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The effect of some tropane derivatives on the uptake of exogenous noradrenal in was studied in 
experiments  on isolated hypothalamic synaptic ves ic les .  L K - t l ,  in a concentrat ion of 1" 10 -~ M, 
like cocaine, inhibits the passive uptake of noradrenalin.  This effect was shown to depend on the 
concentrat ion of mediator  in the incubation medium. 
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Many neurotropic agents are known to inhibit the uptake of noradrenalin (NA) by the synaptic ves ic les  
(SV) of nerve endings in the brain, so that the quantity of the physiologically active form of the mediator  r ises .  
In par t icular ,  isolated hypothalamic SV are capable of taking up exogenous NA [7, 8], and for  that reason they 
can be used as an indicator of adrenergic  mediation. 

The effect of several  tropane derivat ives  on NA uptake by the SV fraction of rat  hypothalamus was investi-  
gated. The tropane derivat ives  studied included: tropinone hydrochloride (LK-1), tropine hydrochloride (LK- 
2), tropinone semicarbazide  hydrochloride (LK-4), tropinone iodomethylate (LK-5), pseudotropine benzoate hy- 
drochloride (LK-7), and the tr0pine es te r  of f i-morpholinopropionic acid dihydrochloride (LK-11). Cocaine, 
whose central  effects are  connected with presynapt ic  blocking of the adrenergic  mediator  [3, 6], was used  as 
the standard preparat ion.  

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

Groups of 10-12 ra ts  were used. After decapitation the hypothalamic t issue was homogenized in 0.32 M 
sucrose  solution. The unpurified mitochondrial fract ion was isolated by the usual method at 12,000g (10 rain), 
suspended, and subjected to osmotic shock by the addition of water  to a sucrose concentrat ion of 0.06 M. The 
SV fract ion was isolated by the method of de Robert is  et al. [2]. Heavy components (fraction M1) were separated 
by the f i rs t  centrifugation at 20,000g, af ter  which the supernatant was centrifuged at 100,000g(for 1 h) to vield 
a residue consist ing chiefly of SV (the M 2 fraction), and a supernatant containing soluble components (fraction 
M3). To obtain the biochemical  charac te r i s t i c s  of the fract ions obtained in these experiments ,  the distribution 
of NA and protein in them was studied and the relat ive specific concentrat ion (RSC) of noradrenalin for  each 

fract ion was calculated. 

SV were suspended in sucrose  solution or Tris-HC1 buffer, pH 7.4, so that 1 ml of suspension contained 
SV f rom 0.2 g t issue.  Samples were then prepared,  each of which contained 2 ml of suspension, 0.5 ml of NA 
solution (concentration given in the Tables), and 0.5 ml buffer, with or  without addition of the tes t  substances.  
The tropane derivatives and cocaine were used in a concentration of 1" 10 -5 M. The samples  were incubated for 
15 min at 37~ or  0~ and centrifuged at 100,000g, af ter  which the residual  NA in the incubation medium was 

determined. 

NA was es t imated by a spect rof luorometr ic  method [1] and protein by Lowry ' s  method [4]. 
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TABLE ! .  D i s t r i b u t i o n  of N o r a d r e n a l i n  and  

P r o t e i n  in  S u b c e l l u l a r  F r a c t i o n s  of Rat  Hypo- 

t h a l a m u s  (M • m) 

M1 

M3 

Noradrenalin 

~g/g tissue % 

0,80m0,09 40,Ore 1,7 
0,73--0,08 36,3 .+. 1,7 
0,47---+ 0,06 23,7 .+. 1,8 

Protein 

62,4~+3,9 
19,5~2.5 
18,1~2,1 

z!e~ 

T] 
0 

0,64 
1,86 
1,31 

Legend.  Mean r e s u l t s  of s ix  e x p e r i m e n t s  

g iven  

TABLE 2. Effect  of LK-1,  
and  LK-7 on NA Uptake by 
Synapt ic  V e s i c l e s  (M • m) 

LK-2,  LK-4 ,  
Hypot ha l amic  

LK-5,  

Experiemental conditions 

Control (without preparation) 
LK-I 
LK-2 
LK-4 
LK-5 
LK-? 
Cocaine 

NA concentration 

ng/ml % 

50,0• I00 
42,5m6,3 85 
47,5--+8,8 95 
56,0~9,! 112 
50,0~9,0 100 
53,3+12,5 !06 
65,0--5,0 i30" 

Legend.  Mean r e s u l t s  of 3 or  4 e x p e r i m e n t s  

given.  A s t e r i s k  m a r k s  v a l u e s  for  which P < 

0.05. 

TABLE 3. NA Uptake by Hypo tha lamie  Synaptie  V e s i c l e s  in the P r e s e n c e  of LK-11 and  

Cocaine  (M =~ m) 

Experimental conditions 

Control (without preparation) 
Control (without preparation) 
LK- II  
Cocaine 

Incubation 

0 ~ 15 rain 
37 ~ 15 rnin 

Ditto 
. 

