformation of
the structure or of its substance ; that every concep-
tion, every mental affection, is followed by changes in.
the chemical nature of the secreted fluids ; that every
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thought, every sensation, is accompanied by a change in
the composition of the substance of the brain.

In order to keep up the phenomena of life in animals,
certain matters are required, parts of organisms, which
we call nourishment. In consequence of a series of
alterations, they serve either for the increase of the
mass (nutrition), or for the supply of the matter con-
sumed (réproduction), or, finally, for the production of
force.

II. If the first condition of animal life be the assimi-
lation of what is commonly called nourishment, the
second is a continual absorption of oxygen from the
atmosphere.

Viewed as an object of scientific research, animal
life exhibits itself in a series of phenomena, the con-
nexion and recurrence of which are determined by the
changes which the food and the oxygen absorbed from
the atmosphere undergo in the organisin under the influ-
ence of the vital force.

All vital activity arises from the mutual action of.
the oxygen of the atmosphere and the elements of
the food.

In the processes of nutrition and reproduction, we
perceive the passage of matter from the state of motion
to that of rest (static equilibrium) ; under the influence
of the nervous system, this matter enters again into a
state of motion. The ultimate causes of these different
conditions of the vital force are chemical forces.

The cause of the state of rest is a resistance, deter-
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10 NUTRITION AND REPRODUCTION

mined by a force of attraction (combination), which
acts between the smallest particles of matter, and is
manifested only when these are in actual contact, or at
infinitely small distances.

To this peculiar kind of attraction we may of course
apply different names ; but the chemist calls it affinity.

The cause of the state of motion is to be found in @
series of changes, which the food undergoes in the or-
ganism, and these are the results of processes of de-
composition, to which either the food itself, or the
structures formed from it, or parts of organs, are sub-
jected. -

‘The distinguishing character of vegetable life is a
continued passage of matter from the state of motion 6
that of static equilibrium. While a plant lives, we
cannot perceive any cessation in its growth ; no part of
an organ in the plant diminishes in size. If decompo-
sition octur, it is the result of assimilation. A plant
produces within itself no cause of motion ; no part of
its structure, from any influence residing in its organism,
loses its state of vitality, and is converted into unorgan-
ized, amorphous compounds; in a word, no waste
occurs in vegetables. Waste, in the animal body, is a
change in the state or in the composition of some of
its parms, and consequently is the result of chemical
actions. ‘ '

The influence of poisons and of remedial agents on
the living animal body evidently shows, that the chemical
decompositions and combinations 1n the body, which
manifest themselves in the phenomena of vitality, may




DEPEND ON CHEMICAL CHANGES. 1l

be increased in intensity by chemieal forces of analogous
character, and retarded or put an ead to by these of
opposite character ; and that we are emabled to exercise
an influence on every part of an orgam by means of sub-
stances possessing a well-defined ehemical actien.

As, in the elosed galvanic circuit, it conseqeeénce of
certain changes which an inorganic bedy, 2 metal, un- -
dergoes when placed in contact with an aeid, a certain
something becomes cognizable by our senses, whieh we
call a eurrent of eleetricity ; so, in the animal bedy, in
eonsequence of transformations and changes undergome
by matter previously eonstituting a part of the organism, ’
eertain phenomena of motior and activity are perceived,
and these we call life, or vitality.

The electrical current manifests itself #n eertain pbe-
pomena of attraction and repulsion, which it excites in
other bodies naturally eotionless, and by the phenmom- .
ena of the formation and decompesition of chemical
compounds, which occur everywhere, when the resist-
ance is not sufficient to arrest the current.

It is fromy this point of view, and from no other, that - -
chemistry ought to contemplate the phenomena of life.
Wonders surround us on every side. The formation
of a crystal, of an oetshedron, is not less incompre- ..
hensible than the production of a leaf or of a museular
fibre ; and the production of vermilion, from mercury
and sulphur, is as much an enigme as the formatien of
am eye from the substance of the blood. ’

The first conditions of animal life are nutritions mate
ters and oxygen, introduced into the system.



