RETROSPECTROSCOPE

Ludwig: The Physiologist

By Max E. Valentinuzzi, Klaus Beneke, and Germdn E. Gonzdlez

Thinking something that no one before ever
thought whilst seeing something which every-
body sees.

he thought reproduced in the above
epigraph is taken from an article by
Thurau et al. [1], who attribute it to
Arthur Schopenhauer (1788-1860), an

outstanding philosopher and author of i
the far-reaching piece Die Welt als Wille |
the world a strong, long-lasting breath
i of fresh air and with it, many new con-

und Vorstellung (The World as Will and Rep-
resentation). In German, it would perhaps
read as “etwas denken, das niemand vor-
her gedacht hat, wahrend etwas sehen,
was jeder sieht.” We could not assert wh-
ether Schopenhauer really said that, but
it should not be at all surprising if it were,
because it sounds simple, perhaps even
naive, and very deep, indeed. It fits per-
fectly to Carl Friedrich Wilhelm Ludwig’s
personality (1816-1895), whom we will
look at as physiologist in this second note.
Yes, second note—because in the first one
[2], we looked at him as bioengineer. A
third and last “Retrospectroscope” col-
umn completing this series will deal with
his wonderful and always humble and
generous activities as teacher.

Ludwig was, by training, a physician,
although he never practiced the profes-
sion; however, very early in his academic
life, he developed a wide vision of medi-

cine probably influenced by the rather ;
long sojourns in Marburg, Vienna, and
Zurich and his scientific contacts with |
subjects and proceed thereafter, trying to
offer a brief review for each:

and Du Bois Reymond. Ernst Heinrich

Robert Bunsen and, obviously, with his
three lifelong friends Helmholtz, Briicke,

Weber also played a significant role in his
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scientific career. There is no doubt that an
open-minded attitude and brilliant mind
must have been essential factors as well.
First, he clearly realized that mea-
surements were mandatory if one
wanted to quantify physiology (a basic
medical discipline along with anatomy),
which was his central objective of study,
and measurements led him to the kymo-
graph [2]. This instrument brought to

tributions were born, especially in the
Leipzig Institute inaugurated in 1869 [3],
several of which stemmed from his own
ideas and were developed further by his
students from Germany and abroad. Ex-
cept for his periods of time spent in Swit-
zerland and Austria, Ludwig never trav-
eled beyond other frontiers in Europe
or America, where his links <AU: can
“links” be clarified? Do you mean
his contacts or connections?> were
close and more in number.

Heinz G. Zimmer, who was a relative-
ly recent former director of the Leipzig
Institute of Physiology, listed several sci-
entific subjects dealt with by Ludwig and
his coworkers [4], [5]. Another invaluable
source, probably the best for its complete-
ness, belongs to Heinz Schroer [6]. Much
of this firsthand knowledge was also par-
tially collected and updated (until 1861)
in the different editions of his Physiology
Textbook [7]1-[9]. Let us list the scientific
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injection methods for vessel visuali-
zation

<

tiltration theory of urine formation

localization of the medullary vaso-
motor center

depressor reflex

viability of isolated perfused organs

function of the cardiac valves

gland secretion and secretory nerves
cardiac physiology (several subjects)
a variety of other physiology sub-
jects.

The first four scientific subjects listed
should be classified as technological in
nature, acting as tools for further ad-
vancement in knowledge, while the
rest are clearly physiological. Let us go
somewhat deeper, underlining those
that are more relevant to physiology as
such and leaving out the first four, par-
ticularly the kymograph, for they were
examined in this magazine’s previous
“Retrospectroscope” column as techni-
cal contributions serving physiology [2].
To begin with, it must be emphasized
that a general feature of Carl Ludwig’s
research was set on rigorous scientific

<

444499944

thinking, way of working, persever-
ance, and self-criticism. With regard to
all his contributions in different areas of
physiology, he showed three stages, i.e.,
a theory, a development, and a concrete
finding. <AU: Please note that this
was broken into two sentences for
clarity. Kindly check whether the
edits are OK.> Besides, it is difficult
to determine how much his own con-
tribution was to each published article
since his name was not often included
as an author, since his students were
listed first or even as the only authors;
as Schroer states [6], “die Veroftfentlic-
hungen Ludwigs nur in den wenigsten
Féllen seinen Namen tragen.” Translat-
ed, this means “Ludwig’s publications in
very few cases carried his name.” <AU:
please check that edited sentence
is OK as given.> Often, Ludwig wrote
the whole article because the student did
not handle <AU: Can “handle” be re-
placed with “understand” here for
clarity?> German well (and such a fact
was recognized by the student himself).



