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The a b i l i t y  of r e v e r s i b l e  t n h i b i t o r s  (ga lan thamine  and t a c r i n e )  to  p r o t e c t  m o u s e  and r a t  b r a i n  
c h o l i n e s t e r a s e  f r o m  t h e r m a l  d e n a t u r a t i o n  when  the t e m p e r a t u r e  is  r a i s e d  to  56 and 58~ was  
d e m o n s t r a t e d .  The p r o t e c t i v e  ac t i on  was  e x h i b i t e d  when the  r e v e r s i b l e  i n h i b i t o r s  l o w e r e d  
c h o l i n e s t e r a s e  ac t i v i t y .  The r e s i s t a n c e  of the  c h o l i n e s t e r a s e s  to  hea t  was  g r e a t e r  when  
g a l a n t h a m i n e . w a s  u sed  than  when t a c r i n e  was  used .  
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I n v e s t i g a t i o n s  have shown tha t  c e r t a i n  l i g a n d s  wh ich  i n t e r a c t  w i th  a c t i v e  c e n t e r s  of  c h o l i n e s t e r a s e  
(CE), inc lud ing  a c e t y l c h o l i n e  and t e t r a e t h y l -  and  t e t r a m e t h y l a m m o n i u m  ions ,  i n c r e a s e  the  t h e r m o s t a b i l i t y  
of  the  e n z y m e  [1, 3]. 

Th is  p a p e r  d e s c r i b e s  the  r e s u l t s  of a s t u d y  of the  e f fec t  of  the r e v e r s i b l e  i n h i b i t o r s  g a l a n t h a m i n e  and 
t a c r i n e  on t h e r m a l  d e n a t u r a t i o n  of  r a t  and m o u s e  b r a i n  CE. 

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

Two s e r i e s  of  e x p e r i m e n t s  w e r e  c a r r i e d  out.  In s e r i e s  I,  r a t  b r a i n  homogermte  was  u sed  as  the  s o u r c e  
of CE. To p r e p a r e i t ,  t h e b r a i n  (without the  c e r e b e l l u m )  was  r e m o v e d  and h o m o g e n i z e d  in a T e f l o n - g l a s s  
h o m o g e n i z e r  w i t h  p h y s i o l o g i c a l  s a l i n e  in the  r a t i o  of  1 : 19. To 1 ml h o m o g e n a t e  1 ml of  aqueous  s o l u t i o n s  
of  the  r e v e r s i b l e  i n h i b i t o r s  was  a d d e d  in a p p r o p r i a t e  c o n c e n t r a t i o n s  and the  m i x t u r e  was  incuba ted  at  58~ 
for  20 rain.  In p a r a l l e l  e x p e r i m e n t s  by  H e s t r i n ' s  m e t h o d  [5] the  a n t i c h o l i n e s t e r a s e  a c t i v i t y  of  the  p r e p a r a -  
t ions  was  d e t e r m i n e d  on incuba t ion  wi th  the  h o m o g e n a t e s  at  20~ A c e t y l c h o l i n e  iod ide  was  used  as  the  s u b -  
s t r a t e .  

In the  e x p e r i m e n t s  of  s e r i e s  I I ,  g a l a n t h a m i n e  and t a e r i n e  w e r e  i n j e c t e d  i n t r a p e r i t o n e a l l y  into the  m i c e  
in a dose  of  4 m g / k g .  The  a n i m a l s  w e r e  k i l l e d  30, 60, 120, and  180 re_in l a t e r ;  the  b r a i n  was  r e m o v e d  (with-  

T A B L E  1. P r o t e c t i o n  of  Ra t  B r a i n  CE a g a i n s t  T h e r m a l  De-  
n a t u r a t i o n  in P r e s e n c e  of  G a l a n t h a m i n e  and T a c r i n e  in V a r i o u s  
C oncen t r  a t  ions 

Inhibition of CE activity (qo of normal) Concentration 
of prepatatiom galanthamine tacrine 

