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But, if the doctrine of the vitalists is untenable, the old 

problem remains still,?what is life ? Or, what is death ? for the 

two questions are intimately connected, and cannot be separat- 
ed from each other. The living body is essentially charac- 

terised by nutrition. The organic edifice is the seat of a 

continual internal nutritive movement, which never ceases in 

any part: each individual draws ita nourishment from the 

surrounding medium, and into it discharges its waste and effete 
products. This molecular renovation is unappreciable to direct 

view, but we see the beginning and the end, the entrance 
and the exit of the substances, and can conceive the interme- 
diate phases, and imagine a current of matter which continu- 
ally traverses the organism, pervading its substance, and 

maintaining its form. This movement, which has been called 
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th<? vital vortex, the material circuit between the organic and 
the inorganic world, exists in plantsaswell as in animals, is never 

interrupted, and is tlie condition as well as tne immediate cause 
of all the vital manifestations. The universality of the phe- 
nomenon, the constancy which it presents, and its absolute 

necessity, constitute it the fundamental chura t t of the living 

body, and the most general sign of life; so much so that some 

physiologists have taken it as the definition of life. 
Nevertheless this phenomena is not simple; it requires to 

be analysed, and its mechanism minutely investigated, in order 

to render precise the idea which irs superficial examination 

mav give of life. Tne nutritive movement comprehends two 

distinct, but connected and inseparable, operations?one by 
which the inorganic matter is fixed, or incorporated in the liv- 
ing tissue, and becomes an integral part of it; the other by 
which it is separated and discharged. This double movement is 

really but a prepetual alternation of life and death, that is, of des- 
truction and renovation of the constituent parts of the organism. 
The vitalists have not. understood nutrition. Some, imbued with 

the idea that the essence of life is resistance to death, that is 

to the physico-chemical forces, must think that the living body, 
having arrived at irs full development, has only to maintain 

itself in the steadiest equilibrium possible, bv neutralising the 
destructive influence of'the external asents ; others, comprehend- 

ing the phenomenon better, and appreciating the continual 

change of the organism, refuse to allow that this moiecular 

renovation was produced by the general forces of nature, and 

attribute it to vital force. Neither have perceived that, it is 

precisely the organic destruction effected under the influence 

of the physico-chemical forces which produces the incessant 

change and is the cause of the re-organization. 
The acts of organic destruction and disorganization are 

immediately revealed to us ; their signs are evident, being ex- 

posed externally, and repeated with each vital manifestation. 

The acts of assimilation and organization on the contrary 
remain internal, and have almost, no phenomenal expres- 
sion ; they consist in an organic synthesis which collects 

together, in a silent and secret manner, the materials which 

will be expended later in the open manifestations of life. It 

is a remarkable fact, important to appreciate, how these two 

phases of the nutritive circuit are expressed so differently, 
the organisation remaining latent, and the disorganisation hav- 
ing as its sensible manifestations, all the phenomena of life. 
Here as usual, appearance is deceptive, and that which is 
called a phenomena of life is really one of organic death. The 
two factors of nutrition are assimilation and dissimilation, 
or organization and disorganization. B it disassimilation is 

always accompanied by vital manifestation. When a man 

or animal moves, a part of the active substance of the 
muscle is destroyed and burned; when an act of sensation, or 

volition,occurs, the nerves are expended; and when thought 
is exercised, the brain is consumed. It can be said that the 

fame matter never serves twice in life. When an act, is 

accomplished the part of living matter which produced it. is 

no more. If the act is repeated it is new matter by which 
it is performed. 

Ill ? molecular expenditure is always in direct ratio to the 

Tital manife.-tations, and the alteration of material is the more 

perfect and considerable in proportion to the activity of life, 
disassimilation also rejects from the organism substances the 
more oxydised by the vital combustion, in proportion as the 
functions of the organs are the more energetic. This oxydation 
or combustion causes the animal heat, and produces carbonic 
acid exhaled by the lungs, and other different productions elimi- 
nated by the enumetories of the economy. The body is 

expanded and experiences a consumption and loss of weight, 
which expresses and measures the intensity of its functions. 
JS very where physico-chemical destruction is united with 

functional activity ; find it, can be regarded as a physiological 
axiom, that any manifestation of a phenomenon, in the 
living being, is necessarily united with an organic! destruction. 