Filtration Theory of Urine Formation
In 1842, when Ludwig was 26, he sub-
mitted his habilitation thesis (written
in Latin [10]) while he was in Marburg,
embodying a revolutionary new scientific
philosophy that he was to follow and de-
velop further during his entire academic
career, i.e., physics, mathematics, and
chemistry were to explain physiological
problems. Specifically, he also launched
the modern vision of renal function, also
to be revisited several times for years
to come. Sir Thomas Lauder Brunton
(1844-1916), a former student of Ludwig,
participant in many experimental ses-
sions in Leipzig and strong supporter of
his, wrote in 1912 [11]:
Bowman's theory forms the basis
of the knowledge we now possess
regarding the secretion of urine,
but it is Ludwig’s experiment on
the relation between blood-pres-
sure and secretion that practi-
cally enables us to explain the
use of diuretics in cardiac disease,
and as I have already said, Lud-
wig’s theory, as modified by him
in 1870, closely resembles Bow-
man’s though supplemented in
some very important respects.
Brunton also recalls that several stu-
dents collaborated on the subject.
As Thurau et al. say [1], the forma-

pressure profile in the glomerular

capillaries.

3) The similarity between blood and
urine composition, aside from con-
centration differences, gave Ludwig
the belief that urine was mainly
derived from blood, and it was not
a product of kidney synthesis, as ac-
cepted by others.

Hence, Ludwig correctly derived
what glomerular filtration is. The reader
should consider that such conclusions
were arrived at more than 160 years
ago—weigh the technology that was
available during those days and the
surrounding and prevailing scientific
knowledge, and ponder the magnitude
of Ludwig’s accomplishment.

The story and further details over the

i years were wonderfully described and
i interpreted in 1996 by Thurau, Davis,
and Haberle (all three from the Physi-

ological Institute, University of Munich,
Germany) [1]. Schréer devoted several

| pages in his book to this subject and also

reproduced a paragraph in Latin [6].

Localization of the Medullary
Vasomotor Center

In 1996, Prof. H. Seller was with the Phys-
iological Institute of Heidelberg Univer-

sity, Germany, and he told the story of this

medullary center and even added results
from his own research <AU: Kindly
check whether the edit made here is

OK.> [12]. Ludwig’s interest in the sub-

ject started during his long stay in Vienna

(1855-1865), where he carried out experi-

{ ments with Ludwig Thiry (1817-1897)

[13]. They saw that electrical stimulation
of the cervical cord increased blood pres-
sure. In 1871 and 1873, two students from
Leipzig, Philipp Owsjannikow (1827-
1906) and C. Dittmar, proceeded further
with a better localization of the vasomotor
center in the medulla oblongata [14], [15].
As Prof. Seller points out, it is surprising
how this concept stood the proof of time,
for they nicely located the center within
a small ventrolateral area of the medulla.

i However, such knowledge was ignored
i for more than 100 years until about 1980,
i which led to many confusing reports.

Currently, the term rostro-ventrolateral me-

dulla (RVLM) is generally used.

Depressor Reflex

The vagal (or parasympathetic) action on
the heart is common physiological knowl-
edge today, with its decreased cardiac rate
and arterial blood pressure, which are
also involved in the baroreceptors’ re-
flex. Medical students usually have
hands-on laboratory exercises to see

tion of urine was experimentally
examined in Ludwig’s habilita-
tion thesis and explained based
on physic-chemical laws. This was
a daring and revolutionary new
framework, which, not surprisingly,
faced strong opposition from many
respected scientists for many years.
Supported by such an intellectual
background, Ludwig developed his

those effects for themselves; howev-
er, long and slow was its full eluci-
dation. This column is not the place
to review it, since there are other
reports that well accounted for its
development, for example, one by
Erwin H. Ackerknecht published in
1974 [16]. Ludwig and some of his
students were part of these events.
Let us briefly go over them.