12 OXYGEN REQUIRED

At every moment of his life man is taking oxygen
into his system, by means of the organs of respiration ;
no pause is observable while life continues.

The observations of physiologists have shown; that
the body of an adult man, supplied with sufficient food,
bas neither increased nor diminished in weight at the
end of twenty-four hours ; yet the quantity of oxygen
taken into the system during this period is very consid-
erable. '

According to the experiments of Lavoisier, an adult
man takes into his system, from the atmosphere, in one
year, 746 lbs., according to Menzies, 837 lbs. of exy-
gen ; yet we find his weight, at the beginning and end
of the year, either quite the same, or differing, one way
or the other, by at most a few pounds.(1)*

‘What, it may be asked, has become of the enormous
weight of oxygen thus introduced, in the course of a
year, into the human system ?

This question may be answered satisfactorily : no
part of this oxygen remains in the system; but it is
given out again in the form of a compound of carbon or
of hydrogen.

The carbon and hydrogen of certain parts of the
body have entered into combination with the oxygen
introduced through the lungs and through the skin, and
have been given out in the forms of carbonic acid gas
and the vapor of water.

At every moment, with every expiration, certain
quantities of its elements separate from the animal or-

* The Numbers refer to the Appendix.
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ganism, after having entered into combination, ‘within
the body, with the oxygen of the atmosphere. -

If we assume, with Lavoisier and Séguin, in order
to obtain a foundation for our calculation, that an adult
man receives into his system daily 32} oz. (46,037 cu-
bic inches = 15,661 grains, French weight) of oxygen,
and that the weight of the whole mass of his blood, of
.which 80 per cent. is water, is 24 lbs. ; it then appears,
from the known composition. of the blood, that, in order
to convert the whole of its carbon and hydrogen into
carbonic acid and water, 64,103 grains of oxygen are
required. 'This quantity will be taken into the system
of an adult in four days two hours. (s) '

‘Whether this oxygen enters into combination with
the elements of the blood, or with other parts of the
body containing carbon and hydrogen, in either case
the conclusion is inevitable, that the body of & man,
who daily takes into the system 32} oz. of oxygen, must
receive daily in the shape of nourishment, as much car-
bon and hydrogen as would suffice to supply 24 Ibs. of
blood with these elements ; it being presupposed that
the weight of the body remaips unchanged, and that it
retains its normal condition as to health. ’

This supply is furnished in the food.

From the accurate determination of the quantity of
carbon daily teken into the system in the food, as well
as of that proportion of it which passes out of the body
in the feces and urine, unburned, that is, in some form
in which it is not combined with oxygen, it appears that

2 :



14 OXYGEN OOMBINES WITH *

an adult, taking moderate exercise, ‘consumes 13.9 os.
of carbon daily.(3) (A)

These 188 oz. of carbon escape through the skin
and lungg, as carbonio acid gas. .

For eonversion into carbonic acid gas, 133 oz. of
earbon require 37 oz. of oxygen.

According to the analyses of Boussingault (Ann. de Ch.
et de Ph. LXXI. p. 186), a horse consumes in twenty-
four hours 97} oz. of carbon, a milch cow 693 oz.
The quantities of carbon here mentioned are those given
off from the bodies of these animals in the form of
‘earbonic acid ; and it appears from them that the horse
consumes, in converting carbon into carbonic acid,
13 1bs. 3} oz. in twenty-four hours, and the milch cow
11 Ibs. 103 oz. of oxygen in the same time. (4)

Since no part of the oxygen taken into the system is
again given off in any other form but that of a com-
pound of oarbon or hydrogen ; sinee, further, the -car-
‘bon and hydrogen given off are, in a nermal condition
of health, replaced by carbon and hydrogen supplied in
the food, it is clear, that-the amount of nourishment re-
quired for its support by the animal body must be in a
direct ratio to the quantlty of oxygen taken into the
system.

