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Exper imen t s  on s t r ips  of guinea pig taenia  col[ were  c a r r i e d  out by the double suc rose  gap 
method.  I some t r i c  cont rac t ions  of the s t r ip  in the region of the ar t i f ic ia l  node were  recorded  
during per fus ion  with a solution containing a high concentra t ion of po tass ium (120 pM KC1, 
47mM NaC1), to which one of the myoly t ics  and agents inducing cont rac t ion  of depolar ized 
musc le  were  success ive ly  added. "Of f - r e sponses "  (OR) ar i s ing  af ter  the end of s t imulat ion 
by square  hyperpolar iz ing  pulses  (11 sec) also were  studied. D-600 (10 -5 g /ml )  and La 3+ 
(2 " 10 -4 g /ml )  we re  shown to reduce  musc l e  tone (residual po tass ium cont rac ture)  and to 
abolish the cont rac t i le  effects  of h i s tamine  or  of a tenfold inc rease  in the Ca 2+ concentra t ion 
in the medium [Ca] 0. The ampli tude of OR fell but its kinet ics  remained  unchanged. Papaver ine  
(10 -5 g /ml )  caused a last ing d e c r e a s e  in tone, abolished the effects  of an i nc rea se  in [Ca] 0 or  
addition of h i s tamine ,  but caused vir tual ly  no change in the ampli tude of OR - the only effect  
was a sha rp  i nc r ea s e  in the ra te  of m usc l e  re laxa t ion  a f t e r  the end of its cont rac t ion  phase .  
l soprenal ine  (10 -6 g /ml )  lowered the tone of the depolar ized musc le  without changing the con-  
t r ac t i l e  effects  of h is tamine ,  an i nc rea se  in [Ca]0 or OR. The resu l t s  point to d i f fe rences  in 
the m e c h a n i s m s  of action of the var ious  myoly t ics .  D-600 and La 3+ block chemica l ly  exci table 
and all types (fast, slow, and uninactivated) of e lec t r i ca l ly  exci table Ca channels .  The action of 
i soprenal ine  is evidently connected with act ivat ion of the s y s t e m  of cycl ic  AMP synthes is  and, 
consequently,  with increased  seques t ra t ion  of Ca 2+ in the in t race l lu la r  depots.  To understand 
the nature  of the action of papaver ine ,  it has to be suggested that it canb lock  chemica l ly  exc i t -  
able Ca channels and also e lec t r i ca l ly  exci table  Ca channels that have been o p e n f o r a l o n g t i m e .  

KEY WORDS: papaver ine ;  i soprenal ine;  La3+; compound D-600. 

This invest igat ion is a continuation of previous  studies of the m e c h a n i s m s  of the spasmolyt ic  action of 
ce r t a in  chemica l  agents on smooth m us c l e  depolar ized by K + ions. Its a im was to compa re  the effects  of La 3+ 
and compound D-600, d i rec t  b lockers  of ca lc ium channels,  with the action of the c lass ica l  spasmoIy t i c s  papav-  
e r ine  and i soprena l ine  ( isopropylnoradenalin) .  The effects  of these  agents was judged f rom changes in: 1) 
tone of depolar ized  musc le ,  2) the ampli tude and t ime  course  of " o f f - r e s p o n s e s "  (OR) consis t ing of con t r ac -  
tions of the musc le  on discontinuation of a long-act ing hyperpolar iz ing  cu r ren t ,  3) the effects  of applicat ion 
of h is tamine  to the depolar ized  musc l e ,  and 4) the effects  of increas ing  the Ca 2+ concent ra t ion  in the medium 

[Ca]o. 

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

Exper iments  were  c a r r i e d  out on isolated s t r ips  of guinea pig taenia  col[ (1.5-2 cm long and 300-500 # 
thick). The double suc rose  gap method was used to s t imula te  the musc le  and record  the m e m b r a n e  potential  
s imul taneously .  The design of the exper imenta l  c h a m b e r  was descr ibed  prev ious ly  [3]. The following solu-  
t ions were  used (in raM): a) normal  K r e b s '  solution: NaC1 120.7, KC1 5.9, NaH2PO 4 1.2, NaHCO 3 15.5, MgC12 
1.2, CaC12 2.5, glucose11.5;  b) po ta s s ium depolar iz ing solution: KC1 120, NaC1 47.7, NaHCO 3 3.6, CaC12 0.4, 
glucose 11.5. Papaver !ne ,  i soprenal ine ,  and D-600 were  added d i rec t ly  to the po tass ium solution. LaC13 was 
added to po tass ium solution in which the NaHCO 3 was replaced  by T r i s  (5.8 raM). The pH of all solutions was 
7.3. All exper imen t s  we re  c a r r i e d  out at room t e m p e r a t u r e  and the solutions were  not oxygenated (an explana-  
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Fig. 1. Effect  of papaver ine  (10 -5 g /ml ) ,  i soprenal ine  (10 -6 g /ml ) ,  D-600 (10 -~ g /ml ) ,  arid LaC13 
(2" 10 -4 g /ml )  on tone  and OR of depolar ized musc le .  T imes  of application of hyperpolar iz ing  c u r -  
rent  (square pulses)  indicated below; all r eco rds  obtained on different p repa ra t ions .  