concept of renal function, specifi-

observations were essential.
1) From model experiments, he rec-

a membrane without carrying

FIGURET The Chauveau—-Marey maneuver as per-
cally glomerular filtration and sub-  formed in the unanesthetized horse (1863). Chaveau,
sequent tubular reabsorption. Three — a veterinarian, and Marey, a physician, were superb
experimenters who also acted as engineers. The
operator introduced one of his arms in the animal’s
rectum, felt the abdominal descending aorta through
ognized that the fluid blood com-  the large intestinal walls, and strongly pushed upward
ponents are able to get through  against the vertebral column so as to suddenly com-
press the artery (electronic engineers would call it a
step function). Afferent vagal fibers sent pulses to the

Brothers Ernst Heinrich We-
ber (1795-1878), Wilhelm Eduard
Weber (1804-1891), and Eduard
Friedrich Weber (1806-1871) were
three outstanding scientists. Sur-
prisingly, one of these brothers
<AU: Please clarify which broth-
er is mentioned here.> stimulated

proteins, being driven only by a  aqulla oblongata from where, reflexly, vagal efferent the vagus nerve in 1845, finding an

hydraulic pressure gradient. His  pathways produced the typical negative chronotropic
effect. A beautiful and well-thought demonstration,
but they were not yet aware of its explanation [19]-
[20]. <AU: Please confirm that permission has been

is the ultrafiltrate concept.
2) Again, based on model experi-

inhibitory effect over the heart and
even bringing it to a standstill [17].
According to Eric Neil [18], there

ments, Ludwig came out with  optained to reprint thisimage and also provide the ~ Was also a report that appeared in
the concept of a hydrostatic proper creditline.>

Annali Universali di Medicina, of
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Milan, Ttaly (vol. 116, pp. 227-228). The
latter <AU: can you clarify which the
“latter” and “other” refer to? It is
unclear since there is one reference
mentioned here.>, obviously, must have
been a preliminary short communication
published in 1845, while the other was a
longer article reporting the new finding
the year after. Ernst and Eduard Weber
discovered not only an important phe-
nomenon but also a whole new notion in
neurophysiology, that of inhibition. Their
explanation was violently opposed by
some while it was similarly defended by
others. Etienne-Jules Marey (1830-1904)
was the first researcher in 1859 to recog-
nize the inverse relationship between ar-
terial pressure and heart rate, which was
later known as Marey’s law of the heart
[19], [20]. Around 1861, Jean-Baptiste

Auguste Chauveau (1827-1917), a veteri-
narian and close collaborator of Marey,
developed a procedure (now known as
the Chauveau—Marey maneuver; see
Figures 1 and 2) by which that law was
verified in the horse and, obviously, can
also be tested in other mammals [21],
[22]. The latter two papers described a
more sophisticated maneuver performed
in the dog with a catheter and a balloon
to obtain some evaluating parameters as,
for example, the sensitivity of the system
(see Figure 3 for the definition of the
latter parameter). Johannes Nepomuk
Czermak (1828-1873), who also worked
in Vienna with Ludwig, came up with the
“Vagusdruckversuch” concept in 1866,
which, translated, meant something like
“pressure search by the vagus nerve” [23].
Thereafter, in 1886, Elie de Cyon (1843—

1912) and Carl Ludwig performed a nota-
ble experiment by stimulation of the cen-
tral end of the depressor nerve, ensuing
a fall in blood pressure and bradycardia
that were recognized to be reflex in na-
ture. Ludwig thought that the nerve end-

i ings of the depressor lay in the ventricles
! but correctly argued that the afferent de-

