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SENSITIZATION OF DORSAL ROOT FIBERS 

BY BRADYKININ AND ACETYLCHOLINE 

TO STIMULATION BY POTASSIUM IONS 

P. E~ Chernilovskaya UDC 612. 816.7 

Acetylcholine (AC) and bradykinin (BR), in sufficiently high concentrat ions,  induce exci ta-  
tion of chemosensi t ive dorsal  root f ibers,  as shown by the appearance of  p r e s s o r  reflexes.  
In low concentrat ions these substances induce subthreshold depolarization, revealed by an 
increase  in the sensit ivity of the chemisensi t ive dorsal  root f ibers to stimulation by po ta s -  
sium ions. Threshold AC concentrat ions for the sensi t izing effect are  0 .01-0 .1  pg/ml,  
and the cor responding  concentrat ions of BI~ are  0~ 001-0.01 t~g/ml, i . e . ,  they are  in- 
distinguishable f rom threshold doses for excitation of the t issue recep tors .  In the case of 
AC these concentrat ions are  500-1,000 times,  and of BI~ 1 ,000-5,000 t imes lower than 
threshold concentrat ions for di rect  excitation of afferent f ibers .  After t reatment  with 
BR, the threshold KCI concentration for excitation of afferent  f ibers is reduced to the 
charac te r i s t i c  values for  the potass ium ion concentration in foci of inflammation. ~ince 
in such foci kinin formation is increased,  this suggests  that the effect of sensit ization of 
the f ibers to the action of potassium ions by BR may play a role in the genesis of inflam- 
matory  hyperalgesia .  

Among the dorsal root fibers there is a group of chemosensitive fibers [I0, 15] whose properties 

have as yet received little study. By contrast with the peripheral nerves, the connective-tissue sheaths of 

the dorsal roots are poorly developed. The chemosensitive properties of the dorsal root fibers can there- 
fore be investigated by application of the stimulus to their surface. A bundle of these fibers can be re- 

garded as a convenient model for the study of certain properties of the chemosensitive receptor zones of 

the body. 

It has previously [5] been shown that dorsal root fibers are excited by potassium ions in concentra- 

tions of about 20 mM and above. Acetylcholine and bradykinin are known to increase the sensitivity of 

peripheral afferent nerves to stimulation by potassium ions [2, 4]. 

The object of this investigation was to determine whether the sensitivity of dorsal root fibers to 

stimulation by potassium ions can be increased by the action of acetylcholine (AC) and of bradykinin (BR)o 

E X P E R I M E N T A L  M E T H O D  

the  p ressu re  in the carot id a r t e ry  was recorded  in cats anesthetized with urethane (20% solution). 
Solutions of the stimuli were applied to dorsal  root  L7 by the method descr ibed previously [5]. In each 
experiment  the action of potassium ions were studied in subthreshold, threshold, and superthreshold con- 
centrat ions before and af ter  application of AC and BR to the roots .  The action of AC was tested in eight 
experiments  and that of BR in nine exper iments ,  During each success ive  experiment  the concentration of 
these substances was increased by 5-10 t imes.  In the f i rs t  three experiments  of each ser ies  the presence 
of a sensi t izing effect was established (for AC in concentrat ions of between 10 pg and 10 mg/ml ,  for BR in 
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Fig .  1. P r e s s o r  r e f l e x e s  a r i s i n g  in r e s p o n s e  to the a c t i o n  
of p o t a s s i u m  c h l o r i d e  on the d o r s a l  r oo t  and a f t e r  a p p l i c a -  
t ion of AC to i t  in a c o n c e n t r a t i o n  of 50 # g / m l .  F r o m  top 
to bo t t om:  r e s p i r a t i o n ,  a r t e r i a l  p r e s s u r e ,  m a r k e r  of 
s t i m u l a t i o n ,  t ime  m a r k e r  (30 sec ) .  Z e r o  l ine  c o i n c i d e s  
wi th  t i m e  m a r k e r .  N u m b e r s  above  m a r k e r  of s t i m u l a -  
t ion show c o n c e n t r a t i o n  of p o t a s s i u m  c h l o r i d e  (in raM).  

c o n c e n t r a t i o n s  of be tween  0 .1  and 10 # g / m l ) i  whi le  in the next  e x p e r i m e n t s  the t h r e s h o l d  c o n c e n t r a t i o n s  
for  th i s  e f fec t  w e r e  d e t e r m i n e d  (for AC, s t a r t i n g  with  a c o n c e n t r a t i o n  of 0 .01  # g / m l ,  and f o r  BR s t a r t i n g  
with  a c o n c e n t r a t i o n  of 0. 001 p g / m l ) .  

