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1. Ear ly  exper iments  wi th  ve ra t rum a lka lo ids  

I n  1862, in the  course of  his s tudies  on the  i nne rva t ion  of  t he  h e a r t  
v o ~  BEZOLD a came to the  conclusion t h a t  there  were sensory  vaga i  
fibers o r ig ina t ing  in t he  h e a r t  whose s t imu la t i on  h a d  a vasodepressor  
effect. This  a n t e d a t e d  b y  th ree  yea r s  the  d i scovery  of  the  depressor  
nerves  of  t he  a o r t a  b y  LUDWIG and  your CYoN 4x. I n  1867, vole B]~ZOLD 
a n d  HncT 7 observed  t h a t  m e d i u m  doses of  ve ra t r ine  caused a decrease  
in  blood pressure ,  which  could be p r e v e n t e d  b y  sec t ioning the  vagus  
nerves,  and  which could no t  be fu l ly  exp la ined  b y  the  a c c o m p a n y i n g  
b r adyca rd i a ,  vo1¢ BEZOLD exp la ined  the  vasodepressor  ac t ion  as due  to  
a s t imu la t ion  b y  ve ra t r ine  of  the  sensory nerve  endings o f  the  vagus  he 
h a d  recognized earlier,  and  of  the  depressor  nerves.  H e  as sumed  the  
nerve endings to  be sp read  ou t  under  the  inner  surface of  the  hear~, a n d  
the i r  s t imu la t i on  to  l ead  to  reflex inh ib i t ion  of  the  v a s o m o t o r  center  
t hus  causing vasod i l a t a t ion ,  v o ~  BEZOLD a n d  HI_RT d id  n o t  d e a r l y  
decide on the  r e l a t ive  i m p o r t a n c e  of  the  vaga l  fibers versus  t he  t rue  
depressor  f ibers;  nor  d id  v. B]~ZOLD advance  conclusive p roof  t h a t  
sensory  vaga l  fibers f rom the  lungs or f rom the  abdomina l  a rea  were no t  
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Hv.yMA~S, Ghent; KRXY~R, Boston; DAWES, Oxford; ZOTT~RMA~, Stockholm; 
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responsible for the vasodepressor effect. However, he thought  of and 
rejected both possibilities. 

Of the investigators of the pharmacology of the vera t rum alkaloids 
before 1920, LISSAVE~ in 1887, using eevadine, rejected voN BEZOLDS 
interpretat ion of the mechanism of the vasodepressor action a°. WATTS 
EDEN in 18924~, on the other hand, considered it  possible to ascribe the 
vasodepressor effect of small doses of protoveratrine to the reflex inhibi- 
tion of the vasomotor  center caused by stimulation of the depressor 
nerves. In  1915 C ] ~ E ~  1°, working with an alkaloidal extract  from 
Veratrum viride, confirmed YON BEZOLDS concept of a reflex decrease in 
blood pressure due to vasodilatation. As a rule, this effect was accom- 
panied by  a reflex decrease in heart  rate and by a reflex slowing or 
stoppage of the respiration. All these effects could be reliably seen only 
if small doses were used. They were dependent upon the integrity of the 
vagus. However,  C ~ E ~ ,  probably under the influence of the studies of 
BRODIE and RUSSELL 9, ascribed the effect to a selective action of the 
Vera t rum viride alkaloids on the afferent nerve endings of the vagus 
in the lungs. In  his review on veratrine and protoveratrine in 1920 
BoEm~ 9, in whose laboratory LISSAUER and WATTS EDEN had done 
their work, did not  resolve the controversy between the authors referred 
to. BoEn~, however, concisely stated yon  BEZOLDS concept: "The 
pr imary fall in blood pressure is explained by  yon  BEZOLD and HInT by 
the stimulation of (sensory) depressor cardiac nerves which are carried 
in the stem of the vagus nerves and whose effectiveness according to 
vo~  BEZOLD may surpass tha t  of the true depressor nerves." 

