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CONSUMED BY ANIMALS. 37

and after the experiment. In experiments thus
conducted, it has been found that the animal lost
about % more heat than corresponded to the oxygen
consumed ; and had the windpipe of the animal
been tied, the strange result would have been ob-
tained of a rise in the temperature of the water
without any consumption of oxygen. The animal
was at the temperature of 98° or 99°, and the
water, in the experiments of Despretz, was at 47:5°.
Such experiments consequently prove, that when
a great difference exists between the temperature
of the animal body and that of the surroun ling
medium, and when no motion is allowed, more
heat is given off than corresponds to the oxygen
consumed. In equal times, with free and unim-
peded motion, a much larger quantity of oxygen
would be consumed without a perceptible increase
in the amount of heat lost. The cause of these
phenomena is obvious. They appear naturally
both in man and animals at certain seasons of the
year, and we say in such cases that we are
freezing, or experience the sensation of cold. It
is plain, that if we were to clothe a2 man in a
metallic dress, and tie up his bands and feet, the
less of heat, for the same consumption of oxygen,
would be far greater than if we were to wrap him
up in fur and woollen cloth. Nay, in the latter
case, we should see him begin to perspire, and
warm water would exude, in drops, through the
finest pores of his skin. o
If to these considerations we add, that decisive
1






VEGETATIVE LIFE. 39

In a young animal, the waste is less than the
increase ; and the female retains, up to a certain

age, this peculiar condition of a more intense vege-
tative life. This condition does not cease in the
female as in the male, with the complete develop-
ment of all the organs of the body.

The female in the lower animals, is, at certain
seasons, capable of reproduction of the species.
The vegetative life in her organism is rendered
“more Intense by certain external conditions, such
as temperature, food, &c.; the organism produces
more than is wasted, and the result is the capacity
of reproduction.

In the human species, the female organism is
independent of those external causes which increase
the iutensity of vegetative life. When the organ-
ism is fully developed, it is at all times capable of
reproduction of the species; and infinite wisdom
has given to the female body the power, up to a cer-
tain age, of producing all parts of its organisation in
greater quantity than is required to supply the daily
waste.

This excess of production can be shown to contain
all the elements of a new organism, it is constantly
accumulating, and is periodically expelled from the
body, until it is expended in reproduction. This
periodical discharge ceases when the ovumn has been
impregnated, and from this time every drop of the
superabundant blood goes to produce an organism
like that of the mother.

Exercise and labor cause a diminution in the
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quantity of the menstrual discharge ; and when itis
suppressed in consequence of disease, the vegeta-
tive life is manifested in a morbid production of fat.
When the equilibrium between the vegetative
and nervous life is distarbed in the male, when,
as in eunuchs, the intensity of the latter is
diminished, the predominance of the former is
shown in the same form, in an increased deposit

of fat.

VIIL. If we hold, that increase of mass in the
animal body, the development of its organs, and
the supply of waste,—that all this is dependant on
the blood, that is, on the ingredients of the blood,
then only those substances can properly be called
nutritious, or considered as food which are capable
of conversion into blood. To determine, therefore,
what substances are capable of affording nourish-
ment, it is only necessary to ascertain the composi-
tion of the food, and to compare it with that of the
ingredients of the blood.

Two substances require especial consideration as
the chief ingredients of the blood ; one of these
separates immediately from the blood when with-
drawn from the circulation. It is well known that
in this case blood coagulates, and separates into a
yellowish liquid, the serum of the blood, and a gela-
tinous mass, which adheres to a rod or stick in soft,
elastic fibres, when coagulating blood is briskly
stirred. This is the fibrine of the blood, which is
identical in all its properties with muscular fibre,









FIBRINE AND ALBUMEN. 43

is destitute of nitrogen; all of them contain like-
wise carbon and the elements of water, the lattei-,
however, in no case in the proportion to form
water.

The chief ingredients of the blood contain
nearly 17 per cent. of nitrogen, and no part of an
organ contains less than 17 per cent. of nitro-
gen. (7)

The most convincing experiments and observa-
tions have proved that the animal body is absolute-
ly incapable of producing an elementary body, such
as carbon or nitrogen, out of substances which do
not contain it; and it obviously follows, that all
kinds of food fit for the production either of blood,
or of cellular tissue, membranes, skin, hair, muscu-
lar fibre, &c., must contain a certain amount of
nitrogen, because that element is essential to the
composition of the above named organs; because
the organs cannot create it from the other elements
presented to them ; and, finally, because no nitro-
gen 1s absorbed from the atmosphere in the vital
process.

The substance of the brain and nerves contains a
large quantity of albumen, and, in addition to this,
two peculiar fatty acids, distinguished from other
fats by containing phosphorus (phosphoric acid 7).
One of these contains nitrogen (Frémy).

Finally, water and common fat are those ingre-
dients of the body which are destitute of nitrogen.
Both are amorphous or unorganised, and only so far
take part in the vital process as that their presence






VEGETABLE FIBRINE. 45

From what substances, it may be asked, is the
blood formed, by means of which their organs are
developed ? This question may be answered with
certainty.

Chemical researches have shown, that all such
parts of vegetables as can afford nutriment to ani-
mals contain certain constituents which are rich in
nitrogen ; and the most ordinary experience proves
that animals require for their support and nutrition
less of these parts of plantsin proportion as they
abound in the nitrogenised constituents. Animals
cannot be fed on matters destitute of these nitro-
genised constituents.

These important products of vegetation are es-
pecially abundant in the seeds of the different kinds
of grain, and of pease, beans, and lentils; in the
roots and the juices of what are commonly called
vegetables. They exist, however, in all plants,
without exception, and in every part of plants in
larger or smaller quantity.