pressor nerves served to brake the cardiac
rate and lower the peripheral resistance
when the blood pressure was too high
[24]. This can be considered the starting
point of what is currently known about
the baroreflex. <AU: Kindly check
that the edited sentence retains
original meaning. Please note that
”baroreflex reflex” was changed to
just “baroreflex,” OK?> Thereafter,
several other important contributions
were added.
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FIGURE 2 The Chaveau-Marey maneuver in the anesthetized horse, essentially the same procedure as depicted in Figure 1. Blood pressure
first increases after the hand pushing the abdominal aorta (a step function) against the vertebral column followed by a reflex decrease in
rate and blood pressure. Usually, respiration in the horse is rather aperiodic; however, because of the vagal action, there was a period of
apnea during clamping <AU: please check that edits here are OK> followed by a few breaths after release. (Records were obtained from
Texas A&M Veterinary School, College Station, in 1962. Clamping was performed by Max E. Valentinuzzi.) <AU: Is this figure courtesy of
Max E. Valentinuzzi? Please clarify, otherwise, please confirm that permission has been obtained to reprint this image and also
provide the proper credit line.>
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Viability of Isolated

Perfused Organs

In 1866, Carl Ludwig and Elie de Cyon
came up with the first isolated perfused
frog heart preparation, although the re-
port appeared the year after and was
signed only by Cyon, typical and gen-
erous of Ludwig, for the latter appears
just as communicator [25]. After this,
perfusion systems for the isolated mam-
malian heart were developed by Henry
Newell Martin (1848-1896), in 1883, but
were published much later and in col-
laboration with Edward Carey Applegarth
(1866-? <AU: Please update year of

death if possible.>) [26] and Oskar Lan-
gendorff (1853-1908) in 1895 [27]. The
observations made using both methods at
the end of the 19th and the beginning of
the 20th centuries led to important dis-
coveries, such as the role of temperature,
oxygen, and calcium ions for heart con-
tractile function, the origin of cardiac elec-
trical activity in the atrium, the negative
chronotropic effect of vagal stimulation,
the now well-known law of the heart,
(thanks to Otto Frank (1865-1944) [28]),
and the chemical transmission of impulses
in the vagus nerves by acetylcholine dem-
onstrated by Otto Loewi (1873-1961)

[29]. There were many modifications, but
its general principle remains the same to-
day [30]. In 1998, Zimmer published an
excellent and detailed account of the per-
fused heart development, a subject that
no doubt projected significantly over time
in physiology and medicine at large [31].

Function of the Cardiac Valves

By means of an excised pig heart, a ma-
nometer, and a visualizing apparatus,
Giulio Ceradini (1844-1894), an Italian
physiologist who worked with Ludwig in
1871-1872, showed the closure mecha-
nism of the cardiac semilunar valves,

T
so [ Y

]| MIN

e

il

) ——
=
—
=
——3

CARDIOTACH

—_

BLOOD PRESSURE(LEFT CAROTID)

g

173 mmne

l

ALLTTR

)

TINE MARKS(ONE SECOND APALT)

T

o ISIM»I
. CAL. FACT. = 3,04 MMHC|mMM
$aﬂ’a\‘\'n}t1\} 2

I

I

N \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ i

Qe - 90 _ loo
173-15 ~ S8

\\\\\\\\\\\\\k\m\\\\\\mm\u il

PP~

\
A

\\\\\\\\\\\\\\\\\\\\\\\\\\v

|

fcm‘.P oN
AN

l—rnultﬁ]‘llﬁlli]ﬁl]r1lﬁl—1llﬁll

l CLAMP OFF

mrryrrvyrvyryreryerTrerrrvgad

/

FIGURE 3 The Chauveau-Marey maneuver in the dog by direct manual compression of the descending abdominal aorta through a

lateral abdominal incision. The animal was a 13-kg male under pentobarbital anesthesia. Upper channel: Electrocardiography (ECG)
(lead 1), where a 2-mV calibration is shown on the left. By it, the preclamp cardiac frequency is also indicated (190 beats/min). In

