
one r ecep to r  for  this lectin. F a r  fewer  human se rum pro te ins  in terac t  with PHA. Consequently, TBG and 
c~2-GP are among the few se rum pro te ins  which p o s s e s s  at l eas t  two r e c e p t o r s  to r eac t  with PHA, and this  
phenomenon can be used to isolate  them in the pure  form.  
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The carboxyl  [onophore A23187 i n c r e a s e s  the force  of contract ion and C a - c u r r e n t  in the myoca rd ium 
[2, 5]. The action of ionophore A23187 is due to its abil i ty to fo rm complexes  with Ca ++ ions [4, 9]. It h a s  
been shown on ar t i f ic ia l  media  that  ionophore A23187 f o r m s  complexes  not only with Ca ++ ions, but also with 
o ther  bivalent  cations;  ions which block the C a - c u r r e n t  in the myocard ium,  m o r e o v e r ,  f o rm m o r e  stable com-  
plexes  with the ionophore than with Ca ++ [9]. Ionophore A23187 also binds with a number  of organic  com-  
pounds, including the well-known ca lc ium antagon[sts  ve rapami l  and its der iva t ive  D-600 [8]. 

The a im of this investigation was to study the abi l i ty of Zn ++ and Mn ++ ions and organic  compounds 
fenigidine and D-6O0 to inhibit the pos i t ive  inotropic effect  of [onophore A23187 and also to compa re  the ability 
of calc ium antagonis ts  to inhibit myoca rd ium contract ion and the effect  of the ionophore. 

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

Expe r imen t s  were  c a r r i e d  out on a t r ia l  s t r ips  of Rana ridibunda. The technique of r ecord ing  mechanic -  
al act ivi ty  and the conditions of s t imulat ion were  descr ibed  p rev ious ly  [1]. The or iginal  physiological  saline 
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No. 5, pp. 571-573, May, 1985. Original  a r t ic le  submit ted May 31, 1984. 
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Fig .  t .  Action of ionophore  A23187 on force  of con t r ac t i on  of a t r i a l  strip in the p r e s e n c e  of 
two c o n c e n t r a t i o n s  of Zn ++ ions .  A b s c i s s a ,  t i m e  (in min) ;  o rd ina te ,  r a t io  of fo rce  of c o n t r a c -  
t ion  in p r e s e n c e  of b locke r  and n o r m a l  fo rce  of con t r ac t i on  (in %). a: 1) 10 -5 M Zn ++, 2) 10 -5 
M Zn ++ and 10 -5 M A23187; 3) n o r m a l  phys io log ica l  sa l ine ,  b: 1) 2- 10 -5 M Zn++; 2) 2 . 1 0  -5 
M Zn ++ and 10 -5 M A23187. a and b r e l a t e  to d i f fe ren t  e x p e r i m e n t s .  

F ig .  2. Act ion of ionophore  A23187 on force  of con t r ac t i on  of a t r i a l  s t r i p  in p r e s e n c e  of two 
c o n c e n t r a t i o n s  of D-600. a: 1) 10 -7 M D-600; 2) 10 -?  M D-600 and 10 -5 l A23187. b: 1) 
5" 10 - ?  M D-600,  2) 5" 10 -7 M D-600 and 10 -5 M A23187. R e m a i n d e r  of legend as in Fig .  1. 

TABLE 1. Dependence  of Pos i t i ve  Inot ropie  Ef- 
fect  of Ionophore  A23187 on Concen t r a t i on  of Cal -  
c ium Channel  B l o c k e r s  

its concentration 
(in Ivl) 

Control 
ZI~2+ : 

tO-~ 
2.10 -~ 

Mn 2 , 2.10 -4 
D-600: 

10 -7  
5- 10 - 7  

Fenigidine: 
IO-G 
10-,~ 
10-5. 

Test substance and | ,  Force of con- [Increase in force 
~ traction during Iof contraction 

~ . ~  actionof Jdurin~ action of 
[ blocker, qo [ A231~7, % , 

2O 

3 
4 
6 

3 
4 

3 
4 
2 

100 27• 

92,1+4,9 9,74-6,8 
91,7• l, 14-2,5 
82,8• 1,84-1,5 

62,5+ 14,1 15,5• 9,4 
46,7• 16,8 0.75+_+_ 1,47 

39,4+ 11,0 38,2_+ 14,8 
20, I+6,8 7,4• 
20,1• 9.3 

Legend.  *) Fen ig id ine  not p r e s e n t  in solut ion with 
ionophore.  F o r  al l  t e s t s  P = 0.95. 