Sucli a law, which unites the production of phenomena 
witli the destruction of matter, is n^r peculiar to tlio living 
world; physical nature obeys tlie same law. A living being 
with plenitude of its functional activity does not therefore 

present the greatest energy of a vital mysterious force, but 
simply the greatest activity of the chemical phenomena of 

combustion, or organic destruction. Stall I savs with justice 
that the physioo-che nieal phenomena des'rov the bodv, and 

produce death ;? but he was not aware of the fact, that the 

phenomena of vital destruction are the instigators, and pre- 
cursors, of the renovation of material which is hidden to 

view in the secret depths of the tissues. At t.ne same time that 

the phenomena of combustion are expressed with eclat by the 
outward vital manifestations, the formative process takes place 
in the silence of vegetative life, and has no other expression, 
but the organization and separation of the living edifice. 

Life has been compared to a torch, which metaphor, thanks 

to Lavoisier, has beeome a reality. The being which lives is 

like the torch which burns; the body is expended, and the 

torch is consumed and burns with a vital, the other with a 

physical, flame. But in order that, the comparison should be 

exact, the torch should last by regenerating and renewing 
itself, like the living torch. Physical combustion is an isola- 

lated phenomenon, in a manner accidental, having no reciprocal 
relations in nature. Vital combustion, on the contrary, sup- 
poses a correlative regeneration, a phenomenon of the utmost 
importance, the principal characters of which we have now to 
trace. 

Reparation or organic synthesis presents two principal 
modes of action ; at one time the synthesis assimilates the sur- 
rounding substances, to form them into nutritive principles ; 

at another to form thein directly into the elements of the 

tissues; and thus we see, side by side, with the formation of 
the immediate products of the chemical synthesis, the pheno- 
mena of histological renovation, either continual cr periodic. 
The phenomena of redintegration, regeneration, or reparation, 
which occur in the adult are of the same nature as those of gene- 
ration and evolution, by which the embryo at its com- 

mencement constitutes its organs and anatomical elements- 

The living being is characterised, at the same time, by nutri- 

tion and regeneration, which two phenomena must be united, 
and instead of forming two distinct categories, are to be con- 

sidered as a single act, whose essence and mechanism are 

alike. It is with this idea that it can be said, that nutrition 

is but a continued generation. Organic synthesis, generation, 
regeneration, redintegration, and even cicatrisation, are aspects 
of the same phenomenon?varied manifestations of the same 

agent?the germ. 
The germ is the agent par excellence of organization and 

nutrition ; it attracts around it cosmic matter, and organizes 
it, to constitute the new being. Enelossd at first in the cell of 

the ovum, it surrounds itself with nutritive elaborated mate- 

rials, called the vitellus; but can only manifest its organizing 
power, secondary to combustions and organic destruction. The 

ovum thus constituted by the germ and the vitellus, by seg- 
mentation and division into an infinite number of cells, pro- 

vided each with the germ of nutrition, developes the new 

organism. This cell germ, called the nucleus, attracts and 

elaborates special nutritive materials, destined for the func- 

tional combustions of the tissues and organs. When either 

natural or accidental acts of regeneration occur, when a divided 

nerve, for instance, is regenerated and restored in its functions, 
it is still their nuclei, which in virtue of the primordial germ, 

from which they are derived, divide and multiply, to constitute 
in the adult the new tissue, repeating identically the process of 
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the formation of tlie embryo. All the various phenomena of 

regeneration and organic synthesis, have as a distinctive cha- 

racter, that thev are invisible externally. The activity which 
prevails, and the importance of the phenomena which are 

accomplished, during the incubation of an egg. coul ? never be 

suspected from the silence of the process, but it is the new 

creature emerging from it. which unveils by its manfestations 

of life the marvels of the slow and hidden work. It is the 

same with all ourfnnctions. Each has. so to sneak an organizing 
incubation, and, when a vital action occurs, its conditions were 

for long collected by that, silent and profound elaboration, 
which frames the causes of all phenomena. 
These two phases of physiological action are not to be lost sight 

of; when we wish to tnodifv tbe vital actions, it. is their 

secret evolutions that must be attacked ; when the phenomenon 
has occurred it is too late. Nothing happens by chance, and 
the most sudden event has its elementary latent, causfs, which 

it is the object of science to discover, in order to be able to 

modify, and thus to have under control the ulterior appearance 
of the phenomenon. 