the middle of the clamp, that frequency dropped very significantly to 90 beats/min. The second channel displays the carotid blood
pressure with its calibration on the left side. The third channel shows a cardiotach output, which increased the trace amplitude
when the rate decreased (without calibration, it was simply qualitative). The fourth channel shows time marks 1 s apart, besides also
the moments when the clamp was manually applied and thereafter released. Increase in blood pressure is clearly displayed when
the clamped was on, soon followed by a reflex heart rate decrease. The average blood pressure step was about 58 mm Hg with an
average heart rate decrease of roughly 100 beats/min, leading to a sensitivity of 1.73 beats/min X mm Hg. During the clamp dura-
tion, a clear variation in frequency is observed, i.e., the respiratory heart-rate response. Figure obtained by Max E. Valentinuzzi in
1970 at the Department of Physiology, Baylor College of Medicine, Houston, Texas. <AU: Please confirm that permission has been
obtained to reprint this image and also provide the proper credit line.>
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FIGURE 4 Sinus venosus-atrial Wenckebach-Luciani progressive block. Obtained from an
anesthetized snake, Elaphe obsoleta, by right vagal stimulation. The ECG was recorded
with subcutaneous electrodes. The electrocardiographic four components are well
depicted: SV, P, QRS-complex, and T-wave. Observe the sequence of increasing SV-P
intervals until the SV-P block takes place. The beat after the latter resumed its initial
duration. (Figure used courtesy of Max E. Valentinuzzi, copyright 1969, Electrophysiol-

ogy and Mechanics of the Snake Heart Beat.)

says Diana Troiani and Ermanno Manni
from the Medical School Catholic Uni-
versity, Rome [32]. There are three re-
ports produced by the original author:
one published in Germany in 1872 [33]
and a second, longer one appeared in
Italy in three versions, in 1873 and 1906
[34]-[36].

The closure semilunar valves’
mechanism was not well understood
and still remains in the current 21st
century as a matter of research for the

FIGURE 5 A beautiful specimen of a male
Bufo arenarum, a common frog species
found in the Argentine Northwest that is
unfortunately in danger of disappearing.
Itis absolutely harmless and useful, for it
feeds itself with a variety of insects. It has
glowing eyes, a bright green color, and
emits soft and cradling <AU: “Cradling”
does not seem to fit here. Can it be
replaced with “soothing” or “relax-
ing” here?> croaking songs during rainy
nights. All physiology labs should have

a sculpture in its honor; thanks to this
species, much knowledge was produced.
<AU: please check that edits are OK>
(Photo courtesy of Max E. Valentinuzzi.)
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achievement of an ideal valve prosthe-
ses. Ceradini conceived a simple tech-
nique for observing the behavior of
these valves during the cardiac cycle.
In an excised pig’s heart, he introduced
a special speculum into the pulmo-
nary artery. The right ventricle was
connected to a pump so that different
pressures could be applied to simulate
systole and diastole. A manometer and
a speculum connected to the pulmo-
nary artery monitored pressure values.
The same procedure was applied to the
left ventricle to visualize the aortic
valve closure. Such a preparation was

so successful that it was described in |

textbooks and routinely carried out in
Italian medical schools into the 1960s.
Ceradini’s observations clearly indi-
cated that the closure of the valves was
not the effect of the beginning of dias-
tole but of the end of systole.
Essentially, Ceradini’s description of
valve function has been validated by
20th-century investigators. In the last
few decades, computational and geo-
metric models of valve function have
led to highly attractive models; how-
ever, a full dynamic simulation has not
been reached due to the complexity
of valve anatomy, geometry, motion,
deformation and flow, and their inter-
actions. Although the present under-

standing of valve function has definitely
increased, to date, an ideal nonthrom-
bogenic, noncalcific prosthetic device
able to maintain normal valve proper-
ties and hemodynamic flow has yet not
been designed [32].

Gland Secretion and

Secretory Nerves

Carl Ludwig, as early as 1850 when still in
Zurich, was aware of the gross anatomy of
the nerves to submandibular glands (he
had been a prosector before in Marburg)
and found that the electrical stimulation
of the chord-lingual nerve causes the flow
of saliva in dogs. He also observed that
the secretory pressure could surpass the
level of blood pressure [37]. In 1999, Gar-
rett et al. published an excellent review
where its historical development is well
told <AU: Can “well told” be replaced
with “told in detail” for clarity?>
[38]. Schréer also devoted a few pages to
this concept [6, pp. 115-120].

