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Besides the view that cholinergic systems are mainly  loca l ized  in the mesencephal ic  re t icular  formation of 
the brain stem [5, 15, 17], the opinion has also been expressed that  they are distributed diffusely in the central  ner-  
vous system [13], and in part icular ,  that chol inergic  structures are also present in the cerebral  cortex [10, 14]. 

On the basis of quanti ta t ive differences in the act ion of muscar ine- l ike  cholinolyt ics  (benactyzine ,  me tamiz i l ,  

scopolamine) ,  and the n i co t ine - l ike  cholinolyt ics  (pachycarpine,  adiphenine,  caramiphen) on the ac t iva t ion  reac -  
tion caused by s t imulat ion of the re t icular  formation by an e lec t r i c  current or by administrat ion of cho l inomimet ic  
drugs, many investigators have concluded that  the chol ingergie  systems of the re t icular  formation are structures of 
muscar ine-sens i t ive  type [3, 4, 6, 7]. In the cerebra l  cortex [2, 16], the mesencephal ic  re t icular  formation, tha la -  
mus, caudate nucleus and hypothalamus [1] it  is considered that  main ly  muscar ine- l ike  chol inergic  systems are 
present. 

Al l  the investigators c i ted  above studied the loca l iza t ion  of chol iuergic  structures in the centra l  nervous sys- 
tem using e lec t rophys io logica l  and pharmacolog ica l  methods of analysis.  

In the present invest igat ion an a t tempt  was made at  a b iochemica l  approach to the problem of loca l iza t ion  
of the chot inergic  structures in the brain and some other tissues. 

The cho l ine - recep t ive  substance of the frog's myoeardium is a protein containing free sulfhydryl groups. 
During the act ion of a thiol  poison (mercuric  chloride) inact iva t ion  of the cho l ine - recep t ive  protein and corres- 
ponding loss of sensit ivity of the hear t  to ace ty lchol ine  are observed. In the presence of ace ty lchol ine  the abi l i ty  
of the thiol  groups of the cho l ine - recep t ive  protein to react  with mercury ions is depressed, and this is seen as the 

"ace ty lchol ine  wave" during mercur imet r tc  t i t rat ion of tissue homogenates [11]. The "ace ty l cho l ine  wave ~ is 
found only during t i t rat ion of homogenates from organs sensitive to ace ty lchol ine ,  and i t  may be used as a test for 
cho l ine - recep t ive  protein [9, 12]. 

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

Experiments were carried out on rats weighing 200-250 g. After decapi ta t ion of the animals  the brain, 
adrenals,  and hear t  were extracted.  With constant cool ing ,homogenates  were prepared from the gray mat ter  of the 
cerebra l  cortex,  thalamus, hypothalamus (the suprahypophyseal part), the mesencephalon (the corpora quadrigemina),  
the left  ventr ic le  of the heart ,  and the medul la  of the adrenals.  The thiol  groups in the homogenates containing 
50 mg of fresh tissue were es t imated  quant i ta t ively  by the method of amperomet r ic  t i trat ion [8] with a 0.001 N so- 
lution of l~ercuric chloride.  

Mercur imetr ic  t i t rat ion was carr ied out in the absence and presence of ace ty lcho l ine  chloride in a final con- 
centrat ion of 1 �9 10 -4 (using neost igmine 2 . 10 -s as stabil izer) ,  and also in the presence of adiphenine and sub~ 

stances known to cause se lec t ive  exci ta t ion  or paralysis of muscar ine- l ike  (arecol ine,  benactyzine)  or n i co t ine - l ike  
(nicotine,  benzohexonium) chol inergic  structures. 

