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A study of bioelectrical responses of the urethral sphincter to stimulation of the central ends of the 
divided pudendal and pelvic nerves showed that the threshold amplitude of the stimulus and latent period of 
the response are higher to stimulation of the pelvic nerves than of the pudendal. With an increase in pres- 
sure in the bladder,  the amplitude of the response  to st imulation of both groups of nerves at f i rs t  increases  
and then decreases .  

Stimulation of the pudendal nerves  is followed by a prolonged a f t e r -depress ion  the depth of which 
depends on the amplitude of the stimulus. Stimulation of the pelvic nerves  leads to polyphasic changes in 
excitability. In this case a phase of exhaltation is observed if the stimulus amplitude is high. 

If the s trength of st imulation of mechanorecep tors  in the distal part  of the ure thra  [2] and ur inary  
bladder [3] is increased,  the bioelect r ical  activity of the ure thra l  sphincter muscle  at f i rs t  increases  and 
then decreases  down to total inhibition. However, the shape of the curves  describing the relat ionship be-  
tween the amplitude of this activity and the s trength of st imulation differs in the two cases .  A par t icular ly  
c lear  manifestat ion of this difference is that the increase  in activity in response  to st imulation of recep tors  
of the distal part  of the ure thra  is much g rea te r  than in response  to stimulation of the bladder r ecep to r s .  

For  a more  detailed analysis of the nervous mechanisms  of sphincter ref lexes,  it is essential  to know 
such important  pa ramete r s  of these ref lexes as the thresholds of stimulation and maximal  response,  latent 
periods,  and change in excitability of the nervous centers .  To determine these pa rame te r s  the method of 
e lect r ical  st imulation of the corresponding afferent  pathways was used. 

EXPERIMENTAL METHOD 

Experiments were carried out on 30 fully grown cats anesthetized with urethane (i g/kg). Stimuli 

from a two-channel stimulator were applied to the central ends of the divided branches of the pelvic nerve 

containing afferent fibers from the bladder, and of the pudendal nerve containing afferent fibers from the 

distal part of the urethra and the perineal skin. The distance between the stimulating electrodes was 4 

mm and the stimulus duration 0.2 msec; the intensity was above threshold. Potentials of the sphincter 

muscles were detected by needle electrodes and recorded on a CROo 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

Elec t r ica l  stimulation of branches  of the pudendal nerve in all experiments  led to the appearance of 
high-amplitude potentials in the ure thra l  sphincter muscles .  Since the shape of the potential var ied es-  
sentially from one experiment to another and also in the course  of the same experiment (Fig. 1A), to a ssess  
the magnitude of the reflex response ,  we integrated the response over a period of 50 msec  from the time 
of stimulation. 

M. F. Vladimirski i  Moscow Regional Clinical Resea rch  Institute. (Presented by Academician V. N. 
Chernigovskii.) Trans la ted  from Byulleten'  Eksper imenta l 'noi  Biologii i Meditsiny, Vol. 68, No. 10, pp. 25- 
28, October,  1969. Original  ar t ic le  submitted March 18, 1969. 

�9 Consultants [~ureau, a division of Plenum Publishin~ Corp~ration~ 227 ~/est ]7th~treet~ New YarE~ 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

1094 



A 

1TISeC 

�9 1 3  

/0 1TISr 

[,o 

I I 

lO 20 

mm Hg 

I_  
3O 

Fig. 1. Change in sphincter response  to single e lect r ical  s t imu- 
lation of central  end of divided pudendal (A) and pelvic (B) nerve 
during an increase  in intravesical  p ressure .  Numbers on f r ames  
show intravesical  p r e s su re  (in mm Hg); C - m e a n  amplitude o f  
sphincter response  (~/~0) to stimulation of pudendal (a) and 
pelvic (b) nerves  and also of background activity of sphincter (c) 
as a function of int ravesical  p re s su re  (abscissa) .  
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Fig, 2. Changes in excitability of moto r  
center  of ure thra l  sphincter in response  
to conditioning stimulation of pudendal (A) 
and pelvic (B) nerves  by e lect r ical  pulses 
of threshold (P) and maximal  (10P) strength. 
Abscissa ,  intervals  between pulses (in msec); 
ordinate,  mean relat ive amplitude of r e -  
sponse to test  st imulation of pudendal nerve.  