2. The circulatory action of Viscum album 
In  1935 J ~ u s c ~  and HE.WZE began experimental studies on the 

circulatory action of Viscum album L., the European mistletoe. Blood 
pressure fall and heart  rate decrease caused by  extracts of the active 
principles could be abolished or prevented by  cutting the vagi or by 
cold block. HENZE and J ~ I s c H  found the Viscum album principles still 
fully active under the conditions 1, 2 and 3 illustrated in Fig. 1 : after 
denervation of the aorta and the origin of the big vessels (by severing 
their sheaths, thus dividing the depressor nerves and the sympathet ic  
outflow to the heart) a t  1 ; after the vagus had been cut below the heart, 
at  2 ; after the lungs had been denervated, at  3. On the other hand, after 
sectioning of the cardiac vagal fibers - -  at  4 - -  only a slight blood 
pressure decrease occurred. Finally, after severing all nervous connections 
of the heart  - -  at  1 and at  4 - -  the Viscum album extract  became 
inactive, indicating tha t  the effect to some extent could be elicited via 
the depressor nerves. 



T

The result of this work published in 1937 and in a series of  sub- 
sequent publications*, gave evidence of a vasodepressor and cardio- 
decelerator reflex originating in the heart, and carried by  afferent 
vagal fibers; a reflex, similar in general to the depressor reflex and the 

- - - d o r / e a a t , ' J o  

Fig. 1. The effect of denervation upon 
the circulatory action of V i s e u m  a l b u m .  

For explanation see text. (l~eprinted 
from A. JARISCH: Wien. klin. Wschr. 

1988, 1032) 

carotid sinus reflex but  independent of 
both. Corroborative evidence for the reflex 
nature of the phenomenon was advanced 
showing tha t  a reciprocal inhibition of 
accelerans act ivi ty accompanied the 
reflex bradycardia,  and an increase in 
organ volume - -  especially of the liver - -  
accompanied the reflex decrease in blood 
p r e s s u r e  19,48,44. 

/ 

a b c d 
Fig.2 a - -d .  The effect of denervation upon the circu- 
latory action of vcratrine. For explanation see text. 
[Reprinted from A. ffAmSCH: Arch. Kreisl.-Forsch. 7, 

260 (1940)] 

3. Experiments with veratrine. The Bezold effect 
Searching for other substances with similar action, ffARISCH and his 

associates became aware of veratrine through the review of BOEH~ s 
who referred to vo~ BEZOLD and Hn~TS observation, as mentioned above. 

Thereupon extensive systematic studies, also concerning the ana tomy 
and physiology of the cardiac nerves, were initiated to substantiate 
VONBEZOLDS concept**. In  1939 JARISC~ and RICHTER published their 
work on veratrine (in the eat), in which they  utilized the techniques 
employed in the s tudy of Viseum album. Their results concerning the 
vasodepressor and cardiodecelerator action of veratrine JARISCX has 
diagramatically represented in Fig. 2, regarding the influence of 
denervation. They were as follows : 

a) Denervation of aorta and origin of large vessels had no influence. 
b) I f  the innervation of aorta and large vessels was left intact,  but  

the heart  and lungs were denervated, then the effect had disappeared. 

* 14,18,20,21,30. __ *$ 2,22,23,81--$4,45 

25* 
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c) I f  the aorta and the origin of the large vessels were denervated, the 
left lung was denervated and the main bronchi were taken out of their 
sheaths, the right lung was removed, and the vagi were cut above 
diaphragm, then no influence upon the veratrine effect was noticeable. 

d) I f  the innervation of aorta, lungs and atria of the heart was left 
intact, but the ventrieular nerves were blocked by epicardial anesthesia, 
then the veratrine effect was absent or was much reduced. 

J A ~ s c ~  and RrC~T~R concluded that  vo~¢ BEZOLDS interpretation of 
the (primary) blood pressure decreasing action of veratrine was correct. 

Impressed by the bold concept of y o n  BEZOLD, w h o  - -  as JARISCH 
once put it --  had anticipated by 70 years the modern concept of chemo- 
sensitivity of the regulatory nerves, JARISCtI, in 1939, designated as 
BISZOLD effect the cardiovascular and cardiocardiac reflex revealed by 
veratrine and by the active principles of Viseum album 33. 

According to JAnISCHS definition the apparatus of the B~ZOLD effect 
consists of: a) the reflexogenous zone in the heart predominantly in the 
ventricular muscles; b) the afferent pathways in the vagi; e) the efferent 
pathways, composed--as with all depressor reflexes--of two divisions, 
one in the vasomotor pathways to the vessels, the other returning to the 
heart via the vagus. 