These nitrogenised forms of nutriment in the
vegetable kingdom may be reduced to three substan-
ces, which are easily distinguished by their external
characters. Two of them are soluble in water, the
third is insoluble.

When the newly-expressed juices of vegetables
are allowed to stand, a separation takes place
in a few minutes. A gelatinous precipitate,
commonly of a green tinge, is deposited, and this,
when acted on by liquids which remove the colour-
ing matter, leaves a grayish white substance, well
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This is vegetable albumen. 1t is found in the great-
est abundance in certain seeds, in nuts, almonds,
and others, in which the starch of the graminez is
replaced by oil.

The third nitrogenised constituent of the vege-
table food of animals is vegetable caseine. It is
chiefly found in the seeds of pease, beans, lentils,
and similar leguminous seeds. Like vegetable
albumen, it 1s soluble 1n water, but differs trom it
in this, that its solution is not coagulated by heat.
When the solution is heated or evaporated, a
skin forms on its surface, and the addition of an
acid causes a coagulum, just as in animal milk.

These three nitrogenised compounds, vegetable
fibrine, albumen, and caseine, are the true nitro-
genised constituents of the food of graminivorous
animals ; all other nitrogenised compounds, occur-
ring in plants, are either rejected by animals, as 1n
the case of the characteristic principles of poisonous
and medicinal plants, or else they occur in the food
in such very small proportion, that they cannot
possibly contribute to the increase of mass in the
animal body.

The chemical analysis of these three substances
has led to the very interesting result that they
contain the same organic elements, united in the
same proportion by weight; and, what is still
more remarkable, that they are identical in com-
position with the chief constituents of blood, ani-
mal fibrine, and albumen. They all three dissolve
in concentrated muriatic acid with the same deep
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purple colour, and even in their physical charac-
ters, animal fibrine and albumen are in no respect
different from vegetable fibrine and albumen. It
is especially to be noticed, that by the phrase,
identity of composition, we do mnot here imply
mere similarity, but that even in regard to the
presence and relative amount of sulphur, phos-
phorus, and phosphate of lime, no difference can
be abserved. (8) |

How beautifully and admirably simple, with the
aid of these discoveries, appears the process of
nutrition in animals, the formation of their organs,
in which vitality chiefly resides! Those vegeta-
ble principles, which in animals are used to form
blood, contain the chief constituernts of blood,
fibrine and albumen, ready formed, as far as re-
gards their composition. All plants, besides, con-
tain a certain quantity of iron, which re-appears
in the colouring matter of the blood. Vegetable
fibrine and animal fibrine, vegetable albumen and
animal albumen, hardly differ, even in form; if
these principles be wanting in the food, the nu-
trition of the animal is arrested ; and when they
are present, the graminivorous animal obtains in
its food the very same principles on the presence
of which the nutrition of the carnivora entirely
depends.

Vegetables produce in their organism the blood
of all animals, for the carnivora, in consuming the
blood and flesh of the gruminivora, consume, strictly

speaking, only the vegetable principles which have






















USES OF CARBON IN THEIR FOOD. 55

ammonia. In like manner, the feeces in lions
and tigers are scanty and dry, consisting chiefly
of bone earth, with mere traces of compounds
containing carbon; but their urine contains, not
urate of ammonia, but urea, a compound 1n
which carbon and nitrogen are to each other
in the same ratio as in nmeutral carbonate of am-
monia.

Assuming that their food (flesh, &c.) contains
carbon and nitrogen in the ratio of eight equivalents
to one, we find these elements in their urine in the
ratio of one equivalent to one ; a smaller proportion
of carbon, therefore, than in serpents, in which
respiration is so much less active.

The whole of the carbon and hydrogen which the
food of these animals contained, beyond the amount
which we find in their excrements, has disappeared,
in the process of respiration, as carbonic acid and
water.

Had the animal food been burned in a furnace,.
the change produced in it would only have differed
in the form of combination assumed by the nitrogen
from that which it underwent in the body of the
animal. The nitrogen would have appeared, with
part of the carbon and hydrogen, as carbonate of
‘ammonia, while the rest of the carbon and hydrogen
would have formed carbonic acid and water. The
incombustible parts would have taken the form of
ashes, and any part of the carbon unconsumed from
a deficiency of oxygen would have appeared as
soot, or lamp-black. Now the solid excrements are


















UNDERGOES COMBUSTION. 61

the metamorphosed tissues; this carbon disap-
pears in the animal body, and the bile likewise
disappears in the vital process. Its carbon and
hydrogen are given out thrcugh the skin and
lungs as carbonic acid and water; and hence it
is obvious that the elements of the bile serve for
respiration and for the production of animal heat.
Every part of the food of carnivorous animals
is capable of forming blood; their excrements,
excluding the urine, contain only inorganic sub-
stances, such as phosphate of lime ; and the small
quantity of organic matter which is found mixed
with these is derived from excretions, the use of
which is to promote their passage through the in-
testines, such as mucus. These excrements con-
tain no bile and no soda; for water extracts from
them no trace of any substance resembling bile,
and vyet bile is very soluble in water, and mixes
with it in every proportion.

Physiologists can entertain no doubt as to the
origin of the constituent parts of the urine and of
the bile. When, from deprivation of food, the
stomach contracts itself so as to resemble a portion
of intestine, the gall-bladder, for want of the motion
which the full stomach gives to it, cannot pour out
the bile it contains ; hence in animals starved to
death we fine the gall-bladder ‘distended and full.
The secretion of bile and of urine goes on during
the winter sleep of hybernating animals; and we
know that the urine of dogs, fed for three weeks

exclusively on pure sugar, contains as much of the
6






AND OF THE BILE. 63

ployed in the production of blood, must, when re-
turned through the intestines into the circulation,
in like manner yield to the influence of the oxygen
which they meet. The bile is a compound of
soda, the elements of which, with the exception of
the soda, disappear in the body of a carnivorous
animal.