Finally, in the living boily there are two gr-at groups of 

phenomena, the functional or that of vital expenditure, and 
the organic, or that vital concentration. Life is maintained 

by these two classes, opposite in their nature?the disassitnila- 
ting comb istion which consumes the living matter in tlie or- 

gans when in action, and the assimilating synthesis, which 

regenerates the organs in repose. Tlie agents of the two are 

not less different. Vital combustion borrows the general external 
agent, of combustion, oxygen, and in default, of this, ferments, 
whose disassimilating action can occur in the depths of the 

tissues where no air can penetrate. Organic synthesis, on the 
contrary, possesses a special agent, the gertn or the nuclei of 

the cells, which are the emanations of the primordial germ, 
situated in all the elementary parts of the living body. The 

conditions of functional disassimilation and organic assimi- 

lation are also different. The s?me agents of combustion, which 

expend the organic edifice during life, continue to destroy it 

after death, when the phenomena of organisation are extinct. 

Hence it is that, all the functional phenomena accompanied by 
combustion, fermentation, or organic disassociating can be ac- 

complished, out of, as well as in the living body?thanks to 

which circumstances the physiologist can, by the aid of experi- 

ments, analyse tlie vital mechanism. In a mutilated organism 
he keeps up artificial respiration, circulation and digestion, 
and studies the properties of living tissues separated from 

the body ; in these dismembered parts the muscle contracts, 

glands secrete, and nerves conduct, stimuli as in life; but 

though tissues isolated from the organic conditions are ex- 

pended, and perform their functions, they cannot be regen- 

erated, on which account death is inevitable. The phenomena 
of organic renovation, on the contrary, cannot be manifested 

except in the living body, and each phenomenon in its special 
place. No artifice has hitherto been found to supply the essen- 
tial conditions of the activity of tlie gerin, or to take its place 
in the living edifice. 

If, depending on the great difference that has just been in- 
dicated, a vital independent, role in the economy was assigned 
to the combustion, also to the organic regeneration, it would be 
a grand mistake ; fortlie two classes of phenomena are so recipro- 
cal in the act of nutrition, that, they can only be separated in 

conception ; in nature they are inseparable. Every living thing, 
animal or vegetable, can only exercise its functions by the 
simultaneous action of vital combustion and organic synthesis. 

Having considered, in its minutiae, the characteristic pheno- 
menon of life, nutrition, it remains to be considered, what 
conclusion can be come to with regard to the solution of 
the problem so often attempted?the definition of life. If 
it ig wished to state that all the vital functions are the neces- 

sary consequence of un organic combustion, it would be by the 
paradoxical expression,?"'Life is dentil"?the destruction of 
the tissues ; or with Burton, 

'? life is a minntaur which devours 

tlie organism." If, 011 tlie other linnd. we desire to lay stress 
on the second plmse of nutrition, flint life is only sustained on 
condition of the constant regeneration of the tissues, ir would be 
?'a creation executed by means of a plastic regenerative act in 
contrast with the vital functions" Finally, to comprehend both 
phases of the phenomena, organization, and disorganization? 
we will come near the definiton given by Maiuville : Life is 

an infernal double movement of decomposition, general and 

continuous, at the same time;" or that more recently proposed 
by Herbert Spencer : 

" Life is the definite combination of 

nitrogenous changes, at the same time simultaneous and sue* 

cessive"?which expresses tlie idea of evolution and su.-cession 
observed in the vital phenomena. Su-h definitions, however 

incomplete they may be, have at least the advantage of ex: ress- 
ing an aspect of life?not merely verbal, as "life is the con- 

trary to death or Beclard's " Life is organization in action." 

