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Strips of the depolai:ized myomet r ium of ra ts  do not contrac t  by action of noradrenal in  and oxytocin. 
Acetylcholine causes weak contract ion of s t r ips  of myomet r ium f rom cas t ra ted  ra t s  receiving estrodiol  but 
has no action on the uterus of cas t ra ted ra t s  receiving no other t reatment  or ra ts  receiving proges terone 
after cast ra t ion.  Noradrenalin has a purely relaxing action on the depolarized myomet r ium whatever the 
hormonal  state. Stretching does not affect contraction of the depolarized myomet r ium produced by acetyl-  
choline, noradrenal in,  and oxytocin. 

The uterine smooth muscle is under the constant control of the sex hormones and mediators  [8]. Con- 
traction of the muscle fiber is produced by changes in the e lectr ical  proper t ies  of the excitable m e m b r a n e  
and by an increase in its permeabil i ty to certain ions [7, 11]. However, Evans and Schild [6] and Edman and 
Schild [4, 5] have shown that the myometr ium can contract  under the influence of cer tain substances even 
when in a depolarized state. The author ' s  previous findings indicated that the magnitude of isometr ic  ten- 
sion developed by the myometr ium under the influence of acetylcholine, nor adrenalin,  and oxytocin is depen- 
dent on the hormonal background and on the degree of s t retching of the s tr ips  of myomet r ium.  

The object of the present  investigation was to determine the mechanism of action of these substances,  
i.e., to study whether they act only through the excitable membrane  or  whether they can also act direct ly  on 
the contract i le  mechanisms of the cell. 

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

Experiments  were ca r r i ed  out on cas t ra ted albino rats  (30 ra t s ,  219 preparat ions) .  The animals were 
divided into three groups:  group 1, cas t ra ted ra ts  not receiving hormones ;  group 2, cas t ra ted  ra t s  r ece iv -  
ing 5 daily doses of 70 ~g of an oily solution of estradiol  benzoate; group 3, cas t ra ted  ra ts  receiving 5 daily 
doses of 5 mg of aft oily solution of proges terone .  Longitudinal s t r ips  15 mm in length and i mm in width 
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Fig. 1. Action of acetylcholine on.depo- 
lar ized s tr ips  of the body of the uterus.  
Top curve: i somet r ic  contract ion of 
str ips of uterus f rom cast ra ted rats ;  bot- 
tom curve: contractions of s tr ip of uterus  
f rom cas t ra ted  rats  receiving estradiol .  
Arrows pointing downward indicatebegin- 
ning of recording after previous stretching; 
arrows pointing upward denote addition of 
acetylcholine (10 -5 g/ml)  for 20 sec.  

were cut f rom the uterine cornua of the ra ts  and immersed 
in Krebs '  solution at room temperature .  Krebs '  solu- 
tion in which some of the NaC1 was replaced by 108 mmoles  
K2SO 4 was used as depolarizing agent. Acetylcholine (10 -5 
g /~l ) ,  noradrenal in (10- ~ g/ml) ,  and oxytocin (0.005 i.u./ml) 
were added to the Krebs '  solution +K~SO 4. The solutions 
were warmed to 37 • 0.2 ~ The threads tied to the ends of 
the prepara t ion were led out of the chamber to two mani-  
pulators,  by means of which the str ips were s tretched f rom 
their length in situ (100%) to 110, 125, and 150% of the ini- 
tial length. In the experiments  using the 6MKhlS mechano-  
tron the i sometr ic  contract ion and relaxation developed by 
str ips of uterus in response to the action of acetylcholine, nor -  
adrenalin, and oxytocin were recorded  On a type N373 dc 
self-wri t ing mult irange mi l l i ampere -vo l tmete r .  

EXPERIMENTAL RESULTS 

None of the strips of depolarized myometrium con- 
tracted spontaneously. Under the influence of acetyleholine 
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TABLE 1. I s o m e t r i c  Tension (in mg) Developed by Depolar ized  Strips of Rat Myomet r ium under the Influ- 
ence of Acetylcholine,  Noradrenal in ,  and Oxytocin against  Different  Hormonal  Backgrounds 

Hormonal  backgrounds 

Cas t ra t ion  

Cas t ra t ion  + es t rogen  

Cas t ra t ion  + p roges te rone  

Acting substance  

Acetylcholine 
Noradrena l in  
Oxyt0cin 

Acetylcholine 
Noradrena l in  
Oxytocin 

100 110 

Degree  of s t re tch ing  (in %) 