In the opinion of many of the most distinguished
physiologists, the bile is intended solely to be ex-
creted ; and nothing is more certain, than that
a substance containing so very small a proportion
of nitrogen can have no share in the process of
nutrition or reproduction of organised tissue.—
But quantitative physiology must at once and de-
cidedly reject the opinion, that the bile serves no
purpose in the economy, and is incapable of further
change.

No part of any organised structure contains soda ;
only in the serum of the blood, in the fat of the
brain, and 1n the bile, do we meet with that alkali.
When the compounds of soda in tlie blood are con-
verted into muscular fibre, membrane, or cellular
tissue, the soda they contain must enter into new
combinations. The blood which is transformed
into organised tissue gives up its soda to the com-
pounds formed by the metamorphoses of the pre-
viously existing tissues. In the bile we find one of
these compounds of soda.

Were the bile intended merely for excretion, we
should find it, more or less altered, and also the
soda 1t contains, in the solid excrements. But,
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phate,carbonate, and hippurate of soda. Berzelius
found in 1,000 parts of fresh human feces only nine
parts of a substance similar to bile ; 5 ounces, there-
fore, would contain only 21 grains of dried bile,
equivalent to 210 grains of fresh bile. But a man
secretes daily from 9,640 to 11,520 grains of fAuid
bile, that is, from 45 to 56 times as much as can be
detected in the matters discharged by the intestinal
canal.

Whatever opinion we may entertain of the accu-
racy of the physiological experiments, in regard to
the quantity of bile secreted by the different classes
of animals ; thus much is certain, that even the max-
imum of the supposed secretion, in man and in the
horse, does not contain as much carbon as is given
out in respiration. With all the fat which is mixed
with it, or enters into its composition, dried bile
does not contain more than 69 per cent. of carbon.
Consequently, if a horse secretes 37 lbs. of bile, this
quantity will contain only 40 ounces of carbon.
But the horse expires daily nearly twice as much in
the form of carbonic acid. A precisely similar pro-
portion holds good in man.

Along with the matter destined for the formation
or reproduction of organs, the circulation conveys
oxygen to all parts of the body. Now, into what-
ever combination the oxygen may enter in the
blood, it must be held as certain, that such of the
constituents of blood as are employed for reproduc-
tion, are not materially altered by it. In muscular
fibre we find fibrine, with all the properties it had

L#






SUPPORTS RESPIRATION. 67

The carbon of the carbonic acid given off, with
that of the urine ; the nitrogen of the urine, and the
hydrogen given off as ammonia and water; these
elements, taken together, must be exactly equal in
weight to the carbon, nitrogen, and hydrogen of the
metamorphosed tissues, and since these last are ex-
actly replaced by the food, to the carbon, nitrogen,
and hydrogen of the food. Were this not the case,
the weight of the animal could not possibly remain
unchanged.

But, in the young of the carnivora, the weight
does not remain unchanged; on the contrary,
it increases from day to day by an appreciable
quantity.

This fact presupposes, that the assimilative pro-
cess in the young animal is more energetic, more
intense, than the process of transformation in the
existing tissues. If both processes were equally ac-
tive, the weight of the body could not increase ;
and were the waste by transformation greater, the
weight of the body would decrease.

Now, the circulation in the young animal is not
weaker, but, on the contrary, more rapid ; the res-
pirations are more frequent; and, for equal bulks, the
consumption of oxygen must be greater rather than
smaller in the young than in the adult ammal.
But, since the metamorphosis of organised parts
goes on more slowly, there would ensue a deficiency
of those substances, the carbon and hydrogen of
which are adapted for combination with oxygen;
because, in the carnivora it is the new compounds,
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animal, consequently yield, in a given time, much
less carbon and hydrogen in the form adapted for
the respiratory process than corresponds to the oxy-
gen taken up in the lungs. The substance of its
organised parts would undergoa more rapid con-
sumption, and would necessarily yield to the action
of the oxygen, were not the deficiency of carbon
and hydrogen supplied from another source.

The continued increase of mass, or growth, and
the free and unimpeded development of the organs
in the young animal, are dependent on the presence
of foreign substances, which, in the nutritive pro-
cess, have no other function than to protect the
newly-formed organs from the action of the oxy-
gen. It is the elements of these substances which
unite with the oxygen ; the organs themselves could
not do so without being consumed ; that is, growth,
or increase of mass in the body, the consumption
of oxygen remaining the same, would be utterly
impossible.

The preceding considerations leave no doubt as
to the purpose for which Nature has added to the
food of the young of carnivorous mammalia sub-
stances devoid of nitrogen, which their organism
cannot employ for nutrition, strictly so called, that
is, for the production of blood ; substances which
may be entirely dispensed with in their nourishment
in the adult state. In the young of carnivorous
birds, the want of all motion is an obvious cause of
diminished waste in the organised parts; hence,
milk is not provided for them.






EASILY CONVERTED INTO SUGAR. 71

simply, as is proved by analysis, on the addition
of the elements of water. (12) All the carbon of
the starch is found in the sugar; none of its ele-
ments have been separated, and, except the ele-
ments of water, no foreign element has been added
to it in this transformation.

In many, especially in pulpy fruits, which when
unripe are sour and rough to the taste, but when
ripe are sweet, as, for example, in apples and pears,
the sugar is produced from the starch which the un-
ripe fruit contains.

