
E F F E C T  OF B I O L O G I C A L L Y  A C T I V E  

( A C E T Y L C H O L I N E ,  H I S T A M I N E ,  A N D  

ON D E P O L A R I Z E D  S M O O T H  M U S C L E  

C O L I  

V .  I .  P o g a d a e v  a n d  E .  N .  T i m i n  

S U B S T A N C E S  

B R A D Y K I N I N )  

O F  T H E  T A E N I A  

UDC 612.734.014.46: [615.217.32+615.218ol 

Exper imen t s  on isola ted s t r i p s  of the guinea pig taenia  coil showed that compound D-600, 
which blocks  ca lc ium channels ,  d e p r e s s e s  the contract i le  r e sponse  of depolar ized  smooth 
musc le  to adminis t ra t ion  of acetylchol ine (5" 10-6), h i s t amine  (2 �9 10-6), and bradykinin  
(10 -̀ 5 g /ml ) .  Bes ides  dep re s s ing  the effect of biological ly act ive subs tances ,  compound D-600 
also d e p r e s s e s  the "po tass ium contracture~ It is  postula ted that the biological ly act ive 
subs tances  act ivate  the flow of Ca ++ ions through the su r face  m e m b r a n e  but not the d i scha rge  
of Ca ++ f r o m  the s a r c o p l a s m i c  reticulumo 

KEY WORDS: smooth  musc les ;  po t a s s ium depolar izat ion;  biological ly act ive  subs tances ;  
ca lc ium channels .  

The following scheme to explain the action of biological ly a c t i v e s u b s t a n c e s  on smooth musc le  under  
no rma l  conditions is now genera l ly  accepted: i n t e rac t ion  between the biological ly  act ive substance and 
chemosens i t ive  a r ea s  of the m e m b r a n e - i n c r e a s e d  pe rmeab i l i t y  of  these  a r e a s  to ions (possibly Na + or  Ca ++) 
ca r ry ing  the inward c u r r e n t - m e m b r a n e  d e p o l a r i z a t i o n - d e v e l o p m e n t  of the act ion potent ia l  (or i nc reased  
f ir ing ra te  in the case  of  a spontaneously act ive cell) - i nc r ea se  in the Ca ++ flow through slow N a - C a - c h a a -  
n e l s - i n c r e a s e d  Ca ++ concentrat ion in the m y o p l a s m - d e v e l o p m e n t  of contract ion.  Howeve r ,  it is  known 
that h i s tamine ,  acetylchol ine (AC) and noradrenal in  can evoke contract ions  in musc l e s  i m m e r s e d  in isotonic  
po ta s s ium solution [1, 4, 7]. In that case  the m e m b r a n e  is comple te ly  depolar ized  and the slow N a - C a  
channel inact ivated.  The  quest ion na tura l ly  a r i s e s ,  on account of what is  the concentrat ion of ca lc ium (an 
ac t iva tor  of con t rac t ions ,  see [10]) in the myop la sm i n c r e a s e d ?  T h e r e  a re  three  poss ib le  sources  of Ca++: 
ex t race l lu l a r  Ca ++, Ca ++ s tored  in the m e m b r a n e ,  and Ca ++ s to red  in the s a r c o p l a s m i c  re t i cu inm (SPR). 

The object  of  this invest igat ion was to study the level  at which biological ly act ive subs tances  exer t  
the i r  action on depolar ized  smooth musc l e .  Is i t  l imited to the sur face  m e m b r a n e  o r  do the biological ly 
active subs tances  induce the l iberat ion of Ca ++ d i rec t ly  f r o m  SPR? To answer  this question the compound 
D-600 (a methoxy der iva t ive  of  ve r apami l ) ,  a specif ic  b locke r  of Ca channels,  was used.  

