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The acetylchol ine (ACh) r e c e p t o r  s y s t e m s  of mol luscan  ganglia differ  widely in the i r  sens i t iv i ty  to chol iner -  
gic compounds.  As well  as t radi t ional  synapses  with Nnicotine" specif ic i ty ,  and blocked by ~-bungarotoxin ,  n ico-  
t ine,  and tubocurar ine  [7, 13], mol luscan  neurons a lso  contain synapses  insensi t ive  to ~-bungarotoxin,  but 
blocked by nicotine and tubocurar ine  [8]. 

The w r i t e r s  showed prev ious ly  that  synapses  of one nerve  cell in the centra l  pa r i e t a l  zone of the  su b eso -  
phageal  ganglion of the mol lusk  Zachrys i a  guanensis  give s i m i l a r  r e sponses  to mic roapp l i ca t ion  of ACh and L -  
g lu tamate  [12]; addition of tubocurar ine ,  however ,  blocks both r e s p o n s e s .  

The aim of this investigation was to determine the characteristics of these synapses in greater detail. 

EXPERIMENTAL METHOD 

Experiments were carried out on a neuron in the central zone of the subesophageal ganglion of the mollusk 
Z. guanensis, an endemic species in the zone of Vinales (Cuba). The subesophageal ring together with nerves 
[I0, Ii] were fixed to a wax slab, placed in a chamber with a volume of 2 ml, and irrigated with physiological 

saline for mollusks: NaCl 80 raM, KCI 4 raM, CaCl 2 7 mM, MgCl 2 4 raM, Tris-HCl i0 raM, pH 7.5. 

A microelectrode technique was used for intracellular recording. The electrodes, filled with 3 M KCI, 
had a resistance of 10-30 m~2. The mieroelectrode was inserted by means of an MM-I micromanipulator (USSR) 
under visual control. The electrophysiological recording system consisted of two amplifiers, an MS-4 cathode 
follower, VK-8 oscilloscope, and a PC-2A continuous recording chamber (from Nihon Kohden, Japan). Record- 
ings were made on DK-5 35-ram film (from Orwo, East Germany), at a speed of 2.5-10 mm/sec. Multichannel 
microelectrodes (10-30 m~), filled with 0.5 M ACh (from Merck, West Germany), pH 8.0, or with 0.i M sodium 
L-glutamate solution (from BDN, West Germany), were used for microapplication, with appropriate cathodal and 
anodal currents. For stimulation, pulses were applied at a frequency of 0.1-0.5 mV/sec, with a duration of 0.i- 
0.5 msec. In every case the current was held at 400-700 mA. No electrical effect on account of removal of the 
additional ion was present. 

D-tubocurarine chloride was obtained from Serva, West Germany, and the atrophine sulfate and cytisine 
were of USSR origin. N-(p-azidophenacyl)-cytisine was synthesized as described previously [i], and the re- 
maining preparations were of the chemically pure grade (USSR). All operations with N-(p-azidophenacyl)- 
cytisine were carried out in semidarkness because of instability of this compound in bright light. 

EXPERIMENTAL RESULTS 

Microappl icat ion of ACh and L-g lu tamate  to the cent ra l  par ie ta l  zone of the subesophageal  ganglion of Z__~. 
guanensis  gave s i m i l a r  depolar iza t ion  r e s p o n s e s ,  inhibited by tubocura r ine .  When ACh was used, per fus ion  with 
tubocura r ine  comple te ly  blocked the response  of the e f fec tor  cell ,  whereas  when L-g lu tamate  was used, only a 
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Fig. i. Pharmacologic differences between ACh and 
L-glutamate receptors coexisting An the same neu- 
ron. I, 3) Excitatory responses to microapplication 
of ACh and L-glutamate (i00 msec) respectively, 2) 
blocking of response to ACh after perfusion with 
tubocurarine, 4) partial blocking of response to L- 
glutamate after perfusion with tubocurarine, 5) ex- 
citatory response to microapplication of ACh (i00 
msec), 6) blocking of response to ACh after per- 
fusion with cytisine (5 �9 10 -4 g/ml), 7) excitatory 
response to microapplication of L-glutamate to the 
same neuron (i00 msec), 8) change in response to 
microapplication of L-glutamate (I00 msec) after 
perfusion with cytisine (5 �9 10 -4 g/ml). 
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Fig.  2. Hypothet ical  models  of recogni t ion s i tes  of 
cytisine (1), ACh (2), azidocyt is ine (3), and L -g lu t -  
amate  (4). 