If we rub unripe apples or pears on a grater to
a pulp, and wash this with cold water on a fine
sieve, the turbid liquid which passes through de-
posits a very fine flour of starch, of which not
even a trace can be detected in the ripe fruit.
Many varieties become sweet while yet on the tree;
these are the summer or early apples and pears.
Others, again, become sweet only after having been
kept for a certain period after gathering. The
after-ripening, as this change is called, is a purely
chemical process, entirely independent of the vital-
ity of the plant. When vegetation ceases, the fruit
is capable of reproducing the species, that is, the
kernel, stone, or true seed is fully ripe, but the
fleshy covering from this period is subjected to the
action of the atmosphere. Like all substances
in a state of eremacausis, or decay, it absorbs
oxygen, and gives off a certain quantity of carbonic
acid gas.

In the same way as the starch in putrefying






















































OXYGEN IS DEFICIENT. 89

a deficient supply of oxygen, for oxygen is abso-
lutely indispensable for the dissipation of the excess
of carbon in the food. This excess of carbon, de-
posited in the form of fat, is never seen in the
Bedouin or in the Arab of the desert, who exhibits
with pride to the traveller his lean, muscular, sinewy
limbs, altogether free from fat; but in prisons and
jails it appears as a puffiness in the inmates, fed,
as they are, on a poor and scanty diet; it ap-
pears in the sedentary females of oriental countries ;
and finally, it is produced under the well-known
conditions of the fattening of domestic animals.

The formation of fat depends on a deficiency of
oxygen ; but in this process, in the formation of fat
itself, there is opened up a new source of oxygen,
a new cause of animal heat.

The oxygen set free in the formation of fat is
given out in combination with carbon or hydro-
gen ; and whether this carbon and hydrogen pro-
ceed from the substance that yields the oxygen, or
from other compounds, still there must have been
generated by this formation of carbonic acid or
water as much heat as if an equal weight of car-
bon or hydrogen had been burned in air or in oxygen
gas. '

If we suppose that from 2 equivalents of starch
18 equivalents of oxygen are disengaged, and that
these 18 equivalents of oxygen combine with 9
equivalents of carbon, from the bile, for example,
no one can doubt that, in this case, exactly as much
heat must be developed, as if these 9 equivalents of
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TO PRODUCE FERMENTATION. 111

a calf, digested with weak muriatic acid, gives to
this fluid no power of dissolving boiled flesh or co-
agulated white of egg. But if previously allowed
to dry, or if left for a time in water, it then yields,
to water acidulated with muriatic acid, a substance
In minute quantity, the decomposition of which is
already commenced, and is completed in the solu-
tion. If coagulated albumen be placed in this
solution, the state of decomposition is communi-
cated to it, first at the edges, which become trans-
lucent, pass into a mucilage, and finally dissolve.
The same change gradually affects the whole
mass, and at last it is entirely dissolved, with the
exception of fatty particles, which render the solu-
tion turbid. Oxygen is conveyed to every part
of the body by the arterial blood ; moisture 1s
every where present; and thus we have united the
chief conditions of all transformations in the ani-
mal body.

Thus, as in the germination of seeds, the presence
of a body in a state of decomposition or transforma-
tion, which has been called diastase, effects the solu-
tion of the starch—that is, its conversion 1nto sugar ;
so, a product of the metamorphosis of the substance
of the stomach, being itself in a state of metamor-
phosis which is completed in the stomach, effects
the dissolution of all such parts of the food as are
capable of assuming a soluble form. In certain
diseases, there are produced from the starch, sugar,
&c., of the food, lactic acid and mucilage. (24)
These are the very same products which we can


























































































































































































OXYGEN, FIBRINE, AND ALBUMEN. 173

to change their colour, and to assume the dark red
colour which characterizes venous blood, only dur-
ing their passage through the capillaries. From
these facts we must conclude that the constituents of
arterial blood are altogether destitute of the power
to deprive the arterialised globules of the oxygen
which they have absorbed from the air; and we
can draw no other conclusion from the change of
colour which occurs in the capillaries, than that the
arterialised globules, during their passage through
the capillaries, return to the condition which cha-
racterized them in venous blood ; that, consequently,
they give up the oxygen absorbed in the lungs, and
thus acquire the power of combining with that ele-
ment afresh.

78. We find, therefore, in arterial blood, albu-
men, which, like all the other constituents of that
fluid, has become saturated with oxygen in its
passage through the lungs, and oxygen gas, which
is conveyed to every particle in the body in
chemical combination with the globules of the
blood. As far as our observations extend (in the
developement of the chick during incubation), all
the conditions seem to be here united which are
necessary to the formation of every kind of tissue;
while that portion of oxygen which is not con-
sumed in the growth or reproduction of organs com-
bines with the substance of the living parts, and
produces, by its union with their elements, the act
of transformation which we have called the change

of matter.
15%


















VEGETABLE PRODUCTS : CAFFEINE. 179

tion of certain roasted seeds (coffee.) Some cause
there must be, which would explain how the prac-
tice has become a necessary of life to whole na-
tions. But it is surely still more remarkable, that
the beneficial effects of both plants on the health
must be ascribed to one and the same substance,
the presence of which in two vegetables, belonging
to different natural families, and the produce of
different quarters of the globe, could hardly have
presented itself to the boldest imagination. Yet
recent researches have shewn, in such a manner
as to exclude all doubt, that caffeine, the pecu-
liar principle of coffee, and theine, that of tea, are,
in all respects, identical.