4. The detector substances 
Veratrine and the active principle of Viscum album were tile first of 

a large series of substances which JAR~SCU named "detector substances" 
of the B~ZOLD effect. Between 1941 and 1943 aeonitine 1~, histamine =9, 
potassium ion 1, adenosine and ATP 24, among others 27, were found by 
JA~ISC~ and his associates to exert effects which put them into this 
classification. Antagonists to the detector substances also were uncovered 
such as calcium ion1, =9, local anesthetic agents, and antihistaminic 
agents 15 is Other investigators have added to this list. There is doubt 
in my mind whether or not many of the substances deserve their classi- 
fication as detector substances of the BEZOLD effect. A discussion of the 
controversial issue is not profitable at present ; nor do I consider myself 
competent to undertake it. 

However, a few points of general importance concerning the use of 
so-called detector substances deserve to be mentioned. Since the strongest 
experimental support for the existence of the BEZOLD effect resulted 
from work with veratrum alkaloids, my comments will be restricted to 
these substances. Only the ester alkaloids of the tertiary amines are 
active. All these ester alkaloids exert effects on various excitable struc- 
tures and--depending upon the dose, or upon experimental procedures 
of localizing the agent --the overall effect may be more or less complex 36,aT. 

I t  is well known that  the veratrum ester alkaloids cause vase- 
depressor and cardiodecelerator action from various areas outside the 
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heart. Such effects JAttlSC~ and his associates have themselves been 
able to elicit from the lungs 2 and from the carotid body 31. Others have 
shown that ,  apar t  from these sites, areas closer to the central nervous 
system, or within it, also may  respond in the same way. I f  the doses 
of the active alkaloids are large, the chances are especially great tha t  
more than  one of these areas will participate in the overall circulatory 
response; in addition, large doses may  
cause effects qualitatively different 
from those of small doses. CR~WR, 
as mentioned above, emphasized the 
necessity of using small doses in order 
to clearly demonstrate  the reflex 
circulatory (and respiratory) action of 
vera t rum viride. 

Even small doses, in the intact  
animal, can readily find access to 
several sensitive targets. For  this 
reason, the studies conducted in m y  
own laboratory with vera t rum ester 
alkaloids a t tempted  the localization 
of the agent to a particular site by  
using suitable preparations such as the 
innervated heart-lung preparation or 
other perfusion techniques 3s,39,4~. 

I t  is the great  meri t  of  DAw~s12,13 
to have combined the use of smallest 

AoNe / p  

P.V. ~ 

Fig. 3. Left lateral diagram of preparation 
for simultaneous perfusion of the coronary 
arteries of the dog. Cannulae are shown in 
the right coronary artery (a); the peripheral 
end of the left circumflex (b); and the 
central end of the left circumflex (c) which 
now feeds only the left superior atrial 
coronary artery. The aorta, pulmonary 
artery (P.A.) and pulmonary veins (P.V.) 
have been divided. [Reprinted from G. S. 
DXWES: J. Pharmacol. exp. Ther. 89, 

325 (i947)] 

effective doses with their localized administration to the decisive 
target  by  injecting the vera t rum ester alkaloids into the coronary 
arteries or into segments thereof, as illustrated in Fig. 3. This, in 1947, 
has provided positive proof  tha t  it is indeed possible to ehcit a reflex 
depressor and reflex cardiodecelerator effect (dependent upon the inte- 
gri ty of the vagus) from the heart  itself; tha t  is, in the cat from the 
area supplied by  the right and left coronary arteries, and in the dog 
exclusively from the area supplied by  the circumflex branch of the left 
coronary artery, or mainly from the left ventricle. The observations of 
DAw]~s were confirmed in the laboratory of SCHMIDT 4,5. In  some of 
these experiments the skillful use of catheterization techniques allowed 
localized administration to the coronary circulation while a t  the same 
time obviating the severe surgical procedures required in DAwEs' experi- 
ments. 

5. Eleetrophysiologieal studies 
Ten years ago, in 1943, JARISC~ began to interest the physiologists 

in the electrophysiological investigation of the afferent "BEZOLD path- 
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way".  A large body of work initiated by AMANI~ ~ and SO~IA~F~.R 3 was 
recently reviewed by SOHA]~F~I~ 46. Subsequent important studies were 
conducted by JA~ISOH and ZOTT~R~AN aS. You will hear more about the 
fibers involved in the BWZOLD effect from the other speakers of this 
s y m p o s i u m ,  DAw]~s 11, ZOTTERI~IA1749 a n d  WHITTERIDGE 4s. 

6. The meaning of the Bezold effect 
J ~ I s c ~  himself ~, 2s has advanced many stimulating and challenging 

arguments in favor of considering the B]~ZOLD effect as an endophylactic 
trophotropic protective reflex in the sense of HEss, coming into action, 
for example, in fainting. Others, although no longer denying the existence 
of the BEZOLD effect, are of the opinion that  neither the structure of 
the receptors, nor the adequate stimulus, nor the meaning is known 
as yet*. 