EXPERIMENTAL METHOD 

E:~periments were carried out on isolated strips (1o5-2 em long, 500-=600 # thick) of guinea pig taenia 
coll. The potential was recorded by the "sucrose gap" technique [9]. Stretching of the muscle was measured 
under isometric conditions by means of a mechanotron. The following solutions were used (in mM). normal 
Krebs' solution - NaCI 120.7; KCI 5.9; NaH2PO 4 1.2; NaHCO 3 15.5; MgCI 2 1.2; CaCl 2 2.5; glucose 11.5; "po- 
tassium solution" - KCI 167.7; KHCO 3 3.6; CaCl 2 0.4; glucose 11o5. The temperature in all experiments was 
25 • I~ The solutions were oxygenated with a mixture of 96% 02 and 45% CO2~ The pH of all solutions was 
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Fig. 1. Effect  of D-600 on "potassium contrac ture"  in smooth muscle  of guinea pig taenia 
coil: a) potass ium cont rac ture ;  b) potass ium cont rac ture  a f te r  p re l imina ry  t rea tment  of 
the prepara t ion  for  10 min with compound D-600; c) potass ium cont rac ture  af ter  t rea tment  
for 30 min with D-600; d) potass ium contrac ture  a f te r  r insing D-600 out of the prepara t ion  
with normal  Krebs '  solution containing 6.6 mM CaC12. 

Fig. 2. Effect of compound D-600 on contract i le  response  to biologically active substances 
- h i s t a m i n e  (2-10-6), AC (5 "10-6), and bradykinin (10 -5 g/ml)  in depolar ized smooth muscle  
of guinea pig taenia co l l .  Ia, IIa, IIIa) Effects  of AC, his tamine,  and bradyMnin, respect ive ly  
in depolar ized smooth muscle  of taenia coli; lb, IIb, IIIb) the same af ter  t rea tment  with D-600 
for 10 rain; Ic, IIc, IIIc) the same af ter  t rea tment  with D-600 for  30 rain; Id, IId, ]lid) par t ia l  
r ecove ry  of effect a f te r  r insing for 20 rain with potassium solution containing 4.4 mM CaC12. 
Arrow pointIng upward) addition of biologically active substance; a r row pointing downward) 
r insing prepara t ion  to remove  substance.  O r d i n a t e ,  contract ion of musc le ,  in g. 

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  

In all the exper iments  the s t r ips  of taenia coli in normal  Krebs '  solution possessed  spontaneous e lec-  
t r i ca l  and mechanical  act ivi ty.  On replacement  of the normal  solution by potass ium solution, lasting depo- 
lar izat ion of the membrane  developed,  accompanied by strong cont rac ture  (Fig. la ) .  The magnitude of  the 
subsequent spontaneous re laxat ion of the muscle  in hyperpotass ium solution depended on temperature '-  the 
higher  the t empera tu re ,  the higher  the level of res idual  contract ion [4]~ The  tempera ture  in these exper i -  
ments  was so chosen that contract ion of  the muscle  re turned  to i ts  initial  level .  P r e l im in a ry  perfusion of 
the muscle  (5 experiments} with normal  Krebs '  solution containing D-600 (10 -6 g/ml)  for  20-30 rain caused 
the cont rac ture  in response  to the change of solution hardly to develop at all (Fig. l c ) .  

Addition of biologically active substances - h i s t a m I n e  (2 �9 10 -6 g/ml) ,  AC (5. 10 -6 g /ml) ,  and b rady-  
kinin (10 -~ g/ml)  - to the potass ium solution caused contract ion (Fig. 2), the magnitude and durat ion of which 
depended both on the substance used and on its concentrat ion.  It will be c lear  f rom Fig. 2 that in response  
to addition of the substance to the solution mechanical  contract ion developed,  then spontaneously diminished 
despi te  the continuous addition of the substance.  On rinsing the prepara t ion  with potass ium solution the con- 
t ract ion re turned to i ts  original  level  and in some exper iments  the muscle  tone af te r  r insing became less  
than initially.  Fur the r  addition of the substance gave vir tual ly the same effect .  

