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Administration of diazepam (20 mg/kg) leads to an increase in the free and bound acetylcholine 
concentrations in the mouse brain. Prel iminary administration of diazepam (20 mg/kg) poten- 
tiates the anticholinesterase action and toxicity of galanthamine. The toxicity of eserine, 
armin* and phosphacol~ is unchanged under these conditions. It is suggested that diazepam 
blocks the liberation of acetylcholine from cholinergic nerve endings, which must lead to a de- 
crease  in the concentration of functional acetylcholine in the synaptic space. 
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The benzodiazepines, which are widely used in clinical practice as tranquilizers and anticonvulsants, 
are known to reduce the rate  of acetylcholine turnover and to increase its concentration in the brain of animals 
[6, 8, 13]. 

This effect is linked with the blocking of acetylcholine liberation from presynaptic nerve endings by the 
diazepines, although this has not been demonstrated experimentally [8]. 

The object of the present investigation was the pharmacological analysis of the mechanism of the effect 
of diazepam on the acetylcholine concentration in the mouse brain. 

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

Experiments were carr ied out on male albino mice weighing 19-23 g. The concentrations of f ree  and 
bound acetylcholine were determined by the method of Crossland and Slater [9] in the whole brain (without the 
cerebellum) of the animals 30 rain after administration of diazepam in doses of 2.5 and 20 mg/kg.  The toxicity 
of the cholinesterase inhibitors eserine, armin, and phosphacol was determined after preliminary administra- 
tion of diazepam in a dose of 20 mg/kg  30 min before the inhibitors, and the toxicity of galanthamine was de- 
termined under the same experimental conditions after administration of diazepam in doses of 2.5, 5, 10, and 
20 mg/kg .  The values of LDs0 were calculated by probit analysis of the mortality curves, using the method of 
least  squares [3]. 

The effect of galanthamine (1 and 4 mg/kg),  eserine (0.4 mg/kg),  and armin (0.35 mg/kg) on the inhibi- 
tion of acetylcholinesterase activity was investigated in the brain of intact mice and of mice receiving diazepam 
in doses of 2.5 and 20 mg/kg  30 min before administration of the inhibitors. The acetylcholinesterase activity 
was determined by Hestr in 's  method [11] 30 min after  injection of cholinesterase inhibitors. Prel iminary ex- 
periments showed that diazepam itself, in the doses used, did not affect acetylcholinesterase activity. The 
degree of inhibition of enzyme activity after administration of the revers ible  inhibitors - galanthamine and 
eserine - was determined by the method suggested by Tonkopii et al. [5]. All drugs were dissolved in water 
and injected intraperitoneally in a dose of 0.1 ml /10  g body weight. Tween-80 was added to the weighed sam- 
ples of diazepam, and aqueous suspensions of the drug were then prepared.  

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

Administration of diazepam in a dose of 2.5 mg/kg  did not change the acetylcholine concentration in the 
mouse brain. Increasing the dose of the drug to 20 mg/kg  led to a significant (P < 0.01) increase in the levels 

*The ethyl-p-nitrophenyl es ter  of ethylphosphinic acid. 
tSynonymous with paraoxan. 
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Fig.  1. 
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Changes in LDs0 of galantha- 
mine af te r  p re l imina ry  (30 rain be-  
forehand) adminis t ra t ion of diazepam 
to mice .  A) Control (without d iaze-  
pare), B, C, D, E) af ter  p re l iminary  
adminis t ra t ion of diazepam in doses  
of 2.5, 5, 10, and 20 m g / k g  r e s p e c -  
t ively.  

TABLE 1. Acetytcholine Concentrat ion (in 
/~ g / g  wet weight of t issue)  in Mouse Bra in  
af te r  Administrat ion of Diazepam, (M • m) 

oo eo  i Fre  l- I ~176 
d i a z e p a m ,  acetyl- e acetyl- 
mg/kg chohne chohne 

Control [ 2"I0•176 ] ~  i ! -- 
2,5 2,07• ,5 2,39• 

_ 2,91 +0,06 20,0 2,77+0,04 |<O,Oll 

n i p  

175 ~o_5 
8 ~0,01 

TABLE 2. LDs0 (in mg/kg)  of Chol ines terase  
Inhibi tors  in Mice af te r  P r e l i m i n a r y  (30 rain 
beforehand) Inject ion of Diazepam (20 mg/kg )  
(M • m) 