7. Bezold-Jariseh effect versus Bezold effect 
The term BEZOLD effect, introduced by JARISCH in 1939, has been 

used for the circulatory reflex discussed above. Considering the evidence 
presented, it is obvious that  the substantiation of the concept rests 
largely upon an independent discovery of J~a~IscH followed by a vast 
amount of searching and skillful experimental work, which J ~ I s c ~  
himself conducted together with his coworkers; or which J~_~ISCH 
inspired, or provoked, others to carry out. As early as 1942 STRUG- 
HOLD and BENZINGER 25 added JARISCH'S name to that  of y o n  BEZOLD 

when speaking about the BEZOLD effect; I share their opinion that  ADOLF 
J~U~ISCH'S work should be generally recognized by designating as BEZOLD- 
JARISCH Effect the cardiogenous reflex which he established. 

References 
1 A~A~, A., and A. J~_RIsc~: Naunyn-Schmiedeberg's Arch. exp. Path. Pharmak. 

201, 46 (1943). 
2 AMA~, A., and H. RICHTER: Naunyn-Sehmiedeberg's Arch. exp. Path. Phar- 

mak. 196, 274 (1940). 
a A M ~ ,  A., and H. SCHAV.F~R: Pfliigers Arch. ges. Physiol. 246, 757 (1943). 
4 Avi~a)o, D. M., jr., R. G. PONTIUS and C. F. SCHM:~DT: J. Pharmacol. exp. Ther. 

97, 420 (1949). 
a AVIADO, ]). 1V[., jr., T. H. LI, W. KALOW, C. 1 ~. ScH~nDT, G. L. TURNBULL, G.W. 

PESKIN, M. E. HESS and A. J.  WEIss: Amer. J .  Physiol. 165, 261 (1951). 
e BEZOLD, A. voN: Untersuchungen fiber die Innervation des Herzens, 1862 

(quoted from reference 7). 
? BEZOLD, A. VON, U. L. HIRT : Untersuchungen aus dem physiol. Lab. Wfirzburg. 

1867, S. 73. 
a BOEH~f, 1~. : Heffter's tIandbuch der exper. Pharmakologie 2. Part  1, 249 (1920). 

* For reeen~ references to the BEZOLD-J~RmCH effect and its role see Physiol. 
Rev. 40, Suppl No. 4, 1960: E. NEI~, 201--208; H. SCHAEFER, 213--231; and 
Verhandlungen der I)eutschen Gesellschaft fiir Kreislaufforschung. 25. Tagung. 
Darmstadt :  Steinkopff 1959. K. K R ~ E R ,  142--163. 



The History of the Bezold-Jarisch Effect 367 

BRODr~, T. G., and A. E. RUSSEt.L: J. Physiol. (Lond.) 26, 92 (1900). 
10 CE~ER, W.: J. Pharmacol. exp. Ther. 7, 63 (1915). 
11 DAw~s, G. S.: Abstr. of Comm., XIX Internat. Physiol. Congress, Montreal, 

1953, p. 51. 
12 DAWES, G. S. : J .  Pharmacol. exp. Ther. 89, 325 (1947). 
18 DAWES, G. S., J .  C. MOTT and J .  G. WmDXCO~BE: Brit. J .  Pharmacol. 6, 675 

(1951). 
It EBSTER, H.,  and A. J ~ s c ~ :  Naunyn-Schmiedeberg's Arch. exp. Path.  Phar- 

mak. 1 ~ ,  298 (1929). 
is EICHHOLTZ, F., A. FLECKENSTEI~ a~ld R. ]~USCHAWECK: KliIl. Wschr. 1949, 71. 
is FLECKENSTEn~,A., R. MUSC~WECK and F. BOHLIIqGER: Naunyn-Schmiede- 

berg's Arch. exp. Path. Pharmak. 211, 132 (1950). 
17 GEILE~rKmCHE~, H. : Naunyn-Schmiedeberg's Arch. exp. Path. Pharmak. 198, 

274 (1940). 
is HENZE, C.: Arch. int. Pharmacodyn. 58, 44 (1936). 
1, HENZE, C., and A. J ~ s c H :  Naunyn-Schmiedcberg's Arch. exp. Path.  Pharmak. 