It is not less worthy of notice, that the American
Indian, living entirely on flesh, discovered for him-
self, in tobacco smoke, a means of retarding the
change of matter in the tissues of his body, and
thereby of making hunger more endurable ; and
that he cannot withstand the action of brandy,
which, acting as an element of respiration, puts
a stop to the change of matter by performing the
function which properly belongs to the products
of the metamorphosed tissues. Tea and coffee were
originally met with among nations whose diet is
chiefly vegetable.

87. Without entering minutely into the medicinal
action of caffeine (theine,) it will surely appear a
most striking fact, even if we were to deny its in-
fluence on the process of secretion, that this sub-
stance, with the addition of oxygen and the ele-
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88. To see how the action of caffeine, aspara-
gine, theobromine, &c., may be explained, we
must call to mind that the chief constituent of the
bile contains only 3-8 per cent. of nitrogen, of
which only the half, or 1-9 per cent., belongs to the
taurine.

Bile contains, in its natural state, water and
solid matter, in the proportion of 90 parts by
weight of the former to 10 of the latter. If we
suppose these 10 parts by weight of solid matter
to be choleic acid, with 3-87 per cent. of nitrogen,
then 100 parts of fresh bile will contain 0-171
parts of nitrogen in the shape of taurine. Now
this quantity is contained in 0-6 parts of caffeine :
or 2 %ths grains of caffeine can give to an ounce of
bile the nitrogen it contains in the form of taurine.
If an infusion of tea contain no more than the
1th of a grain of caffeine, still, if it contribute
in point of fact to the formation of bile, the
action, even of such a quantity, cannot be looked
upon as a nullity. Neither can it be denied that
in the case of an excess of non-azotised food and
a deficiency of motion, which is required to cause
the change of matter in the tissues, and thus to
yield the nitrogenised product which enters into
the composition of the bile; that in such a con-

16






ALKALIES ON THE NERVOUS SYSTEM. 183

these compounds, by means of their elements, take
a share in the formation of new, or the transforma-
tion of existing brain and nervous matter.

However strange the idea may, at first sight, ap-
pear, that the alkaloids of opium or of cinchona
bark, the elements of codeine, morphia, quinine,
&ec., may be converted into constituents of brain
and nervous matter, into organs of vital ener-
gy, from which the organic motions of the body
derive their origin; that these substances form
a constituent of that matter, by the removal of
which the seat of intellectual life, of sensation,
and of consciousness, is annihilated ; it is, never-
theless, certain, that all these forms of power
and activity are most closely dependent, not only
on the existence, but also on a certain quality
of the substance of the brain, spinal marrow,
and nerves; insomuch, that all the manifesta-
tions of the life or vital energy of these modi-
fications of nervous matter, which are recognised
as the phenomena of motion, sensation, or feel-
ing, assume another form as soon as their com-
position is altered. The animal organism has pro-
duced the brain and nerves out of compounds
furnished to it by vegetables ; it is the constituents
of the food of the animal, which, in consequence
of a series of changes, have assumed the properties
and the structure which we find in the brain and
nerves.

90. If it must be admitted as an undeniable
truth, that the substance of the brain and nerves is
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product of the vital process with a non-azotised
compound (probably, a fatty body). All that has
been said in the preceding pages on the various
possible ways by which the bile might be sup-
posed to be formed, all the conclusions which
we attained in regard to the co-operation of azo-
tised and non-azotised elements of food, may be
applied with equal justice and equal probability
to the formation and production of the nervous
substance.

We must not forget that, in whatever light we
may view the vital operations, the production of
nervous matter from blood pre-supposes a change
in the composition and qualities of the constituents
of blood. That such a change occurs is as certain
as that the existence of the nervous matter cannot
be denied. In this sense, we must assume, that
from a compound of proteine may be formed a
first, second, third, &c., product, before a certain
number of its elements can become constituents of
the nervous matter ; and it must be considered as
quite certain, that a product of the vital process
in a plant, introduced into the blood, will, if its
composition be adapted to this purpose, supply the
place of the first, second, or third product of the
alteration of the compound of proteine. Indeed
it cannot be considered merely accidental, that the
composition of the most active remedies, namely,
the vegetable alkaloids, cannot be shown to be re-
lated to that of any constituent of the body, except

only the substance of the nerves and brain. All
16*
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(gelantine in both cases) is absolutely incapable of
yielding blood ; if, therefore, nitrogenised compounds,
totally different from the compounds of proteine,
may be employed for purposes corresponding to
their composition ; we may thence conclude that a
product of vegetable life, also different from proteine,
but similar to a constituent of the animal body, may
be employed by the organism in the same way and
for the same purpose as the natural product, ori-
ginally formed by the vital energy of the animal
organs, and that, indeed, from a vegetable sub-
stance.

The time is not long gone by, when we had
not the very slightest conception of the cause of
the various effects of opium, and when the action
of cinchona bark was shrouded in incomprehensi-
ble obscurity. Now that we know that these effects
are caused by crystallizable compounds, which differ
as much in composition as in their action on the
system ; now that we know the substances to which
the medicinal or poisonous energy must be ascribed,
it would argue only want of sense to consider the
action of these substances inexplicable; and to do
so, as many have done, because they act in very
minute doses, is as unreasonable as it would be to
judge of the sharpness of a razor by its weight.