(M) at 20 ~ at 58 ~ 

1,25--t0 -5  
2,5.10 -8  

1,25" 10 -6  
5" 10- 7 

2,5' 10 -~ 
5. 10- 8 

2,5. 10 -8  

at 20* at 5S ~ 

- -  9 0 , 0  + 1 , 7  
33,0~2,1 24,0-----3,8 
18,0-- 1,7 45,0+4,2 
16,0• 56,0-----2,9 
12,0~2,1 60,0-~4,1 
10,0+--0,9 72,0-----3,7 

0 91,0~2,5 

60,0~ 1,8 
42,0~2,3 
34,0~ 1,7 
19,0-----2,5 
9,0-- 1 ,2  

90--- 1,7 

24,0~0,9 
30,0--- 1,5 
42,0~ 3,2 
63,0-*-2,3 
82,0---4,2 
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TABLE 2. P r o t e c t i o n  of Mouse B r a i n  CE a ga i n s t  T h e r m a l  D e n a t u r a -  

t ion  at Var ious  T i m e s  a f t e r  I n j e c t i on  of G a l a n t h a m i n e  and  T a c r i n e  in 

a Dose of 4 m g / k g  (M • m) 

Inhibition of CE activity (~ of normal) 

Time after in- galanthamine tacrine 
jection of prepa- true 
rations (min) true inhibition at 56 ~ inhibition at sso 

Control 
3O 
6O 

120 
180 

77,5~2,1 
62,0~ 1,8 
53,0-'-2,3 
20,3----- 1,7 

80,0-- 1,8 
52,8-- 1,7 
56,0+--2,3 
60,0~3,2 
67,0--- + 1,8 

70,0-----2,8 
47,5-----2,1 
24,0~ 1,3 

0 

80,0 +- 1,8 
62,0• 
73,5~3,1 
82,0-----2,2 
80,0--2,7 

out the c e r e b e l l u m )  and  p l aced  in tac t  in t e s t  tubes  con t a in ing  phys io log ica l  s a l i ne  hea ted  on a w a t e r  bath  at 
56~ for  20 rain.  The r e s i d u a l  e n z y m e  ac t i v i t y  was  then  d e t e r m i n e d  in the homogena te s .  The degree  of in -  
h ib i t ion  of b r a i n  CE ac t iv i ty  in the a n i m a l s  a f t e r  i n j ec t ion  of the p r e p a r a t i o n s  a l so  was d e t e r m i n e d  by a 
spec i a l  method  des igned  to a s s e s s  the t r u e  inh ib i t ion  of.CE ac t iv i ty  a f te r  t r e a t m e n t  wi th  r e v e r s i b l e  i nh ib i -  

t o r s  [2]. 

EXPERIMENTAL RESULTS 

E1evation of the temperature led to inhibition of the rat brain CE activity by 90.0 • 1.7 % and mouse 
brain CE activity by 80.0 • 1.8 %. Preliminary incubation of the enzyme with the reversible inhibitors was 
followed by a much lesser degree of denaturation of CE and preservation of its activity (Table I). Galan- 
thamine was better able to protect the rat brain enzyme than taerine. For instance, with identical inhibition 
of CE by the reversible tnhibitors (by 33-34%) the increase in inhibition caused by thermal denaturation was 
24.0 • 3.8% in the presence of galanthamine but 42.0 • 3.2 70 in the presence of tacrine (P < 0.001). A similar 
pattern was found when the effect of the denaturing factor on mouse brain CE was studied. Inhibition of 
brain CE activity 30 rain after injection of the preparations was almost identical, but the resistance of the 
enzyme to heat was greater after galanthamine (Table 2). The increase in thermostability of the CE coin- 
tided in time with the inhibition of enzyme activity induced by the inhibitors. 

Protein denaturation is accompanied by structural changes in the protein molecule involving a dis- 
turbance of its secondary and tertiary structures [4]. Interaction between reversible inhibitors and CE 
creates a more stable and orderly structure and stabilizes the enzyme. This is evidently the reason for 
the increased thermostability of the reversible inhibitor-enzyme complex. 
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