CARL LUDWIG AS THE FOUNDER OF MODERN PHYSIOLOGY
ERICH BAUEREISEN

As a science of the functions of the living organism, modern phys-
iology is characterized in its method of work by the principle of causal
analysis. It makes use of experimentation for the discovery of truth,
and its methods are physico-chemical. A fourth characteristic becom-
ing ever more prominent, is the tendency to think dynamically, to em-
phasize, that is to investigate, not states, but processes. The true
objective of research is not a constant state of affairs as in morphology,
but its change. If, in addition, variations are considered quantitatively,
the goal of modern physiology appears more and more prominently as
an effort to describe biological functions in mathematical terms, that
is, as the lawful and quantitative relation of determining variables. This
combination eliminates the century-long assembly of simple observa-
tions, renders physiology independent of anatomy, and characterizes
its present spirit and established goals.

The transformation of physiology from description to experiment
was fundamental and of far-reaching consequence. From the embellish-
ment of anatomy in the second third of the nineteenth century grew the
scientific foundation of medicine which was highly promising and sig-
nificant for the future. In considering such a truly revelutionizing up-
heaval -- for the proclaimers of the new program feel themselves as
aggressive revolutionary revolutionaries and as such are opposed by
their conservative professional colleagues -- one gladly seeks out those
who brought it on. The nature of this revolution can best be character-
ized as an emancipation from that Philosophy of Nature (Naturphilosophie)
which took place in two stages, a morphological stage represented by
Johannes Mliller, and in a functional stage represented by Ludwig.

In the first third of the previous century France and England held an
extraordinary lead in the natural sciences, since there thought and in-
vestigation were clear and undisturbed by Philosophy of Nature. The
arrogant authority of Schelling and Hegell, who from disregard of the

* This paper is a translation from the Wiss. Z. Karl-Marx-Univ.,
Leipzig, Math. -Naturw. Reihe 6(4): 401-404, 1956/57. The author
is presently Director of the Physiol. Institut. der Univ. Wurtzburg in
West Germany. The translation was prepared by Morton H. Frank and
Joyce Weiss of Ohio State Univ., Columbus, Ohio and is published here
with the permission of the author.

1 Hegel's definition of heat: Heat is the return to itself of matter
within its shapelessness; its fluidity is the triumph of its abstract
homogeneity over definite specificity; its abstract continuity, existing
only in itself, as the negation of the negation, is here actualized as
activity.
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facts and experiment alleged that they could ascertain by pure specu-
lation the "original nature (Urwesen)" of all things, suffocated any
large-scale natural-scientific work.

On the other hand, however, natural scientific thought in Germany
was so strengthened and concentrated through the obvious sterility of
Philosophy of Nature, that after its breach here a truly grandiose and
unparalleled development of the natural sciences set in.

For physiology Johannes Mtlller is generally regarded as the founder
of natural scientific research. However great and successful J. Mlller
was, he is rather a finisher than a creator. His statement: "Whatever
does not fall under the knife is nothing'' characterizes excellently his
method of scientific work. He is the undisputed master of observation
-- also of physiological facts -- who stood opposed to experimentation
as a method of discovery of the truth. Although his point of view on
facts represents decisive progress compared with Philosophy of Nature,
J. Mtller took an exquisitely morphological point of view. He could
not or did not want to make the step from the visibly perceptual to the
abstractly lawful. He is therefore not a physiologist in the modern
sense, but rather the completer of the anatomia animata of Albrecht
von Haller, the poet and naturalist from Bern.

Naturally there is no physiology without phenomena and without that
substrate which must have its own morphological nature. Thus if Miiller
cannot be considered as the founder of modern physiology, physiology
is indebted to him and the researchers of his generation for a large and
reliable body of observational material, without which a dynamically
oriented modern physiology would have been unthinkable.

That which systematically separates Miiller further from natural
scientific physiology is the fact that up to his death he was a declared
follower of the vis vitalis. In this, which is to be defined neither
quantitatively nor by physical parameters, he saw the driving force of
life. Unfortunately the "Olympian Mtiiller' had much vexation over this
with his faithless students Helmholtz, Du Bois-Reymond, and Brticke.
But nothing seems to illuminate the greatness of Johannes Miiller more
brightly than the circumstance that he, like Schwann and Henle, had
students who opposed his views and whom -- in spite of, or because of
this -- he could fill with an enthusiasm for the physiological sciences
that was almost fateful.