Two animals, which in equal times take up by means
of the lungs and skin unequal quantities of oxygen,
consume quantities of the same nourishment, which are
wmequal in the same ratio.

The consumption of oxygen in equal times may be
expressed by the number of respirations ; it is clear
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that, in the same individual, the quantity of nourishment
required roust vary with the force and number of the
respirations.

A child, in whom the organs of respiration are natural-
lyin a state of great activity, requires food oftener, and in
greater proportion to its bulk, than an adult, and bears
hunger less easily. A bird, deprived of food, dies on
the third day, while a serpent, which, if kept under a
bell-jar, hardly consumes in an hour so much oxygen as
that we can detect the carbonic acid produced, can live
without food three months and longer.

The number of respirations is smaller in a state of
rest than during exercise or work. The quantity of food
necessary in both conditions must vary in the same ratio.

An excess of food is incompatible with deficiency
in respired oxygen, that is, with deficient exercise ; just
as violent exercise, which implies an increased supply
of food, is incompatible with weak digestive organs. In
either case the health suffers.

But the quantity of oxygen which an animal takes up
by the lungs, depends not only on the number of respi-
rations ; it is also affected by the temperature and densi-
ty of the atmosphere.

The capacity of the chest in an animal is a constant
quantity. At every respiration a quantity of air enters,
the volume of which may be considered as uniform ; but
its weight, and that of the oxygen it contains, is not
constant.  Air is expanded by heat, and contracted
by cold, and equal volumes of hot and cold air contain
unequal weights of oxygen. In summer air contains
aqueous vapar, in winter it is dry ; the space occupied
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by vapor in warm air is filled by air itself in winter ; it
contains, for the same volume, more oxygen in winter
than in summer. In summer and in winter, at the pole
and at the equator, we respire an equal volume of air ;
the cold air warmed during respiration in the air passages
and pulmonary cells, acquires the temperature of the
body. To introduce into the lungs a given volume of
oxygen, less expenditure of force is necessary in winter ;
and for the same force, more oxygen is inspired.

In an equal number of respirations we consume more
oxygen at the level of the sea than on a mountain. The
quantity both of oxygen inspired and of carbonic acid ex-
pired, must therefore vary with the height of the barometer.

The oxygen taken into the system is given out again
in the same forms, whether in summer or in winter;
hence we expire more carbon in cold weather, and when
the barometer is high, than we do in warm weather ;
and we must consume more or less carbon in our food
in the same proportion ; in Sweden more than in Sicily ;
and in our more temperate climate a full eighth more in
winter than in summer.

Even when we consume equal weights of food in
cold and warm countries, infinite wisdom has so ar-
ranged, that the articles of food in different climates
are most unequal in the proportion of carbon they con-
tain. The fruits on which the natives of the south
prefer to feed do not in the fresh state contain more
than 12 per cent. of carbon, while the bacon and train
oil used by the inhabitants of the arctic regions contain
from 66 to 80 per cent. of carbon.

It is no difficult matter, in warm climates, to study
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moderation in eating, and men can bear hunger for a
long time under the equator ; but cold and hunger united
very soon exhaust the body,

The mutual action between the elements of the v
food and the oxygen conveyed by the circulation of the
blood to every part of the body is THE 80URCE OF aN-
IMAL HEAT.

III. All living creatures, whose existence depends
on the absorption of oxygen, possess within them-
selves a source of heat independent of surrounding
objects.

This truth applies to all animals, and extends, be-
sides, to the germination of seeds, to the flowering of
plants, and to the maturation of fruits.

It is only in those parts of the body to which arterial
blood, and with it the oxygen absorbed in respiration, is
conveyed, that heat is produced. Hair, wool, or feath-
ers do not possess an elevated temperature.

This high temperature of the animal body, or, as it
may be called, disengagement of heat, is uniformly and
under all circumstances the result of the combination of
a combustible substance with oxygen.