NA concentration (initial 
level I0 -4 M__)_ 

ng/mI % 

53,2-----3,4 i00 
38,7+2,6 72,7 
44,7 + 3,5 84,0 
46,4+---2,7 87,2 

NA concentration (initial 
level 3, 10 -s M) 

ng/ml % 

18,0~3,4 100 
20,0~4,5 lll,1 
19,5+3,5 108,3 
23,0+4,5 128,0 

Legend.  Mean r e s u l t s  of 4 e x p e r i m e n t s  given.  

EXPERIMENTAL RESULTS AND DISCUSSION 

The r e s u l t s  g iven in Tab le  1 show that  the f r a c t i o n s  ob ta ined  by s u b c e l l u l a r  f r a c t i ona t i on  of the hypo- 
t h a l a m i c  t i s s u e  were  d i s t i ngu i shed  by a high NA c o n c e n t r a t i o n  ca l cu l a t ed  pe r  g r a m  t i s s u e ,  a c h a r a c t e r i s t i c  
f ea tu re  of th i s  p a r t  of the b r a i n .  

The highest  RSC of n o r a d r e n a l i n  (1.86) was ob ta ined  for  f r ac t ion  M2, r e f l e c t i ng  i ts  high content  of a d r e -  
n e r g i c  SV. In the subsequen t  e x p e r i m e n t s  th i s  f r a c t i o n  was  used  a s  the model  for  s tudy ing  the effect  of  t r o p a n e  
d e r i v a t i v e s  on NA uptake.  

In the e x p e r i m e n t s  of s e r i e s  I, SV were  incuba ted  in a m e d i u m  of s u c r o s e  to which exogenous  NA was 
added (2 ~ g / m l ) .  Samples  con ta in ing  the t e s t  p r e p a r a t i o n s  or  coca ine  (10 -5 M of each),  and a l so  the con t ro l  
(not con t a in ing  the p r e p a r a t i o n s ) ,  were  incuba ted  for  15 min  a t  37~ af te r  which they  were  c e n t r i f u g e d  and the 
d e c r e a s e  in NA was d e t e r m i n e d  in the incuba t ion  me d i um.  

It wil l  be c l e a r  f r o m  Tab le  2 that  the t ropane  d e r i v a t i v e s ,  in a c o n c e n t r a t i o n  of 10 -5 M, had no effect  on 
NA uptake by the SV f rac t ion .  Under  these  s a m e  cond i t ions  coca ine  b locked the uptake by 30% c o m p a r e d  with 
the cont ro l .  
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Table 3 gives the resul ts  of the investigation of LK-11 which, as the wr i te r s  have found, has a s t ronger  
pharmacological  action than the other derivat ives of this ser ies .  In the present  exper iments  incubation was 
ca r r i ed  out in Tris-HC1 buffer, pH 7.4, and in medium containing different NA concentrat ions (1- 10 -4 M and 
3 �9 10 -~ M). Clearly,  with an NA concentration in the medium of 1" 10 -4 M, its decrease  af ter  incubation (15 min, 
377C) was 27.3% compared  with the control.  

On the addition of LK-11 to the medium (10 -5 M) moderate inhibition of NA uptake was observed.  Under 
the same conditions cocaine had a s imi lar  effect. 

In medium containing the smal les t  NA concentrat ion (3 �9 10 -G M) its uptake by SV was pract ica l ly  nil in 
these experiments.  LK-11 and cocaine in this case also had no substantial effect on the NA concentrat ion in 
the incubation medium. 

Like cocaine, LK-11 thus inhibits the passive uptake of NA by hypothalamic synaptic ves ic les  in vitro. 
However, this effect depends on the NA concentration in the incubation medium. If the NA concentrat ion is de- 
ficient, l iberation of bound NA from SV can be act ivated [5]. This p rocess  also is cha rac te r i s t i c  of hypothala- 
mie SV, but its sensit ivity to pharmacological  action may be different. 
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Injection of a rmin*  into mice af ter  p re l iminary  adminis t ra t ion of gatanthamine leads to a decrease  
in the inhibition of brain acetylchol ines terase  (ACE) induced by the revers ib le  inhibitor. This 
effect is associa ted  withthe accumulation of acetylcholine and displacement of galanthamine by it 
f rom the active centers  of ACE. In exper iments  in vivo, the competitive cha rac te r  of interaction 
between galanthamine and ACEwas thus  revealed.  

KEY WORDS: galanthamine and armin;  brain acetylchol ines terase;  revers ib le  and i r revers ib le  

inhibitors. 

It was shown previously that galanthamine competes  with acetylcholine (AC) for the active sites on ace ty l -  
chol inesterase  and that an increase in the substrate  concentrat ion in vi t ro  leads to a decrease  in the inhibition 
of ACE by this revers ib le  inhibitor [1, 2], 

'*Ethyl-P-ni t rophenyl  es te r  of ethylphosphinic acid. 
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