With the bladder emptied, the threshold ampli -  
tude of st imulation averaged 0~ V and the latent pe-  
r iod 13 msec .  The sphincter response  reached a maxi -  
mum when the amplitude of the stimulating pulse was 
8 t imes above the threshold level. 

A previous investigation showed that with an in- 
c r ea se  in intravesicaI  p res su re ,  the activi ty of the 
sphincter in 17~c of experiments  was a lmost  zero and 
remained  unchanged, in 33~ of experiments  it was in- 
hibited, and in 50~ of experiments  it underwent biphasic 
changes: it increased when the p re s su re  was low and 
was inhibited when the p re s su re  was high. In the ex- 
periments  now being discussed,  s imi lar  changes in 
background activity took place. However, i r r espec t ive  
of this, the sphincter response  to e lec t r ica l  st imulation 
of the pudendal nerve had increased  in all experiments  
when the in t ravesical  p r e s s u r e  was low, and it was r e -  
duced, and ult imately disappeared completely,  when 
the p re s su re  was high (Fig. 1A). The relat ionship be- 
tween response  amplitude and intravesical  p r e s s u r e  is 
shown in Fig. 1C (curve a) as the mean of 12 experi-  
ments.  The mean relat ionship between background ac-  
tivity and int ravesical  p r e s su re  is also given in the 
same figure (curve c). 

Unlike the response  to stimulation of the pudendal nerves,  the response  of the sphincter to st imulation 
of branches  of the pelvic nerve appeared only if the stimulating electrodes  were applied to thick branches 
of the pelvic plexus. Its amplitude was smal le r  and its latent period (mean 20 msec)  and duration were  
longer.  With the bladder empty the mean threshold of st imulation was 1 V, and the response  amplitude 
reached a maximum when the strength of stimulation was 10 t imes above the threshold. With an inc rease  
in intravesical  p r e s su re  the response  of the sphincter to st imulation of the pelvic nerve underwent the same 
changes as that to stimulation of the pudendal nerve: with a low int ravesical  p r e s su re  an increase  in the 
integral  response  was observed,  but when the p re s su re  was high the response  was reduced (Fig. 1B and C, 
curve b). 
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A ref lex  i nc rea se  in sphinc ter  act ivi ty  in r e sponse  to e l ec t r i ca l  s t imulat ion of the pelvic ne rve  of high 
intensi ty conflicts  with the r e su l t s  of expe r imen t s  with adequate s t imulat ion of the bladder  r e c e p t o r s ,  de-  
mons t ra t lng  the inhibi tory act ion of a s t rong s t imulus  [3]. This  contradic t ion can be explained on the a s -  
sumption that a f fe ren t  impulses  f rom the bladder  have a r e l a t ive ly  weak action, with a low threshold  of ex- 
citation, on the sphincter  motoneurons ,  and also an inhibi tory action, with a high threshold and developing 
la te r .  To tes t  this hypothesis  a s e r i e s  of exper imen t s  was c a r r i e d  out in which changes in exci tabi l i ty  of the 
moto r  cen te r s  of the sphincter  were  studied in ~esponse to conditioning s t imulat ion of the pudendal (Fig. 2A). 
and pelvic (Fig. 2B) ne rves .  The level  of exci tabi l i ty was a s s e s s e d  f rom the re la t ive  ampli tude of the r e -  
sponse to t es t  s t imulat ion of a b ranch  of the pudendal nerve,  applied at an in terval  of 20-1000 m s e c  a f te r  the 
conditioning s t imulus .  With an in te rva l  of l e s s  than 20 m s e c ,  in a s e r i e s  of exper iments  superpos i t ion  of the 
effects  produced by both st imuli  was observed ,  and i twas  imposs ib le  to ca lcula te  the ampli tude of the r e -  
sponse to the t es t  s t imulus .  