The non-existence of a vital force is the presupposition of all physio-
logical experimentation. If the law of conservation of energy is not
valid for the living organism, then it is senseless and false in principle
to apply physical or chemical methods of inquiry to it. Life then can
not be the subject of natural scientific experimental investigation, since
neither reproducible nor predictable experimental results may be ex-
pected. The attitude to vitalism has become the pivotal point of modern
physiology. On this the leading intellects were separated and even to-
day are still separated.

With the three named students of Miiller and after very significant
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forerunners such as, for example, F. Magendie, Carl Ludwig stepped
forward most effectively against the vital force. Characteristically it
was a famous student of Ludwig, Max Rubner, who was able to clarify
the matter at issue through decisive, quantitative experiments. His
energy balances brought proof of the rigorous applicability of the first
law of thermodynamics to the living organism. It was thereby demon-
strated that there is no vis vitalis differing from physical forces or
that it is completely without interest for physical or chemical experi-
ments in physiology.

On the basis of the strict exclusion of the vis vitalis, the demand was
raised by Carl Ludwig, Helmholtz, Du Bois-Reymond, and Brlicke for
a physiology which was causal-analytical and physically and chemically
experimental. If, out of these four investigators, we pick Ludwig as
the actual founder of modern physiology, the grounds for this must be
justified specifically. That modern physiology is not to be contemplated
without the works of the three great students of Johannes Mtiller is ex-
plicitly emphasized. However Carl Ludwig occupies a special position
for physiology.

In this circle the physiologist Helmholtz is certainly by far the
greatest and most gifted natural researcher. But the emphasis of his
scientific accomplishments lay too much in the area of physics to make
him the leader of the new tendency for work in physiology.

Du Bois-Reymond was, as the descendant of French forbears, more
brilliant intellectually and more worldly, but also more conservative
than Ludwig. His significance in the academic world of Berlin and Ger-
many is extraordinary, but the professional effect of his works and his
direct influence on students is substantially more limited than was true
with Carl Ludwig.

Brticke was a very acute thinking and generally educated man, but
obviously not the personality to give to new ideas the necessary persua-
sive power and drive. In spite of his extraordinary scientific successes
he did not have the understanding to give his discipline the splendid posi-
tion and persuasive dominance in Vienna which Hyrtl bestowed on anat-
omy and which Ludwig attained in Leipzig almost unintentionally and as
if self-evidently.

Du Bois-Reymond himself named Ludwig the standard bearer of the
new trend, since he had expressed the new program in the most conse-
quential fashion and in a form shockingly effective for that time (the
foreword to his textbook in 1852). He also towered far above his three
friends in his effect, both in depth and breadth. In various widespread
regions of the German speaking area, in Marburg, Zurich, Vienna,and
Leipzig, he imbued the generation of doctors then growing up with the
new ideas through his famous course. Above all, however, after he
was appointed to Leipzig in 1865, his many students -- the leading
physiologists of the next generation in all civilized nations -- took over
his intellectual endowment directly and thereby advanced further. Lud-
wig's effect accordingly would have far surpassed that of all other phys-
iologists of his time even if he had not published a line. Except for



life in Marburg. Expulsion period in the surgical hospital in Bamberg
and one semester medical study in Erlangen. Medical state examina-
tion in Marburg. In 1841 second prosector in anatomy at Marburg
(Ludwig Fick). In 1842 formal admission to the faculty. In 1846 assist-
ant professor of comparative anatomy in Marburg. In 1849 professor

of anatomy and physiology in Zurich. In 1855 professor of zoology and
physiology in the medical military academy (Josefinum) in Vienna. In
1865, successor of E. H. Weber, professor of physiology in Leipzig.
After thirty years of activity died in 1895 in Leipzig.

The scientific propositions of Ludwig are characterized by the fact
that they contain an extraordinarily high content of general principle
and therefore lend themselves unusually to elaboration and extension.
This is as valid for his methods as for his results.

The two most significant methods developed by Ludwig are the first
usable recording device (the kymograph) and the technique of keeping an
isolated organ alive. Both methods are extraordinarily characteristic
of Ludwig's method of work.

Recording, that is the representation of a function as a variable in
time, has made physiology an independent science. The Ludwig kymo-
graph has therefore done more to separate physiology from anatomy
than all previous observations of physiological facts. Recording instru-
ments have become the characteristic symbol of physiological research,
since in contrast to the scalpel they make possible a dynamic way of
thinking about life processes. The fertility and the possibilities for de-
velopment of this idea of Ludwig's have become evident in the develop-
ment of physiological recording techniques.