Perfus ion of the muscle  with potass ium solution containing D-600 (10 -~ g/ml) for  20-25 min before  
addition of the biologically active substances reduced their  effect (Fig. 2c). Slow development of the blocking 
effect and i ts  i r r eve r s ib i l i t y  a r e s p e c i a l  fea tures  of the action of compound D-600. The par t ia l  r es to ra t ion  
of the effect  of the biologically active substances was obtained by prolonged (20-30 rain) rinsing of the prep-  
ara t ion with potassium solution with an increased  Ca ++ concentrat ion (4.4-6.6 mM). The res tora t ive  action 
of the increased  Ca ++ concentrat ion was evidently due to competition between Ca ++ and D-600 for  the same 
si tes of the membrane  [6, 8]. 

Let us consider  two a l t e rna t ive  schemes  of the action of biologically active substances leading to 
contract ion of depolar ized smooth muscle :  1)The substance acts on the membrane ,  the Ca channels a re  
opened, and Ca++ enters  the cell along the concentrat ion gradient;  2) the substance penet ra tes  into the cell,  
acts d i rec t ly  on SPR, and act ivates  the l iberat ion of Ca ++. The f i r s t  scheme does not exclude the par t ic ipa-  
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tion of SPR in the act of contract ion;  Ca ++ ions,  h a ~ a g  pa s sed  through the m e m b r a n e  into the ce l l s ,  can 
t r i gge r  ( regenerat ively)  the d i scha rge  of Ca ++ f r o m  SPR [3, 5]. The  fact  that compound D-600 abol ishes  
the effect  of biological ly act ive  subs tances  p r even t s  e i ther  of these  suggested schemes  f rom being chosen. 
If the biological ly act ive subs tance  acts  only on the sur face  m e m b r a n e ,  act ivat ing the inward flow of Ca ++ 
through it ,  compound D-600,  by blocking the Ca channels ,  ought to abolish the effect  of the substance.  If, 
however ,  AC, h i s tamine ,  and bradykin in  act  d i rec t ly  on SPR, in that case  D-600 should abolish the effects  
of the subs tances ,  for  blocking the Ca channels  in the m e m b r a n e  may  (although this is not necessa ry )  lead 
to depr iva t ion  of SPR of i ts  ca lc ium.  On r ins ing the p repa ra t ion  with po t a s s ium solution with an inc reased  
Ca ++ concentra t ion,  the musc le  tone and, consequently,  the Ca ++ concentra t ion  in the myop la sm and SPR a r e  

r e s t o r e d .  In that case ,  r e s to ra t ion  of the effect  of the biological ly act ive  subs tances  would be e~pected; 
however ,  expe r imen t s  show that the effects  a r e  v i r tua l ly  aot r e s t o r e d ,  Consequently,  the only poss ib le  ex-  
planat ion is that the biological ly  act ive substances  act on the cell  m e m b r a n e .  

The cell  m e m b r a n e  of the taenia  coli is p rac t i ca l ly  not in contact  with SPR, which accounts  for  about 
2% of the cell  vo lume [2]. In smooth m u s c l e s  with a m o r e  highly developed SPR (5% of  the total  vo lume or  
more)  some of i ts  ve s i c l e s  f o r m  d i rec t  contact with the m e m b r a n e  [2]~ In that case ,  the biological ly  act ive 
subs tances  could  act  on a common si te  of the su r face  m e m b r a n e  and SPR m e m b r a n e .  This  could explain the 
fact  that D-600 (or verapami l )  does not comple te ly  abolish the effect  of biological ly act ive subs tances  in the 
smooth  musc le  of the aor ta  [1] and l a rge  a r t e r i e s  [2]. Bes ides  abolishing the effect  of  biological ly act ive  
subs tances ,  D-600 d e p r e s s e s  the "po tass ium con t rac tu re"  a r i s ing  on r ep l acemen t  of  the n o r m a l  solution by 
the p o t a s s i u m  solution. This  also indicates  that the flow of Ca ++ through the sur face  m e m b r a n e  is the dec i -  
s ive  fac tor  in the act of contract ion.  
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