Thresho ld  (P) and m ax i m a l  (10P) s t imulat ion of the pudendal ne rve  lowered the exci tabi l i ty  of the 
moto r  center  of the sphincter  (Fig. 2A). Excitabi l i ty was l eas t  when the durat ion of the in te rva l  was 20 
m s e c .  An inc rea se  in durat ion of the in te rva l  was accompanied  by gradual  r e c o v e r y  of excitabil i  W. If the 
ampli tude of the s t imulat ing pulse was high (10P), a g r e a t e r  d e c r e a s e  in exci tabi l i ty  was obse rved  over  a 
longer per iod of t ime .  

If the conditioning s t imulus was applied to the pelvic nerve,  the pa t te rn  of change in excitabil i ty was 
m o r e  complex than during s t imulat ion of the pudendal nerve .  Fo r  example ,  in r e s p o n s e  to s t imulat ion of 
nea r - t h r e sho ld  value (P), a dec r ea s e  in exci tabi l i ty  was obse rved  in the in terval  of 20-100 m s e c  af ter  the 
conditioning s t imulus ,  while in the in te rva l  of 100-1000 m s e c ,  the level  of exci tabi l i ty r e tu rned  s teadi ly  to 
i ts  initial value (Fig. 2B). In the case  of m ax ima l  s t imulat ion of the pelvic ne rves  (10P), with in te rva l s  of 
20-50 m s e c  a sl ight dec r ea s e  in exci tabi l i ty  was observed,  with in te rva l s  of 50-200 m s e c  exci tabi l i ty  in-  
c r e a s e d  and actual ly  exceeded its  initial  level ,  and with in te rva ls  of 200-500 m s e e ,  it fell  again below its 
initial level ,  a f te r  which it slowly r e c o v e r e d .  S imi lar  changes in exci tabi l i ty  of the moto r  center  we re  d i s -  
covered  in exper imen t s  in which s t imulat ion of the pelvic ne rves  was used as both conditioning and tes t ing 
s t imulus .  

Compar i son  of the r e su l t s  i l lus t ra ted  in Fig. 2A and B indicates  the different  c h a r a c t e r  of changes 
taking place in exci tabi l i ty  in r e s p o n s e  to s t imulat ion of the pudendal and pelvic ne rves .  Gradual  r e c o v e r y  
of the initial level  of exci tabi l i ty  a f te r  s t imulat ion of the pudendal ne rve  (Fig. 2A) co r r e sponds  to the a f t e r -  
depress ion  of motoneurons  as a r e s u l t  of the i r  s t rong excitation, desc r ibed  by other  w o r k e r s  [1, 5]. 

The change in exci tabi l i ty in r e s p o n s e  to weak s t imulat ion of the pelvic nerve  has much in common 
with the p ic ture  of a f t e r - d e p r e s s i o n  (Fig. 2B, curve  P). With high ampli tude of the stffnulating pulse,  the 
shape of the curve  in exci tabi l i ty  is modif ied by the appearance  of a posi t ive phase  in the in terva l  100-200 
m s e c  (Fig. 2B, curve  10P). Th is  p ic ture  can apparent ly  be obtained as  a r e su l t  of superpos i t ion  of a f t e r -  
depress ion  caused by excitat ion of motoneurons  and t e m p o r a r y  exhaltat ion (~positive rebound n [4]), con- 
nected with the development  of the inhibi tory act ion of s t rong ( t0P) e l ec t r i ca l  s t imulat ion of the pelvic ne rves .  
Changes of this type in exci tabi l i ty of the spinal  cord  motoneurons  to s t imulat ion of the pelvic ne rves  have 
also b.een obse rved  b y o t h e r  worke r s  [6, 7]. However ,  the mechan i sm of this phenomenon has not ye t  been 
explained, 
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