Cholinesterase [Afterpre- I 1 
inhibitor Control n lfminary n p 

diazeparn 

Galanthamine 16,66-1-1,22 42 t 7,89-t-0,65 361~0 01 
Eserine 1,03+0,05 30 0,905• 421~0,5 
Phosphacol 2,05_-t-0,18 36 2,04+0,08 361~>0,5 
Armm 1,55• 36 1,65~0,03( 36[~0,5 

of both f r e e  and bound acetylcholine (Table 1). The  toxici ty of ese r ine ,  phosphacol,  and armin  was unchanged 
in the animals  rece iv ing  a p re l iminary  injection of diazepam in a dose of 20 mg /kg ,  whereas  the toxici ty of 
ga lan~amine  under these conditions was more  than doubled (Table 2). The values of LDso for galanthamine 
fell  with an increase  in the dose of diazepam (Fig. 1). In a dose of 2.5 m g / k g  diazepam caused no changes in 
the acetyleholine concentrat ion and did not affect  the toxicity of galanthamine. 

The degree  of inhibition of ace ty lcho l ines te rase  act ivi ty in the mouse brain af te r  adminis t ra t ion of a t ta in  
and e se r ine  was unchanged by p re l imina ry  adminis t ra t ion of diazepam in doses  of 2.5 and 20 m g / k g .  Potent ia-  
t ion of the ant ichol ines terase  action of galanthamine (P < 0.01) was found af te r  p re l iminary  administrat ion of 
d iazepam in a dose of 20 m g / k g  (Table 3).  Injection of diazepam into mice  in doses  causing changes in the 
brain acetylcholine level  thus was shown to potentiate the ace ty lchol ines te rase  action and toxicity of galantha- 
mine.  

The increase  in the acetylchol ine concentrat ion in the mouse brain a f te r  injection of diazepam may have 
been the r e su l t  of a dec rease  in the intensi ty of l ibera t ion  of the media tor  f rom cholinergic nerve  endings. In 
that case  the concentrat ion of functional acetylcholine in the synaptic space would have fallen significantly. The 
validity of this hypothesis  is conf i rmed by the increase  in ant ichol ines terase  activity and toxicity of galantha- 
mine under the influence of diazepam but the absence of this  effect  when the other  chol ines terase  inhibitors 
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TABLE 3. Inhibition of Acety lchol ines terase  Activity (in %) in Mouse Bra in  30 Min af te r  
Injection of Chol inesterase  Inhib i tors  P receded  by Administrat ion of Diazepam (M • m) 

Cholinesterase 
inhibitor 

Galanthamine 
phosphacol 
Armin 
Eserine 

Dose, 
mg/kg 

0,3 
0,4 

Control 

70,6+1,27 
23,5 0,92 
83,6_1,82 
79,9 +3,43 

2.5 mg/kg 
n diazeparn 

180 71,5+1,41 
25,3___1,21 

162 84,6• 
76,1 • 

n 

,0  

~0,5 
>o,5 
~0,5 
~0,5 

20 mg/kg 
diazepam 

86,2+.0,60 
42,3+0,41 
80,0+1,85 
81,7+1,71 

t l  

lO 
1o 

~0,01 
~O,01 
~>0,5 
~0,5 

were  used. The ant ichol ines terase  action of galanthamine, which is a competi t ive r eve r s ib le  inhibitor, is 
known to be ex t r eme ly  sensit ive to changes in the acetylcholine concentrat ion in the medium [4]. F o r  instance,  
even a smal l  dec rease  in the acetylcholine concentrat ion leads  to an increase  in the degree  of inhibition of 
ace ty lcho l ines t e rase  act ivi ty by the r eve r s ib l e  inhibitor [1]. The ant ichol ines terase  activity of the other  cho- 
t i n e s t e r a s e  inh ib i to rs  used, however,  can be significantly cahnged only by high concentrat ions of ace ty l -  
choline [2], many t imes  higher  than the concentrat ion of functional media tor  in the synaptic space [10]. 

In connection with the use of r eve r s i b l e  chol ines terase  inhibitors and, in par t icular ,  of e se r ine  as  ant i-  
dotes in the t r e a tmen t  of benzodiazepine poisoning [7, 12], the resu l t s  of the present  exper iments  a re  of p rac t i -  
cal importance.  Great  care  must  evidently be taken when galanthamine is used in combination with la rge  doses  

o f  benzodiazepines.  
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