94. It would serve no purpose to give these
considerations a greater extension at present. How-
ever hypothetical they may appear, they only de-
serve attention in so far as they point out the
way which chemistry pursues, and which she ought
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nitrogenised compounds, so remarkable for their
action on the brain and on the substance of the
organs of motion, as elements of food for the or-
gans as yet unknown, which are destined for the
metamorphosis of the constituents of the blood into
nervous substance and brain. Such organs there
must be in the animal body, and if, in the diseased
state, an abnormal process of production or trans-
formation of the constituents of cerebral and nervous
matter has been established ; if, in the organs intended
for this purpose, the power of forming that matter out
of the constituents of blood, or the power of resisting
an abnormal degree of activity in its decomposition
or transformation, has been diminished ; then, in a
chemical sense, there is no objection to the opinion,
that substances of a composition analogous to that
of nervous or cerebral matter, and, consequently,
adapted to form that matter, may be employed, in- "
stead of the substances produced from the blood,
either to furnish the necessary resistance, or to re-
store the normal condition.

96. Some physiologists and chemists have ex-
pressed doubts of the peculiar and distinet character
of cerebric acid, a substance which, from its amount
of carbon and hydrogen, and from its external cha-
racters, resembles a nitrogenised fatty acid. But a
nitrogenised fat, having an acid character, is, in fact,
no anomaly. Hippuric acid is in many of its cha-
racters very similar to the fatty acids, but is essen-
tially distinguished from them by containing nitro-
gen. 'The organic constituents of bile resemble the
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molecoles; it alters the direction of the chemical
forces in such wise, that the elements of the con-
stituents of food arrange themselves in another form,
and combine to produce new compounds, either
identical in composition with the living tissues, or
differing from them; it further changes the direc-
tion and force of the attraction of cohesion, de-
stroys the cohesion of the nutritious compounds, and
forces the new compounds to assume forms altoge-
ther different from those which are the result of the
attraction of cohesion when acting freely, that is,
without resistance.

The vital force is also manifested as a force of
attraction, inasmuch as the new compound produced
by the change of form and structure in the food,
when it has a composition identical with that of the
living tissue, becomes a part of that tissue.

Those newly-formed compounds, whose compo-
sition differs from that of the living tissue, are re-
moved from the situation in which they are formed,
and, in the shape of certain secretions, being carried
{o other parts of the body, undergo in contact with
these a series of analogous changes.

The vital force is manifested in the form of resist-
ance, inasmuch as by its presence in the living tis-
sues, their elements acquire the power of withstand-
ing the disturbance and change in their form and
composition, which external agencies tend to pro-
duce; a power which, simply as chemical com-
pounds, they do not possess.

As in the case of other forces, the conception of
17%
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By means of the electrical force, or that of heat,
we can give the most varied directions to the mani-
festations of chemical force. By these means we
can fix, as it were, the order in which the elemen-
tary particles shall unite. Let us remove the cause
(heat or electricity) which has turned the balance
in favour of the weaker attraction in one direction,
and the stronger attraction will shew itself continu-
ally active in another direction; and if this stronger
attraction can overcome the vis inertiz of the ele-
mentary particles, they will unite in a new form,
and a new compound of different properties must
be the result.

In compounds of this kind, in which, therefore,
the free manifestation of the chemical force has
been impeded by other forces, a blow, or mechanical
friction, or the contact of a substance, the particles
of which are in a state of motion (decomposition,
transformation), or any external cause, whose ac-
tivity is added to the stronger attraction of the ele-
mentary particles in another direction, may suffice
to give the preponderance to this stronger attrac-
tion, to overcome the vis inertiee, to alter the form
and structure of the compound, which are the
result of foreign causes, and to produce the resolu-
tion of the compound into one or more new com-
pounds with altered properties.

Transformations, or as they may be called, phe-
nomena of motion, in compounds of this class, may
be effected by means of the free and available
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organs, and is effected by a distinct system of or-
gans, possessing the property of communicating and
extending the motion which they receive. We find
the power of the animal to change its place and to
produce mechanical effects by means of its limbs,
dependant on a second similar system of organs or
apparatus. Both of these systems of apparatus, as
well as the phenomena of motion proceeding from
them, are wanting in plants.

In order to form a clear conception of the origin
and source of the mechanical motions in the animal
body, it may be advantageous to reflect on the mo-
dus operandi of other forces, which in their mani-
festations are most closely allied to the vital force.

When a number of plates of zinc and copper,
arranged in a certain order, are brought into con-
tact with an acid, and when the extremities of the
apparatus are joined by means of a metallic wire, a
chemical action begins at the surface of the plates
of zinc, and the wire, in consequence of this action,
acquires the most singular and wonderful properties.

The wire appears as the carrier or conductor of a
force, which may be conducted and communicated
through it in every direction with amazing velocity.
It is the conductor or propagator of an uninterrupted
series of manifestations of activity.

Such a propagation of motion is inconceivable, if
in the wire there were a resistance to be overcome;
for every resistance would convert a part of the
moving force into a force at rest.
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wonderful and wise economy has destined for the
nourishment of the animal only such compounds as
have a composition identical with that of the organms
which generate force, that is, with the muscular tis-
sue. The expenditure of force which the living parts
of animals require, in order to reproduce themselves
from the blood ; the resistance of the chemical force
which has to be overcome in the azotised constituents
of food by the vital agency of the organs destined to
convert them into blood ; these are as nothing com-
pared to the force with which the elements of car-
bonic acid are held together. A certain amount
of force would necessarily be prevented from as-
suming the form of moving power, if it were to be
expended in overcoming chemical resistance ; for
the momentum of motion of the vital force is diminish-
ed by all obstacles. But the conversion of the con-
stituents of blood into muscular fibre (into an organ
which generates force) is only a change of form.
Both have the same composition ; blood is fluid, mus-
cular fibre is solid blood. We may even suppose that
this change takes place without any expenditure of
vital force ; for the mere passage of a fluid body into
the solid state requires no manifestation of force, but
only the removal of obstacles, which oppose that force
(cohesion,) which determines the form of matter, in its
manifestations.