con ta ined  (in mM): NaC1 110, KCI 2.5, CaC[ 2 1.8, g lucose  5.5, T r i s - C I  10; pH 7 .6-7 .7  (except so lu t ions  with 
Zn ~+ ions,  for  which pH 7.0). D-600 (f rom Knoll ,  Wes t  Germany) ,  fen ig id ine  ( r e s y n t h e s i z e d  in the Ins t i tu te  of 
Organ ic  Synthes i s ,  Academy  of Sc iences  of the La t v i a n  SSR), and ionophore  A23187 (f rom C a l b i o c h e m - B e h r i n g ,  
USA) were  d i s so lved  in d imethy l  sulfoxide (DMSO), a f t e r  which a sma l l  quan t i ty  of d i s t i l l ed  w a t e r  was  added, 
and work ing  so lu t ions  were  p r e p a r e d  f rom the aqueous  su spens ion  thus  fo rmed  by di lu t ion.  The c o r r e s p o n d i n g  
c o n c e n t r a t i o n  of DMSO was added to the con t ro l  so lu t ions .  The c onc e n t r a t i on  of A23187 in al l  e x p e r i m e n t s  
was  10 -5 M. 

EXPERIMENTAL RESULTS 

Ionophore A23187 (10 -5 M), added to the perfusion solution, increased the force of contraction of the 
atrial strip on average by 27 ~ 4.76+ (n = 20). 

A particular feature of the action of the ionophore was that rinsingout in normal physiological saline 
followed by repeated treatment with the ionophore did not produce any increase in the force of contraction. 
Comparison of the action of the ionophore under normal conditions and in the presence of the blocker was thus 
based on results obtained on different strips. 

A scheme of the experiment and an example of the effect of Zn ++ ions in concentrations of 10 -5 and 2. 

i0 -S M on the force of contraction and the positive inotropie effect of A23187 are illustrated in Fig. 1. A sim- 

ilar example showing the effect of two concentrations of D-600 (i0-7 and 5" i0- ? M) is given in Fig. 2. Aver- 

aged results of the action of Zn ++, Mn ++, D-600, and fenigidine are given in Table I. 
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As the results show, addition of D-600 (5. i0 -7 M), Zn ++ (2 �9 10 -5 M), and Mn ++ (2 �9 10 -4 M) to the physio- 
logical saline blocked the positive [notropic effect of A23187 virtually completely. 

Experiments in artificial organic media showed that the dissociation constant of the complex of A23187 
with Zn ++ ions is an order of magnitude lower than the dissociation constant of the complex of the ionophore 
with Mn ++ ions and almost  four o r d e r s  of magnitude lower than that of the complex with Ca ++ ions [9]. The 
resul t s  indicate that affinity of the ionophore for bivalent cations is s imi lar  also in biological membranes .  
Fo r  instances Zn ++ and Mn ++ ions, in concentrat ions much lower than the calcium concentrat ion in the pe r -  
fusion solution, completely inhibited the action of the ionophore on the force of contraction. Meanwhile the 
blocking concentrat ion of Zn ++ ions was an o rder  of magnitude lower than the concentration of Mn ++ ions. 
Depending on their  ability to block the positive inotropic action of A23187, the calcium antagonists tested can 
therefore  be ar ranged in the following order :  D-600 > Zn ++ > Mn ++. 

These calcium antagonists,  in concentrat ions abolishing the effect of the ionophore, reduced the force 
of contraction of the myocardium by different degrees:  Zn ++ and Mn ++ by about 10 and 20% respect ively,  D- 
600 by more  than 50%. Since the action of these antagonists on the force of contract ion is mainly due to the 
Ca-channels  of the cell membrane [3, 6, 7], it can be concluded that the affinity of Zn ++, Mn ++, and D-600 for  
the channel is lower than with the ionophore A23187. Although D-600 depresses  the force of myocardia l  con- 
t ract ion and the positive inotropic effect of the ionophore in a concentrat ion much below that of Zn ++ and Mn ++, 
the selectivity of the blocking effect of D-600 on the ionophore is lower. 

As Table 1 shows, fenigidine had no selective blocking effect on the action of the ionophore. For  in- 
stance, in a concentrat ion of 10 -6 M fenigidine did not reduce the effect of the ionophore, whereas  it blocked 
the force of contract ion by about 50%. An increase in the concentration of the blocker to 10 -5 M led to i r r e -  
versible depress ion of the force of contraction by 80%. In this case the increase in the force of contract ion 
due to the action of the ionophore was reduced to about 7% of the normal  value, r ega rd less  of whether fenigi- 
dine was present  in the solution with the ionophore or  had been removed f rom it before addition of the iono- 
phore. If it is accepted that diminution of the effect of the ionophore was due to the formation of fenigidine-  
ionophore complexes,  this means  that an adequate amount of fenigidine, which is a lipophilic agent, is p re -  
served in the cell membrane,  where it binds with ionophore A23187. 
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