E X P E R I M E N T A l ,  R E S U L T S  

A f t e r  a p p l i c a t i o n  of AC to the d o r s a l  r o o t  p r e s s o r  r e f l e x e s  a p p e a r e d  in s ix  a n i m a l s .  The t h r e s h o l d  
c o n c e n t r a t i o n  fo r  th is  e f fec t  was  10-50 pg/ml. With an i n c r e a s e  in c o n c e n t r a t i o n  the r e f l e x e s  w e r e  
s t r e n g t h e n e d ,  to r e a c h  a m a x i m u m  at  1 mg/ml. In two exper imen~,s  no r e f l e x e s  a p p e a r e d  even  in r e s p o n s e  
to a c o n c e n t r a t i o n  of 10 m g / m l .  B r a d y k i n i n  i nduced  p r e s s e r  r e f l e x e s  in only t h r e e  of nine e x p e r i m e n t s ,  
and then only in r e l a t i v e l y  high c o n c e n t r a t i o n s  (5-10 m g / m l ) .  The i n c r e a s e  in i n t e n s i t y  of the p r e s s o r  r e -  
f l e x e s  induced  by  b r a d y k i n i n  was  c h a r a c t e r i s t i c a l l y  s low.  The r e s u l t s  ob ta ined  by  the a c t i o n  of KC1 on the 
d o r s a l  r o o t s  w e r e  the s a m e  as  those  ob ta ined  p r e v i o u s l y :  the mean  t h r e s h o l d  c o n c e n t r a t i o n  was  about  20 
mM [5]. 

The s e n s i t i z i n g  a c t i o n  of AC on the d o r s a l  r oo t  f i b e r s  is  i l l u s t r a t e d  in F ig .  1. The t h r e s h o l d  c o n -  
c e n t r a t i o n  of p o t a s s i u m  ions  for  the d o r s a l  r o o t  was  15 .6  mM.  A f t e r  the a c t i o n  of AC in a c o n c e n t r a t i o n  
of 50 # g / m l  the t h r e s h o l d  c o n c e n t r a t i o n  of p o t a s s i u m  ions  was  l o w e r e d  to 11 .2  raM. The p r e s s o r  r e f l e x e s  
to s u p e r t h r e s h o l d  c o n c e n t r a t i o n s  of KCI a l s o  we re  i n t e n s i f i e d .  T h r e s h o l d  c o n c e n t r a t i o n s  of AC for  the 
s e n s i t i z i n g  e f f ec t  w e r e  0o 0 1 - 0 . 1  m g / m l ,  i . e . ,  500 -1 ,000  t i m e s  be low those  fo r  an e x c i t a t o r y  e f fec t .  The 
s e n s i t i z i n g  e f f ec t  of AC a l so  was  e x h i b i t e d  in the two e x p e r i m e n t s  in which  i t  d id  not  induce p r e s s o r  r e -  
f l e x e s .  

An i n c r e a s e  in the s e n s i t i v i t y  of the d o r s a l  r o o t  f i b e r s  to s t i m u l a t i o n  by KC1 was  p r o d u c e d  by BR in 
a l l  n ine  e x p e r i m e n t s  (F ig .  2).  T h r e s h o l d  c o n c e n t r a t i o n s  of BR fo r  th i s  e f fec t  w e r e  0. 0 0 1 - 0 . 0 1  p g / m l ,  
which  i s  1 , 0 0 0 - 5 , 0 0 0  t i m e s  be low the t h r e s h o l d  fo r  the  e x c i t a t o r y  effect~ In r e s p o n s e  to the a c t i o n  of  BR 
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Fig .  2. P r e s s o r  r e f l exes  a r i s i n g  in r e sponse  to the act ion of 
po t a s s ium chlor ide  on the do r sa l  root  before  and a f t e r  a p p l i c a -  
tion of BR to it in a concent ra t ion  of 1 m g / m l .  F r o m  top to 
bot tom: a r t e r i a l  p r e s s u r e ,  m a r k e r  of s t imulat ion,  t ime m a r k e r  
(5 sec) .  Rema inde r  of legend as  in Fig .  1. 

in concent ra t ions  of 0o 5 p g / m l  and above, jus t  as  in expe r imen t s  on the m e s e n t e r i c  ne rves  [4], r e f l exes  
appea red  to sub threshold  KCI concen t ra t ions :  in this  case  to 11o 7 and 15o 6 mM. 

