CLAUDE BERNARD AND THE CELL
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The work of Claude Bernard is a permanent source of information
for the historian interested in the development of physiological thought
and one of meditation for the physiologist who proceeds along new paths
in research. His discoveries are classical and need no retelling; his
methodology is consciously or unconsciously applied in modern experi-
mentation. There are still aspects of his work which are practically
unknown except to the few and it is the purpose of this article to show
Claude Bernard's scientific attitude and its relationship to the develop-
ment of modern cell physiology.

Bernard's philosophical mind, objective to the point of rejecting
all philosophical systems because of their rigidity, enabled him to
rise to generalizations and conceive concepts which, in turn, became
new tools for further investigation. The most revolutionary of his
concepts was that of "'the constancy of the internal environment' which,
after one century, still provides the foundations for physiological in-
vestigation. In this respect Claude Bernard is misunderstood insofar
as his famous dictum is incompletely quoted: "The fixity of the inter-
nal environment is the condition for a free independent life'" merely
enunciates that fragment of his thought which emphasizes the prereq-
uisite of constancy. In fact, he continues:''the mechanism which allows
it is the one which assures in the internal environment the maintenance
of all conditions necessary to the life of the elements'(1). Thus com-
pleted the famous Bernardian dictum encloses three constituents: con-
ditions that maintain life; the internal environment; and the elements.

"Conditions for life maintenance' need no elaboration, they are
water, solutes, oxygen, and nutrient.

The "internal environment' needs clarification. It is true that
Bernard stated, ""'modern experimental medicine is the science of
the internal environment' (2) but he did not imply that it deserved the
exclusive interest of the physiologist. In his way of thinking it was a
necessary step towards the exploration in depth of the organism: "this
environment although deeply seated is still external to the elementary
organized particle which is the only part really alive'(3). Topograph-
ically the relation of "'the internal environment' to the "organized
particle' is not without ahalogy to that of the digestive tube to the rest
of the body. Its role is to provide food and shelter to "the elements"
which live in this surrounding as in "a hot house' (4).

This brings to the forefront the third constituent of his dictum
""the elements, "' by which he means the morphologic structures of
varied complexity: organs, tissues and cells. It is tacitly assumed
that as a physiologist Bernard's interest was confined to organ function.
This is unwarranted and one is struck by the frequent recurrence of
the words "'tissues' and ''cells' through the over 20 volumes that con-
stitute his published work. Sentences like "it is imperative to exper-
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iment on the elements' (5) resound time and again.

There were a number of factors that prompted Claude Bernard to
evaluate the role of morphology in physiological investigation. Some
are obvious, like anatomy being a prerequisite for the localization of
phenomena by vivisection. Bernaid tells the story of the conflicting
results obtained by Magendie and by Brodie in the study of the respec-
tive effects of bile and pancreatic secretion on fat digestion (6). The
discrepancy resulted from the species of animal used in the experi-
ment: one investigator used the cat, in which the pancreatic and bile
ducts, being closely associated, were ligated together, whereas the
other investigator used the dog, in which the two ducts are easily dis-
sociated. A correct appraisal of comparative anatomy in physiolog-
ical investigation would have avoided the controversy but this need
was not yet clearly established. As illustrative as this anecdote is,
it is less significant than the historical perspective of the scientific
climate in Bernard's formative years.

Historically, physiology developed in the shadow of anatomy and
remained subordinate to it. Its full emancipation from anatomy did
not occur until the middle of the 19th century when it became an ex-
perimental science. Harvey's experiments, although conceived physi-
ologically, were performed by anatomical means on the living animal.
It was still natural science although enunciated in the new language
derived from Galilean mechanics. It was the kind of physiology that
Haller was to label "anatomia animata', based on observation and rea-
soned by deduction. This trend still prevailed in the 19th century.
For example, an authority like Geoffroy Saint-Hilaire demanded that
physiology remain subservient to anatomy. Cuvier not only made de-
ductions of function from structure, as did Darwin according to Bernard,
but went further and denied the possibility of obtaining valid information
from a study of the living body. It is obvious that such irrational think-
ing left the door open to vitalistic explanations of which Bichat was the
most influential exponent. Bichat differed from other vitalists in that
he endowed each of the numerous tissues that he had described with
its own particular vital properties (unstable) without entirely rejecting
physical properties (stable). According to Bichat, vital properties
escape the control of natural law; nevertheless he drew attention to
the possibility of explaining organ and tissue function in their own in-
trinsic properties. The latter thesis Bernard accepted as materialistic,
but rejected all metaphysical considerations. This was Bernard's
morphological heritage and it was to constitute ""the tripod' of experi-
mental science; the other two supports were Lavoisier's method of
applying procedures used in inorganic material to the study of organic
material and Magendie's establishment of facts from vivisection. As
a result, Bernard reversed the situation and assigned to physiology
primacy over morphology because: 1) it is a more complex science,
2) there are parts in the body that cannot be dissected, such as the
fluids of the internal environment, 3) techniques other than anatomical
have to be resorted to for the investigation of living phenomena, 4)
anatomy alone does not explain the function of organs; adrenals, spleen
or pancreas being specific examples. To the old "anatomia animata"
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he opposed the new "functional anatomy". Bernard's codification of
physiology as a self-reliant science was not done without hurt.