In what form or in what manner the vital force
produces mechanical effects in the animal body is
altogether unknown, and is as little to be ascer-
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II.

In the living plant, the intensity of the vital force
far exceeds that of the chemical action of oxygen.

We know, with the utmost certainty, that, by
the influence of the vital force, oxygen is separated
from elements to which it has the strongest aflinity ;
that it is given out in the gaseous form, without
exerting the slightest action on the juices of the
plant.

How powerful, indeed, must the resistance ap-
pear which the vital force supplies to leaves charged
with oil of turpentine or tannic acid, when we con-
sider the affinity of oxygen for these compounds!

This intensity of action or of resistance the plant
obtains by means of the sun’s light; the effect of
which in chemical actions may be, and is, com-
pared to that of a very high temperature (a mode-
rate red heat.)

During the night an opposite process goes on In
the plant; we see then that the constituents of the
leaves and green parts combine with the oxygen of
the air, a property which in daylight they did not
possess.

From these facts we can draw no other conclu-
sion but this: that the intensity of the vital force
diminishes with the abstraction of light; that with
the approach of night a state of equilibrium is esta-
blished, and that in complete darkness all those con-
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time, by external cooling, unequal quantities of
heat. Experience teaches, that if their peculiar tem-
perature and their original weight are to remain unal-
tered, they require unequal quantities of food ; more in
the lower temperature than in the higher.

The circumstance that the original weight remains
the same, with unequal quantities of food, obviously
presupposes, that in the same time a quantity of
oxygen proportioned to the temperature has been
absorbed; more in the lower than in the higher
temperature.

We find that the weight of both individuals, at
the end of 24 hours, is equal to the original weight.
But we have assumed that their food is converted
into blood ; that the blood has served for nutrition;
and it is plain, that when the original weight has
been restored, a quantity of the constituents of the
body, equal in weight to those of the food, has lost
its condition of life, and has been expelled in combi-
nation with oxygen.

The one individual, which, being exposed to the
lower temperature, consumed more fond, has also ab-
sorbed more oxygen; a greater quantity of the con-
stituents of its body has been separated in combina-
tion with oxygen; and, in consequence of this com-
bination with oxygen, a greater amount of heat has
been liberated, by which means the heat abstracted
has been restored, and the proper temperature of the
body kept up.

Consequently, by the abstraction of heat, provided
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there be a full supply of food and free access of
oxygen, the change of matter must be accelerated ;
and, along with the augmented transformation, in a
given time, of living tissues, a greater amount of
vital force must be rendered available for mecha-
nical purposes.

With the external cooling, the respiratory mo-
tions become stronger; in a lower temperature more
oxygen is conveyed to the blood ; the waste of mat-
ter increases, and if the supply be not kept in equili-
brium with this waste, by means of food, the tempera-
ture of the body gradually sinks.

But, in a given time, an unlimited supply of
oxygen cannot be introduced into the body ; only a
certain amount of living tissue can lose the state of
life, and only a limited amount of vital force can be
manifested in mechanical phenomena. It is only,
therefore, when the cooling, the generation of force,
and the absorption of oxygen are in equilibrium toge-
ther, that the temperature of the body can remain
unchanged. 1If the loss of heat by cooling go beyond
a certain point, the vital phenomena diminish in the
same ratio ; for the temperature falls, and the tempe-
rature must be considered as a uniform condition of
their manifestation.

Now experience teaches, that when the tempera-
ture of the body sinks, the power of the limbs to
produce mechanical effects (or the force necessary
‘to the voluntary motions) is also diminished. The
condition of sleep ensues, and at last even the invo-
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cannot be supposed to take place without the co-opera-
tion of oxygen.

According to all the observations hitherto made,
neither the expired air, nor the perspiration, nor the
urine, contains any trace of alcohol, after indulgence
in spirituous liquors ; and there can be no doubt that
the elements of alcohol combine with oxygen in the
body; that its carbon and hydrogen are given off as
carbonic acid and water.

The oxygen which has accomplished this change
must have been taken from the arterial blood ; for we
know of no channel, save the circulation of the blood,
by which oxygen can penetrate into the interior of the
body.

Owing to its volatility, and the ease with which
its vapour permeates animal membranes and tissues,
alcohol can spread throughout the body in all direc-
tions.

If the power of the elements of alcohol to com-
bine with oxygen were not greater than that of the
compounds formed by the change of matter, or that
of the substance of living tissues, they (the elements
of alcohol) could not combine with oxygen in the
body.

It is, consequently, obvious, that by the use of
alcohol a limit must rapidly be put to the change
of matter in certain parts of the body. The oxygen
of the arterial blood, which, in the absence of alco-
hol, would have combined with the matter of the
tissues, or with that formed by the metamorphosis
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to form a compound atom or molecule, have combined
with' 3 eq. of oxygen and 3 eq. of water, to form 1 eq.
of hydrated cyanuric acid. The third expresses the order
in which the elements are supposed to be arranged in hy.
drated cyanic acid, the whole multiplied by 3. Each equi-
valent of cyanic acid is formed of 1 eq. of cyanogen, 1
eq. of oxygen, and 1 eq. of water ; and hence the same num-
ber of atoms of each element, which together formed 1
eq. of cyanuric acid, is here so divided as to yield 3 eq. of
cyanic acid.

We have here, therefore, the same absolute and relative
amount of atoms of each element, arranged in three diffe-
rent ways; yet in each of these the proportions of the
elements, calculated for 100 parts, must of course be the
same. It is easy, therefore, to see the advantage we pos-
sess by the use of formule ; that; namely, of exhibiting
the relations existing between compouads of different com.-
position ; and that also of expressing the actual, probable,
or possible differences between substances whose composi-
tion, in 100 parts, is the same, while their properties, as in
the case above quoted, are perfectly distinct.