In whatever way carbon may combine with oxygen,
the act of combination cannot take place without the
disengagement of heat. It is a matter of indifference
whether the combination take place rapidly or slowly, at
a high or at a low temperature ; the amount of heat
liberated is a constant quantity.

The carbon of the food, which is converted into car-

2%
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bonic acid within- the body, must give out exactly as
much heat as if it had been directly burnt in the air or
in oxygen gas ; the only difference is, that the amount
of heat produced is diffused over unequal times. In
oxygen, the combustion is more rapid, and the heat
more intense ; in air it is slower, the temperature is not
so high, but it continues longer.

It is obvious that the amount of heat liberated must
increase or diminish with the quantity of oxygen intro-
.duced in equal times by respiration. Those animals
which respire frequently, and consequently consume
much oxygen, possess a higher temperature than others,
which, with a body of equal size to be heated, take into
the system less oxygen. The temperature of a child
(102°) is higher than that of an adult (99:5°). That
of birds (104° to 105-4°) is higher than that of quad-
rupeds (98:5° to 100-4°), or than that of fishes or am-
phibia, whose proper temperature is from 2-7° to 3-6°
higher than that of the medium in which they live. All
animals, strictly speaking, are warm-blooded ; but in
those only which possess lungs is the temperature of the
body quite independent of the surrounding medium.(s)

The most trustworthy observations prove that in all
climates, in the temperate zones as well as at the equa-
tor or the poles, the temperature of the body in man,
and in what are comnmonly called warm-blooded animals,
is invariably the same ; yet how different are the cir-
cumstances under which they live !

The animal body is a heated mass, which bears the
same relation to surrounding objects as any other heated
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mass. It receives heat when the surrounding objects
are hotter, it loses heat when they are colder, than
itself. :

‘We know that the rapidity of cooling increases with
the difference between the temperature of the heated
body and that of the surrounding medium ; that is, the
colder the surrounding medium the shorter the time re-
quired for the cooling of the heated body.

How unequal, then, must be the loss of heat in a
man at Palermo, where the external temperature is
pearly equal to that of the body, and in the polar re-
gions, where the external temperature is from 70° to
90° lower.

Yet, notwithstanding this extremely unequal loss of
heat, experience has shown, that the blood of the in-
habitant of the arctic circle has a temperature as high as
that of a native of the south, who lives in so different a
medium. ‘

This fact, when its true significance is perceived,
proves that the heat given off to the surrounding medi-
um is restored within the body with great rapidity.
This compensation takes place more rapidly in winter
than in summer, at the pole than at the equator.

Now, in different climates the quantity of oxygen .
introduced into the system by respiration, as has been
already shown, varies according to the temperature
of the external air ; the quantity of inspired oxygen in-
creases with the loss of heat by external cooling, and
the quantity of carbon or hydrogen necessary to com-
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bine with this oxygen must be increased in the same
ratio.

It is evident, that the supply of the heat lost by cool-
ing is effected by the mutual action of the elements of
the food and the inspired oxygen, which combine to-

_gether. To make use of a familiar, but not on that
account a less just illustration, the animal body acts, in
this respect, as a furnace, which we supply with fuel.
It signifies nothing what intermediate forms food may
assume, what changes it may undergo in the body, the
Jast change is uniformly the conversion of its carbon into
carbonic acid, and of its hydrogen into water; the un-
assimilated nitrogen of the food, along with the unburned
or unoxidized carbon, is expelled in the urine or in the
solid excrements. In order to keep up in the furnace
a constant temperature, we must vary the supply of fuel
according to the external temperature, that is, according
to the supply of oxygen.

In the animal body the food is the fuel ; with a proper
supply of oxygen we obtain the heat given out during
its oxidation or combustion. In winter, when we take
exercise in a cold atmosphere, and when consequently
the amount of inspired oxygen increases, the necessity
for food containing carbon and hydrogen increases in the
same ratio ; and by gratifying the appetite thus excited,
we obtain the most efficient protection against the most
piercing cold. A starving man is soon frozen to death;
and every one knows, that the animals of prey in the
arctic regions far exceed in voracity those of the torrid
zone.
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In cold and temperate climates, the air, which inces- .