Fig. 2. Effects  of tenfold i nc rea se  in [Ca]0 and applicat ion of his tamine (10 -5 g /ml )  in normal  de-  
polar iz ing  solution and a f t e r  p rev ious  action of papaver ine  (10 -~ g /ml ) ,  i soprenal ine  (10 -6 g /ml ) ,  
D-600 (10 -5 g /ml ) ,  and LaC13 (2" 10 -4 g /ml ) .  Horizontal  l ines indicate per iods  of action of drugs.  

tion of these  conditions was given by Pogadaev and Timin [2]). The o rde r  of the exper iments  was as follows: 
The musc l e  was f i r s t  placed in Krebs  r solution and contracted automatical ly;  if no automat ic  cont rac t ions  took 
place,  cont rac t ions  were  induced by applicat ion of shor t  pulses  of depolar iz ing cu r ren t .  The Krebs  r solution 
was then replaced by depolar iz ing solution. After  the end of the phasic  p a r t  of po tass ium con t rac tu re  and e s -  
tab l i shment  of a constant  level  of m us c l e  tone, l l - s e c  pulses  of hyperpolar iz ing  cu r ren t  we re  applied to the 
musc l e .  An OR of the m us c l e  developed to discontinuation of this cur ren t .  Contract ion of the musc le  was then 
induced by appl icat ion of h is tamine (10 -5 g /ml )  to it o r  by a tenfold inc rease  in [Ca]0 in the externa l  solution. 
Application of the spasmolyt ic  to the depolar ized  musc le  caused a dec rea se  in tone, and when the tone was 
es tabl ished at a constant  level the m us c l e  was tes ted for  its abil i ty to give an OR and to cont rac t  in r e sponse  
to appl icat ion of h is tamine  or  a solution with increased  [Ca] 0. 

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

In papaver ine ,  D-600, and LaC13 the tone of the depolar ized musc le  fell  and then maintained at a constant  
level ,  whereas  in i soprenal lne ,  a f te r  an initial fall ,  the tone gradual ly  increased  (Fig. 1). Application of papav-  
erine,  a f te r  the p r e l i m i n a r y  action of i soprenal ine ,  led to a fu r ther  sharp  dec r ea se  in m u s c l e  tone (not shown 
in Fig. 1). The ampli tude of OR in papaver ine  and [soprenal ine on average  remained  unchanged compared  with 
normal .  During appl icat ion of D-600 or  La 3+ a sharp  dec rea se  in tone and total d i sappearance  or  OR were  ob- 
se rved .  

The ef fec ts  of a tenfold i nc r ea s e  in [Ca]0 and h is tamine  a re  shown in Fig. 2. Against  the background of 
papaver lne ,  D-600, and La3+the r e s p o n s e s  of the musc le  to an inc rease  in [Ca]0 and to applicat ion of h is tamine  
d isappeared ,  whereas  in i soprenal ine  they remained  the s a m e  as in normal  depolar iz ing solution. It was s ta ted 
above that D-600 and La 3+, in concent ra t ions  of ] �9 10 -5 and 2" 10 -4 g / m l  respec t ive ly ,  comple te ly  inhibited OR; 
for  that reason ,  in o rde r  to study the act ion of these agents on the descending phase  of OR, the concentra t ions  
of D-600 and La  3+ were  reduced to 1 �9 10 -6 and 1 �9 10 -5 g / m l  respec t ive ly .  Under these  conditions the drop in 
ampli tude of OR took p lace  slowly, so that changes in the i r  descending phase  could be examined.  Graphs of 
the descending phase  of OR, plotted on a semi logar i thmic  scale ,  a re  shown in Fig. 3 (counting began f rom the 
t ime  of max ima l  con t rac t ion  and each curve  was normal ized  with r e spec t  to the m a x i m u m  of amplitude).  Graphs 
of the descending phase  of OR in normal  depolar iz ing solution and of the descending phase  of automat ic  con-  
t rac t ions  in K r e b s '  solution a re  shown for  compar i son .  Clear ly  papaver ine  s t rongly  acce le ra t ed  the descend-  
i ng  phase  of OR and its  veloci ty approximated  to that  of re laxat ion  in K r e b s '  solution. In isoprenal ine,  D-600, 
and La 3+ the veloci ty  of the descending phase  of OR was vi r tual ly  not inc reased  despi te  a cons iderable  reduc-  
tion in initial  m u s c l e  tone. 
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Fig. 3. Descending phases of OR plotted on semiloga-  
r i thmic scale during action of papaverine (10 -5 g/ml) ,  
isoprenaline (10 -6 g /ml) ,  D-600 (10 -6 g/ml) ,  and LaCI 3 
(10 -5 g /ml) .  Abscissa ,  t ime (in sec); ordinate, ratio in 
F /Fmax) ,  where F is the force developed by the muscle  
and Fmax the amplitude of the given contract ion.  