It does not come within our province, here to explain the
method or rule by which the composition of a substance,
in 100 parts (as it is always obtained in analysis), is express-
ed in a formula ; we shall only describe the rule for calcu-
lating, from a given formula, the composition in 100 parts.
For this purpose it must be noted that C, in a chemical for-
mula, signifies a weight of carbon expressed by the number
76437 (according to the most recent determinations 758 or
75°0, a variation which has no effect whatever on the for-
mule here adduced, all of which are calculated on the
number 76:437); that H signifies a weight of hydrogen
— 12478 ; N a weight of nitrogen ==177-04; and lastly,
0 a weight of oxygen = 100.

24*
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NOTE (19), p. 87.
THE PRODUCTION OF WAX FROM SUGAR. a

As soon as the bees have filled their stomach, or what
15 called the honey bladder, with honey, and cannot de-
posit it for want of cells, the honey passes gradually in
large quantity into the intestinal canal, where it is di-
gested. The greater part is expelled as excrement ; the
rest enters the fluids of the bee. In consequence of this
great flow of juices a fatty substance is produced, which
oozes out on the eight spots formerly mentioned, which
occur on the four lower scales of the abdominal rings,
and soon hardens into lamine of wax. On the other
hand, when the bees can deposit their honey, only so
much enters the intestinal canal as is necessary for their
support. The honey bladder need not be filled with
honey longer than forty hours in order to bring to maturi-
ty, on the eight spots, eight lamine of wax, so that the
latter fall off. I made the experiment of giving to bees,
which I had enclosed in a box with their queen about the
end of September, dissolved sugar-candy instead of honey.
Out of this food laminz of wax were formed; but these
would not separate and fall off readily, so that the mass,
which continued to ooze out, remained, in most of the
bees, hanging to the upper lamine : and the lamina of
wax became as thick as four under ordinary circum-
stances. The abdominal scales of the bees were, by
means of the wax, distinctly raised, so that the waxen
lamina projected between them. On examination, I

o From F. W. Gundlach’s Natural History of Bees. p.115. Cassel,
1842. We are acquainted with no more beautiful or convincing proof
of the formation of fatty matter from sugar than the following process
of the manufacture of wax by the bee as taken from observation,

26
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a queen. But if bees be shut up in a hive without a queen,
and fed with honey, we can perceive in forty-eight hours
that they have laminz of wax on their scales, and that some
have even separated. The building of cells is therefore
voluntary, and dependant on certain conditions, but the
oozing out of wax is involuntary.

One might suppose that a large proportion of these lami-
ne must be lost, since the bees may allow them to fall off,
out of the hive as well as in it ; but the Creator has wisely
provided against such a loss. If we give to bees engaged
in building cells honey in a flat dish, and cover the dish
with perforated paper, that the bees may not be entangled in
the honey, we shall find, after a day, that the honey has dis-
appeared, and that a large number of lamine are lying on
the paper. It would appear as if the bees, which have car-
ried off the honey, had let fall the scales; but it is not so.
For, if above the paper we lay two small rods, and on
these a board, overhanging the dish on every side, so that
the bees can creep under the board and obtain the honey,
we shall find next day the honey gone, but no lamina on
the paper ; while laming will be found in abundance on the
board above. 'The bees, therefore, which go for and bring
the honey, do not let fall the lamine of wax, but only
those bees which remain hanging to the top of the hive.
Repeated experiments of this kind have convinced me
that the bees, as soon as their lamine of wax are ma-
ture, return to the hive and remain at rest, just as
caterpillars do, when about to change. In a swarm that
is actively employed in building we may see thousands
of bees hanging idly at the top of the hive. These are
all bees whose lamina of wax are about to separate.
When they have fallen off, the activity of the bee re-
vives, and its place is occupied for the same purpose by

another.
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that their weight was £ of an ounce. I then placed the

bees in another box, provided with empty combs, and fed
them with the same honey as before. In the first few days
they lost daily rather more than 1 oz. in weight, and after-
wards half an ounce daily, which was owing to the circum-
stance, that from the digestion of so much honey, their
intestinal canal was loaded with excrements; for 1,170
bees, in autumn, when they have been but a short time con-
fined to the hive, weigh 4 oz.; consequently 2,765 bees
should weigh 9 oz. But they actually weighed 10 oz., and

therefore had within them 1 oz. of excrement, for their

honey bladders were empty. During the night the weight
of the box did not diminish at all, because the small quanti-
ty of honey the bees had deposited in the cells, having
already the proper consistence, could mot lose weight by
evaporation, and because the bees could not then get rid of
their excrements. For this reason, the loss of weight oc-
curred always during the day.

If, then, the bees, in seven days, required 3} oz. of
honey to support and nourish their bodies, they must have
consumed 13% oz. of honey in forming £ of an ounce of
wax ; and consequently, to form 1 1b. of wax, 20 lbs. of
honey are required. This is the reason why the strongest
swarms in the best honey seasons, when other hives, that
have no occasion te build, often gain in one day 3 or 4 lbs.
in weight, hardly become heavier, although their activity is
boundless. All that they gain is expended in making wax.
This is a hint for those who keep bees, to limit the build.
ing of comb. Cnauf has already recommended this, al.
though he was not acquainted with the true relations of the
subject. From 1 oz. of wax, bees can build cells enough
to contain 1 Ib. of honey.

100 laminz of wax weigh 0:024 gramme (rather more
than £ of a grain), consequently, 1 kilogramme (= 15,360

26*
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