-santly; strives to consume the body, urges man to labori-
ous efforts in order to furnish the means of resistance to
its action, while, in hot climates, the necessity of labor
to provide food is far less urgent. )

Our clothing is merely an equivalent for a certain
amount of food. The more warmly we are clothed the
less urgent becomes the appetite for food, because the
loss of heat by- cooling, and consequently the amount
of heat to be supplied by the food, is diminished. -

If we were to go naked, like certain savage tribes, or
if in hunting or fishing we were exposed to the same

degree of cold as the Samoyedes, we should be able’

with ease to consume 10 Ibs. of flesh, and perhaps a
dozen of tallow candles into the bargain, daily, as warm-
ly clad travellers have related with astonishment of these
people. We should then also be able to take the same
quantity of brandy or train oil without bad effects, be-
cause the carbon and hydrogen of these substances
would only suffice to keep up the equilibrium between
the external temperature and that of our bodies. L

According to the'preceding expositions, the quantity
of food is regulated by the number of respirations, by
the temperature of the air, and by the amount of heat
given off to the surrounding medium.

No isolated fact, apparently opposed to this statement
can affect the truth of this natural law. Without tem-
porary or permanent injury to health, the Neapolitan
cannot take more carbon and hydrogen in the shape of
food than he expires as carbonic acid and water ; and
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the Esquimaux cannot expire more carbon and hydrogen
than he takes into the system as food, unless in a state
of disease or of starvation.. Let us examine these states
a little more closely.

The Englishman in Jamaica sees with regret the dis-
appearance of his appetite, previously a source of fre-
quently recurring enjoyment ; and he succeeds, by the
use of cayenne pepper and the most powerful stimulants,
in enabling himself to take as much food as he was ac-
customed to eat at home. But the whole of the carbon
thus introduced into the system is not consumed ; the
temperature of the air is too high, and the oppressive
heat does not allow him to increase the number of res-
pirations by active exercise, and thus to proportion the
waste to the amount of food taken ; disease of some
kind, therefore, ensues.

On the other hand, England sends her sick, whose
diseased digestive organs have in a greater or less de-
gree lost the power of bringing the food into that state
in which it is best adapted for oxidation, and therefore
furnish less resistance to the oxidizing agency of the
atmosphere than is required in their native climate, to
southern regions, where the amount of inspired oxygen
is diminished in so great a proportion ; and the result,
an improvement in the health, is obvious. The dis-
eased organs of digestion have sufficient power to place
the diminished amount of food in equilibrium with the
inspired oxygen ; in the colder climate, the organs of
respiration themselves would have been consumed in
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furnishing the necessary resistance to the action of the
atmospheric oxygen. 4

In our climate, hepatic diseases, or those arising from
excess of carbon, prevail in summer ; in winter, pul-
monic diseases, or those arising from excess of oxygen,
are more frequent.

The cooling of the body, by whatever cause it may
_ be produced, increases the amount of food necessary.
The mere exposure to the open air, in a carriage or on
the deck of a ship, by increasing radiation and vaporiza-
tion, increases the loss of heat, and compels us to eat
more than usual. The same is true of those who are
accustomed to drink large quantities of cold water,
which is given off at the temperature of the body, 98-5°.
-It increases the appetite, and persons of weak constitu-
tion find it necessary, by continued exercise, to supply
to the system the oxygen required to restore the heat
abstracted by the cold water. Loud and long continued
speaking, the crying of infants, moist air, all exert a
-decided and appreciable influence on the amount of food
which is taken.

IV. In the foregoing pages, it has been assumed, that
it is especially carbon and hydrogen, which, by com-
bining with oxygen, serve to produce animal heat. In-
fact, observation proves that the hydrogen of the food
plays a not less important part than the carbon.

The whole process of respiration appears most clear-
ly developed, when we consider the state of a man, or
other animal, totally deprived of food.