Besides exper iments  on the brain of in tac t  rats, t i t rat ion was also carr ied out in the presence of ace ty lchol ine  
on tissue homogenates of rats receiv ing a subcutaneous inject ion of iproniazid or isoniazid in a dose of 100 m g / k g  
18 h before; the exper iment .  Each series of experiments  was carried out on 4-7 rats. 
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Fig. 1. Tota l  quantity of t i t ra table  thiol  groups ( inpmoles /100 mg tissue, 
unshaded columns) and quantity of SH-groups (in pmoles/100 mg tissue) 

comple te ly  binding mercury ions (shaded columns) in homogenates of var-  
ious rats '  tissues. 1) Titrat ion in tissue homogenates of intact  rats; 2) the 
same in the presence of ace ty lchol ine  (1 �9 10-4); 3) t i t rat ion in the pres- 

ence of ace ty lchol ine  in tissue homogenates of rats prepared by adminis t ra-  
tion of iproniazid; 4) the same in rats prepared by administrat ion of isoniazid; 
5) t i t rat ion in tissue homogenates  o f  in tac t  rats in the presence of arecol ine  
(2 �9 i0"4); 6) the same in the presence of n icot ine  (2 �9 10-4); 7) in the pres- 
ence of benactyzine  (2 �9 10-4); 8) in the presence of adiphenine (2 - 10-4); 

9) in the presence of benzohexonium (2 - 10"4). 

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

The results obtained are shown in Fig. 1. The difference between the heights of the second and first shaded 
columns determines  the size of the ~acetylchol ine wave.  ~ This wave was revealed  during mercur imetr ic  t i t rat ion 
of homogenates of a l l  the studied tissues (Fig. 1, 1 and 2) carr ied out in the presence of ace ty lchol ine ,  and this 
demonstrates the presence of cho l ine- recep t ive  protein in these tissues. 

The cho l ine - recep t ive  protein discovered in this way may react ,  despite the ace ty lchol ine ,  with arecol ine,  
benactyzine ,  and adiphenine.  In the presence of these substances an "ace ty leho l ine - l ike  ~ wave appeared:  an 
"arecol ine ,  ~ "benactyz ine ,"  and "adiphenine" wave.  When homogenates of the gray mat te r  of the cerebra l  cortex 
were t i t rated,  only an "adiphenine" wave could be de tec ted  (Figs. I i 5, 7, and 8). 

Meanwhile,  mercur imetr ic  t i t rat ion of tissue homogenates  carr ied out in the presence of nicot ine  and benzo-  
hexonium revealed an "ace ty lcho l ine - l ike"  wave- -a  "nicot ine"  and "benzohexonium" w a v e - o n l y  in the homo-  
genates of the adrenal  medul la  and the hypothalamus.  In the other tissues no "nicot ine"  or "benzohexonium" wave 
was found. 

1274 



Effect of Ace ty lchol ine  and Several  Other Substances on the Course of Mercur imetr ic  Titrat ion of Homogenates 

of Certain Rats' Tissues 
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*See Figs. 1, 3, and 4. 

Legend: + s ta t i s t ica l ly  significant presence, - absence of "ace ty lchol ine"  or "ace ty lcho l ine - l ike"  wave, • the 
difference of the means indicating the presence of an "ace ty lchol ine"  or analogous wave lies at the borderline of 
s ignif icance (P = 0.05). 
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Fig. 2. Curves of lnercur imetr ic  
t i t rat ion of thiol  groups in homo-  
genates of the hypothalamus with 
0.001 N solution of HgCI z. 1) Con- 
trol; 2) in the presence of a recol ine  
(2 �9 10-4); a) in the presence of 
nicotine (2 �9 i0-4). 

Curves of mercur imetr ic  t i t rat ion of homogenates of the suprahypo- 

physeal region of the rats'  brain are given in Fig. 2. In the presence of 
arecol ine  (2) and of nicotine (3) the course of the t i trat ion curve was m o d i -  

fied, showing an "ace ty lchol ine  wave" (the shaded parts of the curve), due 

to interact ion of the arecol ine  and nicot ine with cho l ine - recep t ive  protein. 