Kant, in his 
'* Critique of Pure Reason," has defined life : "An 

intimate principle of action" whih recalls the idea of 

Hippocrates, and has been adopted by Tiedemann ani other 

physiologists. In reality, there is no more an interior principle 
of action in animate than in inmimite bodies. The pheno- 
mena which take place in minerals are ceriainlv under the 

influence of exte'nal atmos ih rii! conditions, but it is the snmu 

with plants and cold blooded animals. If warm blooded 

animals appear free and independent in their vital manifesta- 

tions it is because of the more perfect mechanism of the bodies, 
which produces heat in such quantities, as to be free and in- 

dependent of the surrounding media. 
I11 a won!, the spontaniety of living matter is but a false ap- 

pearance ; there are constantly external principles and stimuli, 
which provoke the manifestations of mutter always inert by 
itself. 

No single completely satisfactory definition of life enn bo 

given. Pascal remarks, that in reality true definitions are crea- 
tions of the understanding ; that is to say. definitions of names, 
or conventions used to abridge discourse : but. he recognises pri- 
mitive words, comprehended without definition. The word 

life is in this category. Every one knows what is meant by life 
and death, it is impossible to separate the two terms, the two 
correlative ideas, for what has lived will die, and what is dead 
has lived. Tlie first, thing is to understand the phenomena of 
life; definition can only be given subsequently as a resume of 

previous study ; but. this is, properly speaking, a view or con- 
ception, rather than a definition. We have now to consider, 
what conception we can form of the phenomena of life, in the 
present state of our physiological knowledge. 

This conception must vary according to the progress of 

science. As late as the beginning of the century, Le Gallois 

published a volume of experiments " On the principle of life 
and the seat of that principle." Bur. now the seat, of life is no 

longer sought for, it is known to reside everywhere in the par- 
ticles of organised matter. Tae vit.il properties are the living 
cells, everything else is but mechanism and arrangement. 
The various manifestations of life are the combined and diver- 

sified expressions of the fixed and invariable organic elemen- 

tary particles. It. is of less consequence to know the immense 

variety of the vital manifestations, than to determine rigorously 
the properties of the tissues winch produce them, on which 
account, now, all the eflbrts of science are directed towards the 

study of those infinitely minute bodies, which conceal the 

true secret of life. 
As far as we yet go into tlie minuti? of the phenomena 

proper to living things, it is the same question which always 
presents itself, which has existed from the beginning of science. 
" Is life due to a power, a particular force, or is it but a mo-. 
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dalit.y of the general laws of nature ?" Inotlier terms, "Is there 
in living beings a special force distinct from physical, chemi- 
cal, or mechanical forces ?" The vitalists have always 
argued from the impossibility of explaining physically, or 

mechanically, all the phenomena of life, and their adversaries 
have answered thein by reducing a great number of vital 
manifestations to well established physico-chemical demon- 
strations. It must be admitted that the latter have constantly 
gained ground, and especially now are gaining daily more and 
more. Whether they will eventually succeed in reducing 
everything to their theory, or whether there will remain a 

quid proprium sui generis of life despite their efforts is the point 
to be examined. By carefully analysing the vital phenomena 
which can be explained by the physical or chemical forces, we 
will circumscribe and limit vitalism, and thereby render it more 
easy of determination. 

Of the two orders of nutritive phenomena which es- 

sentially charactise life, and which are the origin of all its 

manifestations, one?destruction or organic disassimilation? 
comes now completely within chemical action; these decomposi- 
tions in living beings present nothing more or less mysterious than 
those of organic bodies. As for the phenomena of organizing 
genesis, and nutritive regeneration, they appear at first sight of 
a vital and quite special nature, irreducible to general chemical 

actions ; but this is only appearance, and for their proper com- 

prehension,it is necessary to consider their phenomena underthe 
double aspect which they present of ordinary chemical synthesis, 
and of organic evolution which takes place. In fact vital genesis 
comprises phenomena of chemical synthesis, arranged, and 

developed according to a peculiar order, which constitutes their 

evolution, but it is necessary to separate chemical phenomena in 
themselves from their evolution ; for they are two quite distinct 

things, as far as synthetic action is concerned ; their phenomena 
are hut dependant on general chemical forces, examining them 
successively This is clearly demonstrated. The calcareous 

matter met in the shells of mollusces, in the eggs of birds, and 

in the bones of matnmiferse are certainly formed in the evolution 
of the embryo, according to the laws of ordinary chemistry. Fat- 
ty and oily matters are in the same category and already chemis- 
try has cucceeded in producing artificially a great number of the 
immediate principles and essential oils, which are naturally the 
appanage of the animal or vegetable kingdom. In like manner 