par t i a l  block resu l ted  (Fig. 1). During per fus ion  of the neuron with cytisine (Fig. 1) both r e sponses  were  com-  
ple te ly  inhibited. The alkaloid cytis ine,  which has  a fixed th ree -d imens iona l  s t ruc ture ,  is  known to  have a s p e -  
cific action in nicotinic ACh r e c e p t o r s  [19, 12], and it is used in medicine as a nitocinic chol inomimet ic  [6]. 
F u r t h e r m o r e ,  competi t ive in teract ion between cyt is ine,  on the one hand, and nicotine and tubocura r ine ,  on the 
other hand, has  been demons t ra t ed  on a nicotinic r e cep to r  f r o m  the optic ganglia of the squid [2]. In e x p e r i -  
ments  with r a t  d iaphragm,  a dec r ea s e  in the r e sponse  to microappl ica t ion  of ACh was obse rved  in the p re sence  
of cyt is ine.  Microappl icat ion of cytisine to  the region of an end plate  of the  r a t  d iaphragm gives a depolar iza t ion  
r e sponse  s i m i l a r  in its cha rac t e r i s t i c s  to  the r e sponse  to microappl ica t ion  of acetylcholine (ACh). Responses  to  
microappl ica t ion  of ACh and cytisine a re  abolished by tubocura r ine .  It has  been shown by the method of r a d i o -  
ligand analysis  that cytisine has no action on ACh r ecep to r  s y s t e m s  with musca r in i c  speci f ic i ty  [3]. 

Depolar iza t ion  r e sponses  to microappl ica t ion  of ACh and L-g lu tamate  a re  thus inhibited by eholinergic 
ligands with nicotinic speci f ic i ty  - t u b o c u r a r i n e  and cyt is ine.  Since the r e sponse  of the  ef fec tor  cell  takes  place 
in two s tages ,  namely  in te rac t ion  with the pos tsynapt ic  r e c e p t o r  sys t em,  followed by a change in ionic p e r m e a -  
bility of the postsynapt ic  membrane  on account of functioning c~ ionic channels,  it might  be supposed that  e i ther  
r e c e p t o r s  of mixed ACh-glu tamate  specif ic i ty  a re  p re sen t  in the nerve  cell of the subesophageal  ganglion of the 
mol lusk  Z__: guanensis  or  r e cep t o r  s y s t e m s  for  ACh and glutamate  a re  different ,  but the mechan i sms  of change of 
ionic pe rmeab i l i ty  a re  s i m i l a r .  The poss ib i l i ty  of a d i rec t  effect of these  subs tances  only on the channel p a r t  of 
the postsynapt ic  m e m b r a n e  l ikewise carmot be ruled out. 
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Fig. 3. Pharmacologic  d i f ferences  between ACh 
and L-glutamate  r ecep to r s  coexisting in the same 
neuron.  1) Exci ta tory  response  to  microappl ica-  
t ion of ACh (100 msec) ,  2) blocking of response  to  
ACh af te r  perfus ion with azidoeytisine (10 -3 g / m l ) ,  
3) r e s to ra t ion  of response  to ACh af ter  rinsing, 4) 
exci ta tory  response  to microappl icat ion of L - g l u -  
tamate (100 msec) ,  5) the same,  a f te r  perfusion with 
azidocytisine (10 -3 g / m l ) .  
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Fig. 4. D o s e - r e s p o n s e  re la t ionship fo r  cytisine 
(1) and azidoeytis ine (2) for neuron  to ACh (a) and 
L-glutamate  (b). Abscissa ,  concentrat ion (in 
g /ml ) ;  ordinate,  voltage (in mV). 

Since both tubocurarine and cytisine act on ACh receptor systems (see above), it might be considered that 
the two substances also acts on the glutamate system at least. Considering that the eytisine molecule is three- 
dimensionally rigid, similarity between recognition sites of the mixed ACh-glutamate or of ACh and glutamate 
receptors can be postulated. The essential components of the cytisine structure for recognition of ACh recep- 
tors [4, 5] is the presence of an ammonium group of the nitrogen atom and a carbonyl group of the ~-pyridone 
ring. A similar group, namely the protonated s-amino group and the earbonyl group of 7-carb~ are also 
present in glutamie acid. It can therefore be postulated that receptor sites recognizing ACh, L-glutamate, and 
eytisine are similar in structure and that, by analogy with the structure of the recognition site of the ACh re- 
ceptor, they can be represented (Fig. 2) as surfaces containing a binding center for the cationic ammonium 
group (CBC) and a combining center for the nucleophilic carbonyl group (NBC). 