Cardiac Physiology

Cardiac physiology represents a wide
area, much more in our days than dur-
ing Ludwig’s. His contributions, either
directly from him or his students, were
outstanding and always the first ball kick
or very close to that, so in a way, starting
the game we can say. <AU: The mean-
ing of this sentence is unclear as giv-
en. Please clarify.> His model was Ernst
Heinrich Weber’s Wellenlehre, which was
published in Leipzig [39], along other
contributions in the same field made later

i on by this visionary researcher. Besides,

Ludwig also had personal contacts who
respected him so highly that it can be
asserted that his own contributions fol-
lowed Weber’s spirit. On the other hand,
Ludwig’s findings in Marburg had always
attracted Weber.

During the period that was spent in
Marburg, due to some discrepancies with
Poiseuille’s blood pressure findings and
those obtained by one of Ludwig’s stu-
dents, Ludwig Spengler (1818-1866), the
concept of arterial side and head pres-
sures and the slightly different methods
to measure them were clarified [6], [40],
[41]. The former requires a tubing simply
facing the blood stream sideways, while
the latter needs a tubing bent at a right
angle so that its opening looks at the



blood flow head-on, thus giving a slightly
higher pressure value. Between 1848 and
1850, Ludwig worked with Alfred Wil-
helm Volkmann (1800-1877), a col-
laboration that led to Volkmanns’s
monograph titled Héamodynamik nach
Versuchen (or Hemodynamics After Test)
in 1850, where a full chapter was de-
voted to blood pressure [42]. As typi-
cal and usual of Ludwig’s personal-
ity, his name did not appear <AU: Ok
to add “as an author” here?>.
Belonging to his own harvest <AU:
can you please clarify this saying, as
it is not commonly used>, we find dur-
ing the same period (i.e., Carl was rather
young, about 32-33, spending his final
time in Marburg, though he started in
Zurich) that three papers were devoted
to the heart [43]-[45]. We should point
out that Ludwig had been promoted to
the position as the first prosector in com-
parative anatomy in 1846. In the same
year, he started his experiments on the
physiology of circulation. In 1849, he
was appointed professor and chair of the
Department of Anatomy and Physiology
at the University of Ziirich, Switzerland.
Thereafter, in 1850, in collaboration with
Moritz Hoffa, another report dealing with
the heart movement was produced [46].
In it, they described for the first time what
is now called ventricular fibrillation, which
was triggered by faradic stimulation (al-
fernate current in present terminology).
They called it delirium cordis or “Herzde-
lirium” (cardiac delirium). Long was the
story <AU: Do you mean “Long story
short” here? Please clarify what is
meant by “Long was the story to fol-
low in that”> to follow in that specific
subject, first picked up by John Alexander
MacWilliam (1857-1937), another stu-
dent of Ludwig, when he spoke of the fi-
brillar contractions of the heart [47], [48].
Ludwig’s students dealt with other
cardiac physiology subjects, such as the
staircase or Treppe phenomenon [myo-
cardial contractility increases with an
increase in heart rate, studied by the
American physiologist Henry Pickering
Bowditch (1840-1911)]. In a modified
version of the isolated heart, a cannula
was inserted into the atrium of an excised
frog heart and advanced into the ven-
tricle. Another cannula, placed into the
ventricle, was connected to a manom-

FIGURE6 Apollo (1993-2005), a beautiful
male German Shepherd. Look at his
glowing eyes and the alert, upward ears.
Even though his white snout shows his
then 12 years of age, there is aesthetic
content that brings pleasure to an
observer. Do you know how many gave
their lives to physiology? “Nur Gott, der

i Herr hat sie gezahlt.” Translated, this
i means “Only the great engineer has

counted them.” Physiology labs should
also have a monument dedicated to this
animal <AU: Please check that edited
sentence is OK> (Photo courtesy of Max
E. Valentinuzzi.)

eter. The heart, thereafter, isolated and
perfused with rabbit serum, was electri-
cally stimulated, recording the frequency
and amplitude of the contractions with a
kymograph. So the Treppe phenomenon
was discovered. The amplitude of con-
tractions increased until a plateau was

i reached when stimulation of the apex
i was initiated and maintained after a rest-

ing period of a few minutes. These ex-
periments then led to the concept of the
all-or-none-law, the absolute refractory
period, and the origin of cardiac automa-
ticity [49]. The Luciani progressive block
[50], in the hands of the Italian physiolo-
gist Luigi Luciani (1840-1919), is a form
of partial cardiac block characterized by a
progressive prolongation of the P-R inter-
val until a ventricular QRS <AU: Kindly
spell out QRS and P-R.> complex is
dropped. After such a failure in the atrio-
ventricular conduction, the P-R interval
shortens, only to progressively lengthen
again and repeat the whole cycle as de-
scribed earlier. A similar pattern may oc-
cur in lower species (fishes and herptiles)