amylaceous substances, which are developed in animals, and 

produced by the union of carbon and water, under solar 

influence, in the green leaves of plants, are well characterised 
chemical phenomena. If in the case of nitrogenised and 
albumenoid bodies the process of synthesis is more obscure, 
it is because organic chemistry is not sufficiently advanced ; but 
it is certain, nevertheless, that these substauces are formed by 
chemical processes in the organism. 
Without doubt, the agents of organic synthesis, the germs 

and cells, can be said to constitute quite exceptional agents, and 
with regard to the phenomena of disorganisation, the ferments 
can be said to be also agents peculiar to living bodies. It is pro- 

bable that it is a general law, that chemical phenomena are 
executed in the organism by special agents and processes; but 
this alters in no respect the purely chemical nature of the 

phenomena which take place, and of the products which are 
their consequence. 
H aving examined chemical synthesis, we come to organic 

evolution. The agents of the chemical phenomena not alone 

produce chemical synthesis of very varied matter, but they 
organise and appropriate them for the morphological edifica- 
tion of the new being. Among the agents of living chemistry, 
without doubt, the most powerful and remarkable is the ovum? 
the primordial cell, which contains the germ, the organising 
principle of the wnole body. We have nothing to do witli the 

creation of the ovum ex nihilo; it comes from parents, and the 

origin of its evolutive power is hidden from us ; but science 

daily advances towards the comprehension of this mystery. It 

is by the germ, and in virtue of the evolutive power which 

it possesses, that the perpetuity of species, and the discordance 
of being, is established ; it is through it we comprehend the 

necessary relations which exist between the phenomena of 

nutrition and those of development. It explains the limited 
duration of the existence of the living being ; for death must 

occur where nutrition ceases, not from want of aliment, but 
because the evolutive concatenation is come to its end, and the 
organising cellular impulse has exhausted its virtue. 
The germ further presides over the organization of the 

being, forming from the surrounding substances the living 
matter, and impressing in it the character of chemical insta- 

bility, which becomes the cause of the incessant vital move- 

ments which take place; the cells?secondary germs?presiding 
in the same way over the cellular nutritive organisation. It is 

very evident that these are purely chemical actions, but it is 

not less clear that tliese chemical actions, in virtue of which 
the organism grows and is built up, are connected with, and 
succeed, each other, with a view to this result?tlie organisation 
and growth of the animal or vegetable individual. There is 

as it were a vital design, which traces the plan of each being, 
and each organ. If considered separately, each phenomena of 
the organism is subject to the general forces of nature, but if 
taken together and in their succession, they appear to show a 

special connection?appear directed by some invisible condi- 
tion in the route they follow and in the order which connects 

them. Thus the synthetical chemical actions of the organism 
and of nutrition are manifested, a's if they were governed by 
an impulsive force, ruling over the matter and making a 

special chemistry, appropriate to the end in view. This power 
of evolution inherent in the ovule includes the phenomena of 
generation and nutrition, both of them having the evolutive 

character, which is their groundwork and essence. 
It is alone this evolutive power, or property, which consti- 

tutes the quid proprium of life, for it is clear that the power 
of an ovum, which will produce a iriammifer, a bird, or a fish, 
is neither chemical nor physical. This is the last refuge of 
the vitalists. By sheltering themselves by it, it is easy to see 

that vitalism is transformed into a metaphysical conception, 
and breaks the last tie which attached it to the physical 
world, or to physiological science. In saying that "life is 

the force of evolution of the being" we simply express the 
idea of unity in the succession of all the chemical and mor- 

phological changes, accomplished through the agency of the 

germ, from the beginning to the end of life. Our mind easily 
embraces that unity, as a conception which forces itself upon 

it, and expluins it by a force, but the error would be to think 
that that metaphysical force acted after the manner of a physical 
force. The metaphysical force of evolution by which life can be 
characterised being outside the physical forces cannot influence 
them. The metaphysical world must be separated from the 
world of phenomena, which serves as a base for it, but has 

nothing to get from it. Finally, if life can be defined by a 

special metaphysical conception, it is none the less a fact, that 
the physical ana chemical forces are the only agents of the 

living body, whose action the physiologist has to consider. ? / 
4th October 1875. 


