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In experiments on cats anesthetized with urethane the relationship between the myographic activity 
of the ure thra l  sphincter  and adequate stimulation of ure thra l  receptors  and the skin of the perineum was 
studied. With a low level of background activity these forms of stimulation evoked mainly an increase  in 
activity. With a high level of background activity stimulation evoked inhibitory responses .  During com-  
bined application of both st imuli ,  inhibitory responses  were more  common. 

The urethral  sphincter is formed f rom c i rcu la r  s tr iped muscles  [1, 10, 11], whose afferent  and ef fer -  
ent innervation is effected through the pudendal somatic  nerves  [8l. These same nerves supply the skin of 
the per ineum and genitalia [6]. Many investigations have now been published in which reflex inhibition of 
activi ty of the sphincter was observed during st imulation of receptors  of the ur inary  bladder [4, 7, 8l. Fu r -  
the rmore ,  the investigations of Lagutina [3, 4] and of Gar ry  and coworkers  [91 have shown that increased 
activity of the sphincter  is observed at low intravesical  p r e s su re s ,  changing to inhibition only if the inten- 
sity of st imulation is increased.  Meanwhile the relationship between activity of the sphincter and afferent 
impulses passing along fibers of the pudendal nerves remains  unexplained. Only in a few papers [9, 101 
a re  indications to be found that stimulation of the pudendal nerves increases  the activity of the u re th ra l  
sphincter .  

In the present  investigation an attempt was made to determine the quantitative charac te r i s t i cs  of 
changes in this activity during adequate st imulation of the pudendal nerves .  

EXPERIMENTAL METHOD 

Experiments  were ca r r i ed  out on 25 adult cats anesthetized with urethane (1 g/kg intravenously).  
After laparotomy and removal  of the pubic bone a cannula was tied into the proximal par t  of the u re th ra ,  
through which warm physiological saline was passed to st imulate the  ure thra l  receptors .  The rate of flow 
was approximately  the same in all experiments  (1-1.5 ml / sec ) .  Stimulation of the mechanorecep to r s  of 
the skin of the per ineum and genitalia was ca r r i ed  o u t b y  stroking with a rounded rod. The p res su re  of the 
liquid in the cannula, the e lec t r ica l  activity of the sphincter  muscles ,  and the integral charac te r i s t i c s  of this 
activity determined by means of a diode integrator  with time constant 0.5 sec [5} were recorded  s imul-  
taneously on a loop osci l lograph.  On the subsequen~ records  the integral of activity was represented in con- 
ventional units:  one unit was equivalent to a stimulus of 20 pV, 400 Hz. 

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

A flow of liquid through the ure thra  gave r i se  to varied changes in activity of the muscle of the u r e -  
thral  sphincter ,  the cha rac te r  of the response changing not only f rom one experiment to another, but also 
in the course  of the same experiment (Fig. 1). 

The resul ts  shown in Table 1 i l lustrate that changes in intensity of the response (an increase  in ac-  
t ivity followed by a change to inhibitory responses)  can be attributed to an increase  in the background ac-  
tivity. In fact,  if a graph is plotted f rom the resul ts  of all the exper iments ,  to show the mean relationship 
between the level of activity evoked by stimulation ~s) and the level of the background activity (~o), the 
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Fig.  I .  Types of change of e l e c -  
t r i c a l  ac t iv i ty  of musc l e s  of the 
u r e t h r a l  sph inc te r  in r e s p o n s e  to 
pas sage  of fluid through the u r e -  
th ra :  i n c r e a s e  (A), i n c r e a s e  
changing into in t e r rup ted  ac t iv i ty  
(B), absence  of v i s ib le  changes (C), 
d e c r e a s e  (D). On each t r ace  the 
curves  f rom top to bot tom r e p r e -  
sent:  p r e s s u r e  in flow of l iquid,  
i n t eg ra l  c h a r a c t e r i s t i c  of ac t iv i ty ,  
m y o g r a m  of sph inc te r ,  t ime 
m a r k e r  1 sec .  

curve in Fig. 2A is obtained. All the points on this curve lying 
above the sloping straight line corresponding to the background 
describe a response of strengthening, while those below the line 
describe a response of weakening of activity of the sphincter to the 
same stimnlus. 

A graph can be plotted from the data on the graph in Fig. 2A 
to show the relationship between activity of the sphincter and the 
total afferent flow. The afferent flow evoked by stimulation of the 
urethral receptors was taken as 1. With a zero background, this 
stimulation evoked an activity equal to 0.6 unit (Fig. 2A). With an 
initial activity of 0.6 unit, the addition of this stimulus evoked an 
activity of 1.7 unit, and s0 on. In this way points were successively 
obtained which were then used to plot a graph of the reflex change. 
in activity of the sphincter during stimulation of the pudendal 
nerve receptors (Fig. 2]3). 

Stimulation of the mechanoreceptors of the skin of the perin- 
eum and genitalia evoked approximately the same responses of the 
sphincter as passage of fluid through the urethra: an increase of 
activity, absence of visible changes, and weakening (Table 2). 
The exception was interrupted activity, which practically never 
occurred in response to stimulation of the skin. These results 
show that the character of the response of the sphincter to stimula- 
tion of the skin of the perineum and genitalia likewise depended on 
the level of the initial activity. The graph showing the relationship 
between the state of the sphincter and the equivalent intensity of 
stimulation, plotted from the results of experiments with stimula- 
tion of the skin (the broken line in Fig. 2B), virtually repeats the 
graph plotted from the results of experiments with passage of fluid 
through the urethra. 