between the sinus venosus (SV-wave)
and the atria (P-wave) or, in mammals,
between the sinoatrial node and the atria,
even though the latter is rare and difficult
to demonstrate (Figure 4). A more ade-
quate name, to be historically fair, should
be the Wenckebach-Luciani block [51],
[52], because of the contribution of the
Dutch cardiologist and anatomist Karel
Frederik Wenckebach (1864-1940).

It is difficult to separate exactly what
all of Ludwig’s contributions were to
physiology at large, because he often
mixed his contributions with those of his
students, whom he closely supervised and
followed. A long and detailed account can
be found in Schrder’s book [6]; this is not
the place to go into further detail, but cer-
tainly Ludwig’s influence, thought, and
creative philosophy permeated subjects
such as respiratory gas exchange; capil-
lary permeability; absorption and metab-
olism of sugar, fat, and proteins; and the
formation and movement of lymph. With
respect to the latter, we refer to articles
by Wladimir Tomsa (1831-1895), from
Prague, and Theodor Zawarykin (1835-
1905), from Russia [57]-[62].

Discussion
Some people erroneously believe that
Ludwig’s contributions in physiology
were few and minor. Without a doubt,
there is an overt lack of good informa-
tion, due to the generosity and low per-
sonal profile displayed by this exemplary
scientist. The answer is a loud “no,” <AU:
Please note that there is no question
asked here and “the answer is no”
is given. Kindly clarify.> for Ludwig
was an accomplished physiologist stand-
ing on his own ideas and production.
In this column, we partially describe
some of the various physiological areas
he covered, some showing outstanding
discoveries, and others of less impact,
but nonetheless not insignificant. <AU:
Kindly check that edited sentence
retains original meaning.> As men-
tioned before, it is difficult to determine
how much he was involved, but there is
no doubt that his supervision and touch
was always present. As Spieckermann
says, “physiology was Ludwig’s obses-
sion” [63], and he devoted his life to it.
However, something else should be
added. Ludwig said in his habilitation
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thesis [10]: “Thus, we observe in these
relationships [referring to the kidneys]
simplicity and a harmony not surpassed
in beauty by any other natural process.”
Once more, the aesthetic side of science
comes up, as long before advocated by
Ludwig van Beethoven (1770-1827), in
turn, and inspired by the poet and philos-
opher Johann Christoph Friedrich Schill-
er’s views (1759): “Isn’t that experiment,
that surgical field, that graph, that for-
mula a beauty?” To pursue and find the
aesthetic content that leads to true free-
dom, as they proposed, the former in An
die Freude, to joy, even though he meant
“freiheit,” or “liberty,” and the latter in his
ninth symphony represent an essential
mission of a human being, perhaps what
makes him/her human and different
from animals. No wonder that the “Ode
to Joy” has become the European anthem
<AU: please note that “hymn” was
changed to “anthem” here for clar-
ity. OK?>. Theirs was an eternal message
to all mankind. We may slightly modify
these thoughts as “the aesthetic content
leads to true freedom and richness of
spirit” [64]. Look at the frog shown in
Figure 5, for example, look at its glowing
eyes. Isn’t it a beauty, isn’t it aesthetic? It
can catch a mosquito in a jifty; surely, you
can't do that. See the dog in Figure 6,
alert, watching you.
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A general feature of
Carl Ludwig's research
was set on rigorous
scientific thinking,
way of working,
perseverance, and
self-criticism.

The vagal (or
parasympathetic)
action on the heart is
common physiological
knowledge today,
with its decreased
cardiac rate and
arterial blood
pressure, which are
also involved in the
baroreceptors’ reflex.

Ceradini conceived
asimple technique
for observing the
behavior of these
valves during the
cardiac cycle.

Ceradini’s
observations clearly
indicated that the
closure of the valves

was not the effect

of the beginning of

diastole but of the
end of systole.
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