A common feature of the action of the various agents used was a decrease  in tone of the depolarized 
musc le .  It follows f rom the fact that La 3+ and D-600, di rect  blockers  of calcium channels, cause a decrease  
in tone of the depolarized muscle  andthat this tone is mafntained by the s teady-s ta te  Ca 2+ flow along cer ta in  un- 
inactivated calcium channels that are  open in the depolarized membrane .  These same channels are  evidently 
responsible for the contract ion effects during an increase  in [Ca] 0. La 3+ and D-600 are  evidently universal  
b lockers  of calcium channels, since they depress  both the s teady-s ta te  Ca 2+ flow through the depolarized m e m -  
brane and t r a n s i e n t  Ca 2+ flows leading to action potential generation, OR formation,  and the contract ion effects 
of biologically active substances [2, 3, 5]. 

The spasmolyt ic  action of papaverine and isoprenaline on the normal ly  polar ized muscle  is general ly 
connected with the fact that they increase  the in t racel lu lar  cyclic AMP concentrat ion [4, 6]. Under the in- 
fluence of papaverine this may take place as a resul t  of inhibition of phosphodiesterase,  which hydrolyzes 
cyclic AMP, whereas when isoprenaline is used, it may  take place through activation of adenylate cyclase,  
responsible for cyclic AMP synthesis .  Elevation of the cyc l i c  AMP level in the cell activates the seques t ra -  
tion of Ca 2+ in  the int racel lular  depots and thereby promotes  relaxation of the muscle  [4]. 

However, the resul ts  of these experiments  indicate an essent ial  difference in the action of papaverine 
and [soprenaline on depolarized smooth musc les .  The fact that isoprenaline blocks nei ther  the effects of his-  
tamine or  the contract i le  responses  to a tenfold increase  in [Ca]0 nor  OR suggests  that its action is uncon- 
nected with blocking of the calcium channels.  Most probably relaxation of the depolarized muscle  in iso-  
prenaline is actually due to st imulation of cyclic AMP synthesis with consequent activation of Ca 2+ elimina- 
tion from the myoplasm into the in t racel lu lar  depots and the external solution. By contrast ,  an essential  role 
in the action of papaverine on depolarized smooth muscle  is played by blocking of the inflow of Ca 2+ into the 
cell  [1]. Evidence of this is given by the fact that papaverine inhibits the effect of  a tenfold increase  in [Ca] 0 
and the contract le  effect of histamine~ It can tentatively be suggested that papaverine blocks the Ca 2+ flow 
along channels fixed in the open state in depolarized muscle ,  and along chemical ly  excitable calcium channels 
activated by histamine.  Meanwhile, papaverine has no appreciable effect on e lec t r ica l ly  excitable calcium 
channels responsible for  action potential generat ion and for OR [1]o A very charac te r i s t i c  feature in the effect 
of papaverine is accelera t ion of the descending phase of OR while the amplitude of this contract ion remains 
virtually unchanged. The wr i t e r s  postulated previously [1] that the descending phase of OR is determined both 
by l iberat ion of Ca 2+ f rom the myoplasm and by slow inactivation of e lect r ical ly  excitable calcium channels. 
In the light of this hypothesis,  the narrowing of OR in papaverine can be explained on the grounds that it blocks 
only those calcium channels which are  open for  a sufficiently long t ime; papaverine does not act, however, on 
fast  calcium channels, which mainly determine the amplitude of OR. The absence of any narrowing of OR in 
D-600 and La 3+ indicates that these agents evidently block all types of calcium channels in smooth muscle  to 
an equal degree.  