If it  assumed that  cho l ine - recep t ive  protein, which is capable  of in- 

teract ing with arecol ine ,  may also react  with nicot ine  or benzohexonium, 
it st i l l  is not c lear  why nicot ine and benzohexonium react  only with the 

cho l ine - recep t ive  protein of the hypothalamus,  the adrenal  medul la ,  and 
possibly the heart ,  al though protein capable  of react ing with a recol ine  was 
found in a l l  the invest igated tissues (see table) .  It is evident  that two types 
of cho l ine- recep t ive  protein exist. One of them, capable  of react ing with 
nicot ine  and benzohexonium, is found in the adrenal  medul la  and the hypo-  
tha lamic  region of the brain in rats, but is absent from the other invest i -  
gated tissues. 

It may be concluded from the results taken as a whole that  the cho l -  
inergie structures in the muscle of the left  ventr ic le  of the heart ,  the mesen-  

cephalon, and the thalamus of rats are structures of muscar ine-sensi t ive  
type. The hypothalamns and adrenal  medul la  contain two types of chol ine-  
recept ive  proteins. The specific effect  of the cholinergic substances is ev i -  
dently due, not only to the presence of the cho l ine- recep t ive  protein, but 
also to its inclusion in the exci tab le  structures of the cells.  

L I T E R A T U R E  C I T E D  

1. S, V. Anichkov and Yu. S. Borodkin, In the book: Abstracts of Proceedings of the 10th Congress of the I. P. 
Pavlov Al l -Union  Physiological  Society [in Russian], Moscow-Leningrad ,  Vol. 1 (1964), p. 62. 

2. A . V .  Val 'dman,  In the book: Current Problems in the Pharmacology of the Reticular Formation and Synap- 
t ie  Transmission [in Russian], Leningrad (1963), p. 281. 
P. P. Denisenko, Farmakol .  i Toksikol. ,  No. 1, 8 (1962). 3. 

4. P.P. Denisenko, Vesm. Akad. Med. Nauk SSSR, No. 3, 48 (1982). 

6. R. Yu. II'yuchenok and M. D. Mashkovskii, Fiziol. Zh. SSSR, No. ii, 1362 (1961). 

6. R. Yu. Ii'yuchenok and R. U. Ostrovskaya, Farmakol. i Toksikol., No. 6, 643 (1962). 

7. R. Yu. Ii'yuchenok and R. B. Matveeva, Farmakol. i Toksikol,, No. 5, 526 (1963). 

8. S.N. Nistratova, In the book: Thiol Compounds in Medicine [in Russian], Kiev (1969), p. 89. 

1275 



9. S .N .  Nistratova and T. M. Turpaev,  Biokhimiya, No. 1, 171 (1959). 

10. G . D .  Smimov and R. Yu. II 'yuchenok,  Fiziol .  zh. SSSR, No. 10, 1141 (1962). 

11. T . M .  Turpaev, The Mediator  Function of Ace ty lchol ine  and the Nature of the Choline-Receptor  [in Russian], 
Moscow (1962). 

12. T . M .  Turpae% S. N. Nistratova, and E. M. Roitburg et  al . ,  Fiziol .  zh. SSSR, No. 4, 502 (1964). 
13. F .B .  Bradley, In the book: The Reticular Formation of the Brain [Russian translation], Moscow (1962), p. 119. 

14. J .E .  Desmedt and G. la Grutta, I .  Physiol. (London), Vol. 136 (1957), p. 20. 
15. K . A .  Exloy, G. Fleming,  and A. D. Espelien, Brit. I .  Pharmakol. ,  Vol. 13 (1958), p. 485. 

16. V. Fliris, G. Morocutti ,  and G. F. Ayala ,  Boll. Soc. i ta l .  Biol. Sper., Vol. 38 (1962), p. 407. 

17. F. Rinaldi and H. E. Himwich, Arch. Neurol. Physchiat. (Chic.),  Vol. 73 (1955), p. 396. 

All abbreviations of periodicals in the above bibliography are letter-by-letter translitera- 
tions of the abbreviations as given in the original Russian journal. Some  or al l  o f  t h i s  per i -  

od i ca l  l i t e ra tu re  m a y  w e l l  be  a v a i l a b l e  in E n g l i s h  t rans lat ioN.  A complete l ist  of the cover-to- 
cover English translations appears at the back of the first issue of this year. 
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