Stimulation of the mechanoreceptors of the skin of the peri- 
neumand genitalia during passage of fluid through the urethra is 
essentially equivalent to the application of this stimulus in the 
presence of increased initial activity (Table 3). 

In every case in this series of experiments only stimulation 
of the mechanoreceptors of the skin caused an increase in activity 
of the sphincter (see the last column in Table 3). However, the 
same stimulation against the background of activation of the ure- 
thral receptors in most cases gave an inhibitory effect. The last 
case occupies a special position, for it shows that whereas stimu- 

la t ion of the u r e t h r a  caused  inhibit ion of ac t iv i ty  of the sph inc te r ,  the addi t ion of s t imula t ion  of the skin 
r e c e p t o r s  produced no v i s ib le  r e sponse .  

The r e l a t ionsh ip  given above between the level  of the af ferent  flow f rom r e c e p t o r s  of the pudendal 
n e r v e s  and the e f fe ren t  ac t iv i ty  of the u r e t h r a l  sph inc te r  m us c l e s  is  d e s c r i b e d  by a curve  which has a s lop-  
ing ascending  l imb,  a sma l l  p la teau ,  followed by a s teep  descending  l imb,  t e rmina t ing  in complete  inhibit ion.  
This curve indica tes  thai: the functional s ta te  of the sph inc te r  musc l e s  is de t e rmined  by the number  of a f -  
f e ren t  impu l se s  t r ave l ing  the co r r e spond ing  cen te r s  f rom r e c e p t o r s  of the somat ic  re f lex  a r c .  This con-  
c lus ion  a g r e e s  with Vvedensk i i ' s  quant i ta t ive  p r inc ip le  and i t  b e a r s  some r e s e m b l a n c e  to the r e su l t s  of 
Lagu t ina ' s  expe r imen t s  [3 ,4] ,  in which the r e l a t ionsh ip  between the tone of the sphinc te r  and the number  of 
a f fe ren t  impulses  f rom the u r i n a r y  b l adde r  was s tudied.  However ,  an explanat ion of the compara t ive  ro le  
of a f ferent  impu l ses  f rom the r e c e p t o r s  of the pudendal and pelvic  nerves  r e q u i r e s  fu r the r  ana lys i s .  

The m a r k e d  change in ac t iv i ty  of the sph inc te r  dur ing s t imula t ion  of r e c e p t o r  s connected with the pudendal 
ne rves  sugges t s  that  under  n o r m a l  condit ions the tone of the sph inc te r  m a y b e  ma in ta inedby  c i r cu la t ion  of i m -  
pu l ses  in a c losed  re f lex  r ing  fo rmed  by af ferent  and ef ferent  f i b e r s .  An i n c r e a s e  in tone during sudden move-  
men t s ,  d i s appea r ing  a f te r  d iv i s ion  of the pudendal  n e r v e s ,  m a y b e  a t t r ibu ted  to an in t r in s i c  re f lex  of the pudendal 
ne rye  s. 
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TABLE I. Changes in Myographic Activity of the Sphincter during Passage  of Fluid through the Ure th ra  

Cha rac t e r  of r e sponse  

Inc rea se  of act iv i ty  
I nc r ea se  changing into in ter rupted  act ivi ty  
Absence of visible changes 
Weakening of act iv i ty  

No. of 
cases  

28 
13 

6 
5 

Percentage 

53.5 
25 
11.5 
10 

Background 
(convention- 

al units) 

0.48 
0.72 
1.37 
1.94 

Level of activity 
evoked by stimu- 
lation (in conven- 

tional units) 

1.5 

2.2~0.1~-~2.2 
1.34 
0.7 

TABLE 2. 
of Mechanorecep tors  of the Skin of the Per ineum and Genitalia 

Changes in Myographic Activity of the Sphincter during Stimulation 

Cha rac t e r  of r e s pons e  
No. of 
eases 

30 
3 
8 

Pe rcen tage  

73 
7 

20 

, i 

Background 
(convention- 

al units) 

0.4 
1.35 
1.87 

Inc rease  of act iv i ty  
Absence of v is ib le  changes 
Weakening of act iv i ty  

Level  of a c t i v i t y  
evoked by s t imu-  
lat ion (in conven-  

tional units) 

1.49 
1.34 
0.27 

TABLE 3. Changes in Myographic Activity of the Sphincter during Summation of Stimulation of Ure th ra l  
and Cutaneous Recep tors  

Character of reaction 

I nc r ea se  of act iv i ty  
Absence  of vis ible  changes 
Weakening 
Absence of v is ib le  changes 
against  a background in in- 
h ib i tory  act ion of tes t  s t i m -  
ulus 

No. of 
ca se s  

P e r -  

cent -  
age 

Activity of sphincter  (in conventional  units) 

back -  s t imula t ion ,  s t imulat ion of u r e -  s t imulat ion 
ground of u r e t h r a  thra  + s t imulat ion of skin 

of skin 

0.75 
0.8 
0.93 

1.5 

1.65 
1.85 
1.95 

0.2 

2.3 
1.9 
0.55 

0.2 

1.4 
1.8 
1.6 

2.3 
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Fig. 2. Relat ionship between ampli tude of r e sponse  
of sphinc ter  to pa s s age  of fluid through the u r e th r a  
and background act ivi ty  level  (A) and total  a f fe ren t  
flow (B) during s t imula t ion  of u r e t h r a l  r ecep to r s  
(continuous line) and of m e c h a n o r e c e p t o r s  of the 
skin of the pe r ineum and genital ia  (bi~oken line). 
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