The authors are  grateful  to E. N. Timin for  help with this investigation. 
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Exper imen t s  on unanesthet ized ca ts  immobi l ized  with flaxedil  showed that  injection of leuc ine-  
enkephalin (1 nag) into the l a te ra l  vent r ic le  is followed by inhibition of evoked r e sponses  in the 
ven t ro la t e ra l  columns of the spinal cord  and of segmenta l  interneuronal  t r a n s m i s s i o n  in the 
spinal  cord  and by a d e c r e a s e  in the ampli tude of potent ials  in cor t i ca l  s o m a t o s e n s o r y  a r e a  I 
evoked by sciat ic  nerve  s t imulat ion.  Naloxone (1 mg /kg ,  intravenously)  prevented  these  effects  
of leucine-enkephal in .  P r e l i m i n a r y  injection of me thyse rg ide  (2.5 mg /kg ,  in t raper i toneal ly)  led 
to weakening of the effect  of leucine-enkephal in  on spinal  in te raeuronal  t r a n s m i s s i o n .  Leucine-  
enkephalin did not change the ampli tude of polysynaptic  potent ials  of the g lossomandibu la r  r e -  
flex, the a rc  of which is c losed in the b ra in  s tem.  

KEY WORDS: leucine-enkephal in;  naloxone; in terneuronal  t r a n s m i s s i o n  of excitation; me thy -  
se rg ide .  

Narcot ic  ana lges ics  a re  known to influence interneuronal  t r a n s m i s s i o n  of excitat ion at different  levels  
of the CNS [1-3].  Analgesia  is produced by these  subs tances  through the i r  specif ic  in te rac t ion  with opiate r e -  
cep to r s ,  p r e s e n t  in var ious  regions of the CNS [13]. Serotoninergic m e c h a n i s m s  also take pa r t  in the develop-  
m e n t  of the analgesic  effect  of drugs belonging to the morphine  group [15]. The pentapept ides  l euc ine -enke-  
phalin and methionine-enkephal in  a r e  endogenous neuromed ia to r s  with morph ine - l i ke  act ivi ty  [7, 11]: E lec -  
t r ica l  s t imulat ion of the raphe  nuclei induces analges ia  [9], which is evidently connected with an inc rease  in 
the l ibera t ion  of polypept ides  with m orph i ne - l i ke  act ivi ty [6]. The re  is thus a definite pa ra l l e l  between the 
effects  of narcot ic  ana lges ics  and of morph ine - l i ke  polypept ides .  

The object  of this invest igat ion was to study the effect  of one morph ine - l ike  polypeptide,  namely  leucine-  
enkephalin, on in terneuronal  t r a n s m i s s i o n  of exci tat ion in the CNS, on the c h a r a c t e r  of its in terac t ion  with 
naloxone, a specif ic  antagonist  of the narcot ic  ana lges ics ,  and with me thyse rg ide ,  which blocks se ro toninerg ic  
r e c e p t o r s .  

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

Exper imen t s  were  c a r r i e d  out on unanesthet ized eats  of both sexes ,  weighing 2.8-3.5 kg, immobil ized 
with f laxedil  (2 m g / k g ,  intravenously) .  The p r e l i m i n a r y  manipulat ions -- d issec t ion  of the sc ia t ic  nerve ,  spinal 
cord,  an t e r io r  roots  of the cord  at the level  of segments  L7-S1, trephining of the skull,  and ca the te r iza t ion  of 
veins and a r t e r i e s  - were  c a r r i e d  out under  e ther  anes thes ia .  Art if icial  venti l lat ion was provided by the DP-5 
appara tus  at the r a t e  of 205 ml  a i r / k g  body w e i g h t - m i n i 8 ] .  Evoked potent ials ,  in r e sponse  to s t imulat ion of 
the cen t ra l  end of the divided scia t ic  ne rve  with single sup ramax ima l  (5-12 V) pulses  of cu r r en t  0.1 m s e c  in 
duration, were  r eco rded  in cor t ica l  s o m a t o s e n s o r y  a r e a  I on the con t ra l a t e ra l  side,  and also in the ven t ro -  
l a t e ra l  columns of the spinal cord  at  the level  of segments  L2-L3  on both ips i -  and con t r a l a t e ra l  s ides .  Mono- 
synaptic and polysynapt ic  r e sponses  in the an te r io r  roots  of the spinal cord during analogous sciat ic  ne rve  
s t imulat ion and polysynapt ic  potent ia ls  in the cen t ra l  s t ruc tu re s  of the g lossomandibu la r  ref lex,  a r i s ing  in the 
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