If the groups suggested above are in fact important for binding with receptors, the introduction of addi- 
tional substituents into them could be reflected in their biological activity. By alkylation of eytisine with p- 
azidophenacyl bromide, N-(p-azidophenacyl)-cytisine (subsequently called azidocytisine), containing a three- 
dimensional substituent in the ammonium group, was obtained. Perfusion of the neurons with azidocytisine was 
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found to inhibit the response to ACh application but not to change the characteristics of the response to L-glut- 
amate application (Figs. 3 and 4). The results demonstrate unequivocally that the receptor sites for ACh and 
L-glutamate are different, although they possess similar structural elements. 

Further investigation of the properties of ACh and glutamate receptor systems of the subesophageal gan- 
glion of Z. guanensis showed that both are insensitive to scopolamine, atropine, and hexamethonium, 

The presence of ACh and L-glutamate receptors sensitive to cholinergic ligands with nicotinic specificity 
(tubocurarine and cytisine) was thus demonstrated for the first time on the basis of electrophysiological data 
after microapplication of ACh and L-glutamate to the central parietal zone of the subesophageal ganglion of the 
mollusk Zachrysia guanensis. Modification of cytosine, by introducing a three-dimensional substituent at the 
nitrogen atom, gives azidocytisine, which inhibits the function of the ACh receptor but does not affect the gluta- 
mate receptor. The structures of the recognition sites of the receptors are evidently closely similar and differ 
in the zone of recognition of the ammonium group (CBC) of endogenous ligands. 

LITERATURE CITED 

I. V.P. Demushkin et al., Bioorg. Khim., No. 8, 621 (1982). 
2. V.P. Demushkin et al., Biokhimiya, 45, 1733 (1980). 
3. V.P. Demushkin et al., Biokhimiya, 46, 425 (1981). 
4. V.P. Demushkin et al., Mol. Biol., i~6, 190 (1982). 
5. V.P. Demushkin et al., Vestn. Akad. Med. Nauk SSSR, No. I, 15 (1982). 
6. A.M. Khaletskii, Pharmaceutical Chemistry [in Russian], Leningrad (1966). 
7. D.O. Carpenter, et al., Mol. Pharmacol., 12, 999 (1976). 
8. J.S. Kehoe, J. Physiol. (London), 225, 115 (1972). 
9. D. Laidlaw, J. Pharmacol. Exp. Ther., 3, 205 (1912). 

10. R.  Mar t inez -So le r ,  Rev.  Cienc.  Biol.,  3, 19 (1979). 
11. R. Mar t inez-Sole r ,  Rev.  Cienc.  Biol., No. 1, 35 (1980). 
12. C. Scott, J .  Pha rmaco l .  Exp. The rm . ,  7_~9, 334 (1943). 
13. W. Shain et al . ,  Brain  Res . ,  7_~2, 225 (1974). 

CHARACTERISTICS OF THE PROTECTIVE ACTION 

OF ETHACIZINE ON THE ISCHEMIC MYOCARDIUM 
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Ethacizine,  a diethylamine analog of e thmozine,  synthesized a t  the Insti tute of Pharmacology ,  Academy 
of Medical  Sciences of the USSR, d i f fers  f r o m  ethmozine in i ts  s t ronge r  and m o r e  lasting an t i a r rhy thmic  action 
[2], as has  been confirmed by clinical t r i a l s  [4, 5]. 

The a im  of this investigation was to study the effect  of ethacizine on the s ize of an exper imenta l  myocard ia l  
infarc t  and to  shed light on some  of the pathogenetic mechan i sms  of that  effect .  

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

Experiments were carried out on chinchilla rabbits weighing 2.0-2.5 kg. A myocardial infarct was produced 
by ligation of the anterior interventricular branch of the left coronary artery in its upper third. The operation 
was performed.under pentobarbital anesthesia (30 mg/kg, intravenously), using a trans-sternal approach to the 

Laboratory of Pharmacology of the Cardiovascular System, Research Institute of Pharmacology, Academy 
of Medical Sciences of the USSR, Moscow. (Presented by Academician of the Academy of Medical Sciences of 
the USSR A. V. Val'dman.) Translated from Byulleten' ~ksperimental'noi Biologii i Meditsiny, Vol. 98, No. 9, 
pp. 315-317, September, 1984. Original article submitted November 19, 1983. 

122 0 0007-4888/84/9809-1220 $ 08.50 �9 1985 Plenum Publishing Corpora t ion  