191, 30 (1938). 
20 HE~ZE, C., and K. F. W. LUDWIG: Naunyn-Schmiedeberg's Arch. exp. Path.  

Pharmak. 187, 694 (1937). 
21 JXRISOH, A. : Wien. klin. Wschr. 1988, 1032. 
~8 J ~ s c ~ ,  A. : Arch. Kreisl.-Forsch. 7, 260 (1940). 
~8 J ~ i s c ~ ,  A. : Arch. Kreisl.-Forsch. 9, 1 (1941). 
2~ J~La~SC~, A. : Klin. Wschr. 1941, 1045. 
~5 JA_~SCH, A. : Vom Herzen ausgehende sensible Erregungen. Schriften der deut- 

schen Akademie der Luftfahrtforschung. 7, 61 (1943) (see discussion). 
2s J~LRISCH, A. : Die Ohnmacht und verwandte Zust~nde als biologisches Problem. 

Klin. Med. 8, 956 (1948). 
~7 JA~SCH, A. : Wien. ]din. Wschr. 1949, 551. 
2s JARISCH, A.: Z. phys. Ther. 8, 7 (1950). 
29 J ~ s c ~ ,  A., A. A M e N  and H. RICHTER: Naunyn-Schmiedeberg's Arch. exp. 

Path.  Pharmak. 198, 158 (1941). 
s0 J ~ S C H ,  A., and C. HENZE: l~aunyn-Schmiedeberg's Arch. exp. Path.  Pharmak. 

187, 706 (1937). 
al JXRISC~, A., and H. RIOHT~.R: Naunyn-Schmiedeberg's Arch. exp. Path.  Phar- 

mak. 198, 347 (1939). 
8~ JXRISCH, A., and H. RICHTER: Naunyn-Schmiedeberg's Arch. exp. Path.  Phar- 

mak. 198, 355 (1939). 
a3 J ~ I s c H ,  A., and H. RICHTER: Klin. Wschr. 1989, 185. 
a4 JARISCH, A., ]~. RICHTER and H. T~o~x:  Klin. Wschr. 1939, 1440. 
a5 JARISCH, A., and Y. ZOTTER~AN: Acta physiol. Scand. 16, 31 (1948). 
as KRAVER, O. : Naunyn-Schmiedeberg's Arch. exp. Path.  Pharmak. 209, 405 (1950). 
a7 KP~YEE, 0.,  and G. H. AC~ESON: Physiol. Rev. 26, 383 (1946). 
as K~AYVR, O., G . K .  MOE and R. ME~DEZ: J .  Pharmacol. exp. Ther. 82, 167 

(1944). 
~ K~AYER, 0.,  E .  H. WOOD and G.~CIONTES: J .  Pharmacol. exp. Ther. 79, 215 

(1943). 
~0 L~SS~UER, H. : Naunyn-Schmiedeberg's Arch. exp. Path.  Pharmak. 23, 36 (1887). 
~1 LU~DW~O, CARL, and E. vo~ CYo~: Arbeiten aus dora physiol. Inst i tut  Leipzig 

18, 307 (1866). 
aa MOE, O. K.,  D. L. BASSETT and O. KR~kYER: J .  Pharmacol. exp. Ther. 80, 272 

(1944). 
~ RICHTER, H. : Naunyn-Schmiedeberg's Arch. exp. Path. Pharmak. 191, 40 (1938). 



368 OTTO KRAYER: The History of the Bezold-Jarisch Effec~ 

44 RICHTER, H., and H. SCHROCKSNADEL :/qaunyn-Schmiedeberg's Arch. exp. Path.  
Pharmak. 191, 23 (1938). 

45 RICHTEr, I-I., and H. THO~A: Naunyn-Schmiedeberg's Arch. exp. Path. Phar- 
mak. 198, 355 (1939). 

46 SC~ErER, H. : Ergebn. Physiol. 46, 71 (1950). 
a7 WATTS EDEN, T. : Naunyn-Schmiedeberg's Arch. exp. Path. Pharmak. 29, 440 

(1892). 
4s WHITTERIDGE, D. : Abstr. of Comm., X I X  Internat.  Physiol. Congress, Montreal 

1953, p. 66. 
49 ZOTTERMA~, Y." Abstr. of Comm., X I X  Internat.  Physiol. Congress, Montreal. 

1953, p. 59. 

Professor Dr. O. KRAY]~R, 
Harvard Medical School, Department of Pharmacology, 

25, Shattuek Street, Boston 15/Mass. USA 