125 150 number  of m e a s u r e m e n t s  

No response 
7.6• [10.8• I II.6~4 I 0 

No response 

70• 60• 
20• 20• 

No r e s p o n s e  

60• 
0 

No r e s p o n s e  
140 4 | 50• 150• 

No r e s p o n s e  

Acetylcholine 
Noradrena l in  
Oxytocin 

60• 
,20• 

30• 

23 
24 
25 

26 
22 
26 

26 
25 
22 

(exposure 20 sec) the s t r ips  of u terus  of cas t r a t ed  r a t s  and cas t r a t ed  r a t s  r ece iv ing  p roges te rone  did not 
con t rac t  whatever  the degree  of s t re tch ing  (Table 1). Str ips of u terus  f r o m  ra t s  r ece iv ing  es t rogen  r e -  
spondedwith slight contract ion (Fig. 1). If their  length was 100%, the s t r ips  developed i some t r i c  tension of 
18% of that developed by s t r ips  of the body of the u terus  in no rma l  K r e b s '  solution, and for lengths of 110%, 
125%, and 150 the tension developed was 20%, 30%, and 50%,respect ively.  This apparent  inc rease  in the 
ampli tude of contract ion in r e sponse  to s t re tch ing  was due to a s h a r p e r  d e c r e a s e  in ampli tude of contract ion 
of the s t r ips  under the influence of s t re tch ing  in no rma l  K r e b s '  solution. 

Under the influence of oxytocin (exposure 20 sec) s t r ips  f rom the body of the u te rus  of ca s t r a t ed  r a t s ,  
both rece iv ing  and not r ece iv ing  es t rogen  and p roges t e rone ,  did not cont rac t  whatever  the degree  of s t r e t ch -  
ing. 

Addition of noradrena l in  to the depolar iz ing  solution for 20 sec  caused re laxa t ion  of the s t r ips  of u terus  
against  all hormonal  backgrounds (Fig. 2). Noradrena l in  had only a re laxing  action on s t r ips  of m y o m e t r i u m  
of ca s t r a t ed  r a t s  whether  in K r e b s '  solution or in depolar iz ing  solution. Changes in the degree  of re laxat ion 
of the depolar ized  m y o m e t r i u m  with di f ferent  deg rees  of s t re tch ing  were  not s ta t i s t i ca l ly  s ignif icant .  After 
t r ea tmen t  of the an imals  with es t rogen ,  the depolar ized  s t r i p s  of u te rus  re laxed  equally (20 • 2 rag) during 
s t re tch ing  f rom 100 to 125%, while fu r the r  s t re tch ing  to 150% suppres sed  the ac t ionofnoradrena l in .  Relaxa-  
tion of the p r o g e s t e r o n e - t r e a t e d  m y o m e t r i u m  under the influence of noradrenal in  was dependent on the de-  
gree  of s t re tch ing  (Table 1). The ampli tude of this re laxat ion  was 100, 100, 50, and 60% re spec t i ve ly  of the 
ampli tude of re laxat ion  a r i s ing  under the influence of the substance  in K r e b s '  solution at lengths of 100, 110, 
125, and 150%. The re laxan t  action of noradrenal in  on the depolar ized  m y o m e t r i u m  of r a t s  r ece iv ing  e s t r o -  
gen and p roges t e rone  p e r s i s t e d ,  whereas  in no rma l  K r e b s '  solution the addition of noradrena l in  produced a 
biphasic  effect  (initial contract ion followed by relaxat ion) .  

The resu l t s  of these expe r imen t s  showed that depolar iza t ion  of the exci table  m e m b r a n e  of cel ls  com-  
ple te ly  suppressed  the cont rac t i le  r e sponse  of the m y o m e t r i a l  f ibe r s  under the influence of oxytocin and 
noradrena l in .  Under the influence of acetylcholine,  the ampli tude of i some t r i c  contract ion developed by 
s t r i p s  of m y o m e t r i u m  f r o m  ra t s  r ece iv ing  es t rad io l  was cons iderably  reduced,  while in the case  of cas t r a t ed  
an imals  and cas t r a t ed  animals  rece iv ing  p roges t e rone ,  contract ions  were  absent  a l together .  The m e c h a -  
n i sm of action of oxytocin,  acetylchol ine,  and noradrena l in  on the s t r ips  of m y o m e t r i u m  is evidently d i f fe r -  
ent. Since oxytocin did not cause  contract ion of the depolar iz ing  s t r ips  of u t e rus ,  it can be postulated that 
it acts  pure ly  by depolar iz ing  the cell  m e m b r a n e  of s m o o t h - m u s c l e  f ibe r s ,  in a g r e e m e n t  with r e su l t s  de s -  
cr ibed by Jung and Marsha l l  [8, 10]. 