Such was the impact of morphology on the thinking of 19th century
scientists that some of the most celebrated physiologists, Johannes
Mtiller and Tiedemang among others, had abandoned physiology for
description anatomy. Bernard was impressed with this change in
scientific activity and questioned himself concerning the legitimacy
of physiology as an independent science. (This was not without in-
fluencing Claude Bernard's attitude towards statistics at a time when
experimental physiology was at its formative stage.) He gained the
certainty that he was following the right path, and instead of falling
into the opposite extreme and denying all significance to morphology,
arrived at the conclusion that function and structure are inseparable.
"Without the morphological component no thinking is physiological, no
complete explanation of functional properties is possible. ' Consider-
ation for morphology is justified because "anatomy is to physiology
what crystallography is to chemistry''(8).

While accepting morphology as an integrant part of physiology,
Bernard gives chemistry precedence over it because its results can
be quantified. However, an exact quantitative result is not the whole
process and Bernard stresses the specificity of the morphological
framework within which chemical reactions proceed in the body. The
chemist can synthesize in the laboratory the same compounds that the
living body produces. What separates the two is the nature of the in-
struments used towards the same end - the ways of the natural tools
cannot be reproduced in the laboratory, they are specific to the organ-
ism. "The tools are the organs and the histological elements' (9) and
the know-how of the morphological tools is the very object of physio-
logical investigation - "histology is the basis of all physiological ex-
planations." This most subtle observation is fundamental for the under-
standing of Claude Bernard's scientific attitude. (Had it been noticed
and rightly evaluated, many of the discussions around Bernard's
"vitalism' would have proven irrelevant.) It shows the dependence
of physiology upon morphology and chemistry while justifying physiol-
ogy as an independent object of study. On the practical side it reflect-
ed on the organization of Bernard's laboratory inasmuch as he needed
two assistants, a chemist and an histologist.

Organs alone will not explain the working of the body; they are com-
plex structures made of different tissues, each of them with its own
properties. Bernard carefully distinguished between functions which
are the manifestations of organs, and properties which are the mani-
festations of tissues. The function of an organ is the sum total of the
different tissues that compose it. It is the resultant not the antecedent
of phenomena - "the phenomena manifested by living organisms are
merely the effects of tissue properties which are their causes''(11).

The necessary interdependence between chemistry and morphology
goes deeper. "Even where a single tissue is involved, functional
differences between structurally similar parts may be manifested,



towards the cell. There are properties which are common to all living
organisms whether plant or animal, high or low on the evolutionary
scale, and which cannot be assigned to any organ or tissue in partic-
ular. Such universality presupposes the existence of an identical under-
lying structure. For example, irritability is a widespread property
and it can be formulated that "all that is alive is irritable'(13). Se-
cretion is another example of striking universality among the living.
Most impressed was Bernard with nutrition because it is common to

all "histological elements' and proceeds continuously. It is the means
whereby morphological elements create organic matter by selecting
from the external environment the materials to be converted into char-
acteristic structures. This '"synthese assimilatrice' (today's anabol-
ism) has a definite morphological connotation. Its ccunterpart is '"com-
bustion' (today's catabolism) its connotation being chemical. One
conditions the other and it is on this account that morphology and chem-
istry are inseparable (14).

Bernard's own experimental work justified an inquiry into the phys-
iological significance of the cell: the generality of the effect of anes-
thetics; that of oxygen lack; glycogenesis which he studied in the hepatic
cell, placenta, amnion, fetal muscles, intestinal eipthelium, insect
larvae, embryos of plants and animals.

Causal determinism of which he was the promoter in biology must
necessarily have its roots in the most elementary structures. Those
structures are also the last refuge of the metaphysical interpretations
of life and must be expelled because ''determinism cannot exist except
in the elementary properties' (15). Consequently "'the endeavor of the
physician is to reach determinism by aiming at the element thus limit-
ing the problem to one property instead of a complexity of properties. "
This approach is possible because the cells, although sub-ordinated