Sensi t izat ion i n c r e a s e d  with an i n c r e a s e  in the BR concent ra t ion .  In some expe r imen t s ,  however,  
a f t e r  appl ica t ion  of BR in a concent ra t ion  of 10 #g /ml  the r e f l exes  in r e sponse  to po ta s s ium ions were  in-  
c r e a s e d  by a r e l a t i v e l y  s m a l l e r  amount .  This  d e c r e a s e  in the e f fec t iveness  of the sens i t i z ing  act ion of BR 
was evident ly  due to the tachyphylaxis  which is a c h a r a c t e r i s t i c  fea ture  of this subs tance:  a d e c r e a s e  in the 
effects  induced by it on repe t i t ion  of i ts  act ion [3, 4]~ It must  be emphas ized  that the i nc rea se  in the s e n s i -  
t iv i ty  of the d o r s a l  root  f ibe r s  to po ta s s ium ions induced by BR is ve ry  cons iderable"  the th resho ld  con-  
cen t ra t ion  of KC1 was reduced  by 33-50% compared  with that before  the act ion of BR, while the s u p e r -  
th resho ld  r e f l e x e s  were  s t rengthened by 6-7 t imes .  The i n c r e a s e d  sens i t iv i ty  of the do r sa l  root  f ibers  to 
po t a s s ium ions a f t e r  t r e a t m e n t  with AC or  BR p e r s i s t e d  for  s e ve r a l  minutes .  

D I S C U S S I O N  

In low concent ra t ions  AC and BI~ thus i n c r e a s e  the sens i t iv i ty  of d o r s a l  root  f ibe r s  to the exc i t a to ry  
act ion of po t a s s ium ions.  It is  highly s ignif icant  that concent ra t ions  which a re  th resho ld  for  the s e n s i t i z a -  
tion effect  a r e  indis t inguishable  f rom thresho ld  concent ra t ions  for  exci ta t ion  of the t i ssue  r e c e p t o r s :  0o 01- 
0.1 p g / m l  for  AC [1, 2] and 0 .001-0 .01  # g / m l  for  BR [3]. This fact  suggests  that throughout the length of 
the chemosens i t ive  af ferent  f ibe r s  of d o r s a l - r o o t  or ig in  there  is a subs t r a t e  which is r e spons ib le  for  the 
ab i l i ty  of these f ibe r s  to be depo la r i zed  by AC and BR. The act ion of AC and BR in low concent ra t ions  on 
the t e r m i n a l s  ends with the generat ion of sp read ing  potent ia ls ,  whereas  the i r  act ion on do r sa l  root  f ibe r s  is  
l imi ted  to prolonged depo la r iza t ion ,  e x p r e s s e d  as  sens i t i za t ion  to the depo la r i z ing  act ion of po t a s s ium ions.  
This d i f ference  between the cen t ra l  and te rmina l  por t ions  of the af ferent  f ibe r s  is  evident ly  pure ly  quant i -  
ta t ive ,  for  with an i n c r e a s e  in the AC and BR concent ra t ion  the f ibe r s  of some an ima l s  a l so  genera te  
sp read ing  potent ia l s ,  as  is shown by the appea rance  of p r e s s o r  r e f l exes .  

AC in concent ra t ions  of 10-8-10 -~ g /ml  is  known to be able to cause  depo la r i za t ion  of e f ferent  non-  
myel ina ted  f ibe r s  of the ce rv i ca l  sympathe t i c  nerve  [7, 8], without, however,  caus ing  the generat ion of a c -  
tion po ten t ia l s .  These a r i s e  only in r e sponse  to the act ion of AC (not l e s s  than 1-50 #g/ml)  on the p r e -  
t e r m i n a l  segments  of the sympathe t ic  postgangl ionic  f ibe r s  [6, 9, 12-14]. Since the sympathe t ic  p o s t -  
ganglionic f i b e r s a r e  nonmyel inated,  by analogy i t  can be sugges ted  that the af ferent  f ibe r s  depo la r i zed  by 
AC a re  a l so  nonmyel ina ted .  If this  is  so, the r e s u l t s  of these expe r imen t s  demons t r a t e  a spec ia l  p r o p e r t y  
of the m e m b r a n e  of the af ferent  nonmyel ina ted  f i be r s :  that of prolonged p r e s e r v a t i o n  of the s ta te  of d e -  
po la r i za t ion  induced by AC and Bt~, even in v e r y  low concent ra t ions .  

361 



In view of Sonina and Khayutin,[4], the sens i t iz ing  action of BR may  be connected with the hype r -  
a lges ia  a r i s i ng  in inf lammation.  A detai led analys is  of the resu l t s  on this ques[ion has been given e l s e -  
where  [4]. Here  it will s imply  be mentioned that in a focus of inf lammation there  is,  f i r s t ,  act ivat ion of 
p ro t ea se s ,  and the fo rmat ion  of kinins [11, 16] and, second, an inc rease  in the po tass ium ion concentrat ion 
to 7-12 mM [17]. This las t  value is close to the threshold KCI concentrat ion for  excitat ion of nerve  f ibers  
sens i t ized by the act ion of BR. This resu l t  suggests  that the sensi t izat ion phenomenon may lie at the bas i s  
of the hypera lges ia  in inf lammation and, in par t i cu la r ,  in acute radiculi t iso 
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