Acetylcholine did not s t imula te  the depolar ized  m y o m e t r i u m  only f rom cas t ra t ed  ra t s  and cas t r a t ed  
ra t s  r ece iv ing  p roges t e rone .  However ,  a f te r  t r ea tmen t  with es t rad io l ,  the s t r ips  of u te rus  developed a smal l  
i somet r i c  contract ion.  Acetylcholine is known to cause contract ion of m y o m e t r i a l  ce l ls  by depolar iz ing the 
m e m b r a n e ,  increas ing  i ts  pe rmeab i l i t y  to ions [3], including ca lc ium ions. Ability to develop weak and 

705 



t t f 
/rain 

t f- t " "  t 
Fig. 2. Action of noradrenal in  on depolar ized 
s t r i p s  of u ter ine  body of r a t s .  Top curve :  i so -  
m e t r i c  re laxat ion  of s t r ips  of u terus  f r o m  c a s -  
t ra ted  rat ;  bottom curve: i some t r i c  re laxat ion  
of s t r ips  of u terus  f r o m  cas t ra t ed  r a t  rece iv ing  
p roges te rone .  Arrows pointing downward de-  
noted beginning of record ing  af ter  previous  
s t retching;  a r rows  pointing upward denote addi-  
tion of noradrenal in  (10 -5 g /ml )  for  20 sec .  

s t r i p s  of m y o m e t r i u m  f rom r a t s  rece iv ing  es t rad io t .  

i some t r i c  contract ions  af ter  sa tura t ion of the body 
with es t rad io l  is evidently a t t r ibutable  to the g rea t e r  
r e s i s t a n c e  of the cell  m e m b r a n e s  of these s t r ips  to 
the depolar iz ing  action of po tass ium sulfate or  to the 
g r ea t e r  nonspecif ic  pe rmeab i l i t y  of the cell  m e m b r a n e s  
of the m y o m e t r t u m  af ter  t r ea tmen t  with es t rogen  to 
ions compared  with that of smoo th -musc l e  cel ls  of 
ca s t r a t ed  an imals  and of ca s t r a t ed  an imals  rece iv ing  
p roges t e rone .  The r e su l t s  obtained by Evans ,  Edman,  
and Schild re la t ive  to the s t imulat ing action of ace ty l -  
choline on the depolar iz ing m y o m e t r i u m  do not con-  
f l ict  with the r e su l t s  now desc r ibed ,  because  these 
w o r k e r s  used the m y o m e t r i u m  of an imals  in a normal  
hormonal  s ta te ,  i .e. ,  against  a background of s a t u r a -  
tion of the bodywith es t rogens .  

Noradrenal in  led to leas t  re laxat ion  of s t r ips  of 
m y o m e t r i u m  f rom cas t ra t ed  r a t s ,  slightly m o r e  of 
The g r ea t e s t  re laxa t ion  occur red  in s t r ips  of m y o m e -  

t r ium f r o m  ra t s  rece iv ing  p roges te rone .  Stretching had no effect  on the re laxant  action of noradrena l in  in 
the m y o m e t r i u m  of cas t r a t ed  r a t s  rece iv ing  es t rogen .  

The r e su l t s  obtained suggest  that the exc i ta tory  action of noradrena l in  is due to its d i r ec t  action on 
the exci table m e m b r a n e  of the s m oo t h -m us c l e  cel ls  of the u te rus ,  and perhaps  a lso  to its binding with the 
a - r e c e p t o r s  located in the m e m b r a n e  [3]. The re laxan t  action of noradrena l in  can evidently be explained 
by i ts  in terac t ion  with the f i - r ecep to r s  of the cel ls  or ,  in accordance  with Bii lbring's  hypothesis  [2], by the 
p r i m a r y  action of noradrenal in  on metabol ic  p r o c e s s e s  in musc le  f ibe r s .  
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