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Albert von Bezold and Nervous Control of the Heart
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Carl-Ludwig-Institute of Physiology, University of Leipzig, Leipzig, Germany

Ludwig Friedrich Albert von Bezold (1836–1868) (Fig. 1)
was born on January 7, 1836, in Ansbach, located in the
southern part of Germany, as the eighth child of a physician.
He started his study of medicine in 1853 in Munich. It was
there in 1854 that he acquired rheumatic arthritis that also af-
fected his heart, resulting in stenosis of the mitral valve.1, 2 He
continued his studies in Würzburg and attended the lectures
of Rudolf Albert von Kölliker (1817–1905).3 In 1857, he
moved to Berlin and worked in the laboratory of Emil Du
Bois-Reymond (1818–1896). In 1859 he was appointed pro-
fessor of Physiology at the University of Jena. In 1865, he
moved to Würzburg where he became professor and chair-
man of physiology and successor to Albert von Kölliker who
concentrated on anatomy. von Bezold was an extremely pro-
ductive and energetic physiologist, his writing was straight-
forward, clear, and crisp. He died at the age of 32 from the
consequences of mitral stenosis. His successor became Adolf
Fick (1829–1901).

In his research, von Bezold was influenced by the electro-
physiologic works of von Kölliker and Du Bois-Reymond. In
1856, von Kölliker and H. Müller had shown that an electri-
cal current accompanies muscle contraction. Furthermore,
they had placed the nerve of a nerve-muscle preparation on
the ventricular surface of a beating frog heart and showed that
the frog leg contracted with each cardiac cycle.4 Emil Du
Bois-Reymond had previously discovered the “action poten-
tial.”3 As a student in Würzburg von Bezold had already won

a prize for his comparative experimental study on the prob-
lem of which nerve fibers crossed in the spinal chord.2 He
published his results on vagus stimulation of the isolated frog
heart5 and confirmed the results of the Weber brothers.6 He
postulated that the heart is under constant vagus influence; he
also investigated the effects of Stannius ligatures in the frog
heart,5 and then turned to studies on electrical excitation of
nerves and muscles.2

In his cardiovascular research, von Bezold became interest-
ed in nervous control of the heart. He used veratrine obtained
from the poisonous roots of Veratrum album or from the seeds
of Veratrum Sabadilla. When he injected veratrine into the
jugular vein of a rabbit, he noted a marked reduction in blood
pressure and a negative chronotropic effect; when both vagus
nerves were cut, however, heart rate and blood pressure in-
creased immediately.7 His interpretation of the acute effect
was that afferent impulses originated in the heart and were
transmitted to the vasomotor center via the vagus. Shortly be-
fore, Cyon and Ludwig had found the depressor nerve;8 von
Bezold named his finding the “veratrine reflex.”

About 70 years later, Adolph Jarisch (1891–1965), an
Austrian pharmacologist, rediscovered and confirmed the
“Bezold effect.” He showed that veratrine induced a dramatic
blood pressure depression in cats (Fig. 2). He could reverse this
by blocking the vagus nerve. Instead of cutting, as von Bezold
did, he applied cooling to both vagus nerves: blood pressure in-
creased again. After warming the vagus nerves, blood pressure
decreased again. These changes could be repeated in a repro-
ducible manner (Fig. 2).9 The veratrine reflex is now known as
“Bezold-Jarisch reflex.”

Albert von Bezold also conducted studies on experimental
myocardial infarction with regard to nervous control of the
heart.10 In the pulsating heart of ventilated rabbits, he clamped
the descending branch of the left coronary artery, thus induc-
ing ischemia of the left ventricular wall, which turned pale. To
investigate the relation of ischemia and the intracardiac ner-
vous system, he cut the vagus, the sympathetic nerve fibers,
and the spinal chord, and eliminated both brain hemispheres.
In addition, he clamped the aorta to vary left ventricular filling.
He recorded heart rate and arterial pressure. von Bezold ob-
served no change in heart rate immediately after coronary
artery occlusion and thereafter a decrease. After 45 up to 145
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seconds, ventricular fibrillation occurred with arrest of the left
and then the right ventricle. He was able to resuscitate the heart
by electrical stimulation or by rhythmical mechanical com-
pression of the ventricle. He could also increase heart rate by
stimulation of sympathetic fibers.

Based on and inspired by these results, Julius Friedrich
Cohnheim (1839–1884)11 ligated branches of the coronary ar-
teries in curarized and ventilated dogs and measured blood
pressure in the carotid, pulmonary, and femoral artery as well
as in the right and left ventricle. The chest was opened after re-
moval of four ribs. The pericardium was cut, and one of the
coronary arteries was ligated. This had no immediate effect on
heart function and blood pressure. At the end of the first
minute, however, arrhythmias developed while blood pressure
remained normal. After approximately 105 seconds, there was
a precipitous fall in arterial pressure, and cardiac arrest oc-
curred in diastole in both heart chambers at the same time.
After 10 to 20 seconds, fibrillations developed for 40 to 50 sec-
onds while atrial contractions remained regular. When the
ventricles were finally and completely arrested, they were di-
lated and could not be resuscitated,12 in contrast to von
Bezold’s findings in the rabbit.

Cohnheim hypothesized that

a positive substance which is directly poisonous for the
heart had been generated during ligation of the coronary
artery. On the one hand, nobody can deny a certain simi-
larity of our typical curve with that obtained for instance
with potassium poisoning; on the other hand, it is a long-
known fact that products originate in the metabolism of
muscles during contraction which are definitely danger-
ous for muscle and nerve activity. These substances are
washed out continuously during normal contraction;

when circulation is arrested, however, as after ligation of
the nourishing arteries, these substances accumulate and
are available in such amounts that they can execute their
poisonous effect.12

Cohnheim did additional experiments on rabbits and basi-
cally confirmed the results obtained by von Bezold.12 He noted
that weak rabbit hearts were more resistant to coronary artery
ligation than strong healthy ones. The same was true for previ-
ously damaged dog hearts. It was concluded that a strongly
contracting and healthy heart produces more of the poisonous
substance after coronary artery ligation and thus is more sensi-
tive to the occurrence of cardiac arrest. Also, von Bezold had
observed that the occurrence of arrhythmias was delayed when
the hearts had undergone previous maneuvers or when the
coronary artery had been clamped repeatedly, which he at-
tributed to the drop in temperature. On the other hand, eleva-
tion of aortic pressure accelerated the occurrence of arrhyth-
mias in the ischemic heart.10
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FIG. 1 Albert von Bezold (1836–1868). Reproduced from Ref. No. 2.

FIG. 2 Changes in blood pressure (mmHg) in an anesthetized cat in
which 50 µg of veratrine were injected at the mark (bottom line). At
K cooling, at W warming of both vagus nerves. Original Figure 2 in
Ref. No. 9.


