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It was shown by the use of an enzymic  method of de termining  cycl ic  3 ' , 5 ' - adenos ine  monophos-  
phate (cyclic AMP) that e th imizole  m o r e  than doubles the concentra t ion of this substance in 
the r a t  bra in  t i s sue  20 min a f te r  in t raper i t enea l  injection in a dose of 25 mg/kg .  C h a r a c t e r -  
is t ic  changes of ca rbohydra te  me tabo l i sm  assoc ia ted  with an increased  cycl ic  AMP were found 
in the brain:  a d e c r e a s e  in the glycogen content and an inc rease  in the glucose content. It is 
concluded that the mechan i sm of action of  e thimizole  is connected with inc reased  format ion  of 
cycl ic  AMP in bra in  t i ssue.  
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The g r ea t  therapeut ic  value of e th imizole  is connected with i ts  action on brain  s t ruc tu r e s  with many 
different  functions. However,  the b iochemica l  mechan i sm of the act ivi ty of e thimizole  has rece ived  li t t le 
study. 

Invest igat ions in the w r i t e r s '  l abora to ry ,  under Academician of the Academy of Medical Sciences of 
the USSR S. V. Anichkov's  direct ion,  have shown that e thymizole  has a marked  act ivat ing action on bra in  
adenyl cyc lase .  On this bas i s  it might be expected that e th imizole  would cause  an inc rease  in the content 
of cyclic  3 ' ,5 ' - adenos ine  monophosphate (cyclic AMP) in the bra in  t i ssue and associa ted  metabol ic  changes,  
for cycl ic  AMP is known to be a eofac tor  for many  enzyme s y s t e m s .  

The object  of this invest igat ion was to study the effect  of e thimizole  on the cyclic AMP level  in ra t  
bra in  t i ssue and also on the levels  of glycogen and glucose,  the pr incipal  subs t r a t e s  of ca rbohydra te  me t ab -  
o l i sm,  whose content is a lso dependent on cyclic  AMP. 

EXPERIMENTAL METHOD 

Ethimizole  was injected in t raper i tonea l ly  into male  r a t s  in a dose of 25 mg/kg. B ra in  t i ssue was 
taken for invest igat ion 20 min la te r .  

Cyclic AMP was de te rmined  by an enzymic  method [2, 5]. The bra in  t i ssue was f rozen in liquid ni -  
t rogen and homogenized in 5 volumes of 10% TCA. Cyclic AMP was separa ted  f r o m  the other  adenosine 
nucleotides by adsorpt ion on ZnSOcBa(OH)2, followed by high-vol tage e l ec t rophores i s  on paper  [8]. The 
volume of supernatant  taken for e lec t rophore t ic  f ract ionat ion was 0.1 ml.  Cyclic AMP was identified by its 
u l t raviole t  f luorescence  and eluted with 50% ethanol,  which was then removed  by means  of a vacuum evapo-  
r a to r .  

Each sample  was then t r ea ted  with 0.2 ml 0.5 M T r i s - H C l  buffer ,  pH 7.7, and 1 mM MgSO 4. The 
cyclic  AMP was then converted into 5 ' -AMP by the addition of 0.01 ml  (20 ~g) 3 ' , 5 ' -AMP phosphodies te rase  
(purified lyophilized p repa ra t ion  f rom bovine hea r t  with an act ivi ty  of 0.45 unitAng; Sigma, USA) to 0.05 
ml of the solution of cyclic AMP. The reac t ion  was stopped by boiling af ter  incubation for  30 min at 37~ 
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TABLE 1. Content of Cyclic AMP, Glycogen, and Glucose in Bra in  
T i s sue  of Rats  20 min  a f te r  Adminis t ra t ion  of 25 mg/kg Ethimizole  
(M• m) 

Parameter Control Ethimizole given 

Cyclic AMP (in motes/g) 
Glycogen (in mg %) 
Glucose (in mg % ) 

1,1_+0,2.10--9(5) 
68,0___ 2,6 (10) 
28,6+ 0,8 (7) 

2,4• 0,2.10 -9 (5) 
29,0----- 1,6 (lO) 
37,5+ 2,2 (7) 

Legend. Number  of d e t e r m i n a t i o n s  shown in pa ren theses .  

The samples  were  cooled to 0~ and this was followed by the addition of an ATP-gene ra t ing  s y s t e m ,  con-  
s is t ing of 0.15 ml of r eagen t  containing 0.2 M T r i s - H C l  buffer ,  pH 7.5, 6 mM MgCI2, 0.1 M KC1, 15 mM di-  
n i t ro thre i to l ,  7.5 mM phosphoenolpyruvate ,  0.5 mM EDTA, lx10 -8 M ATP,  30 ~g/ml myokinase  ( p r e p a r a -  
tion f rom pig hea r t  with act ivi ty  of 940 units/rag; Sigma),  and 80 ~g/ml  pyruvate  kinase ( f rom rabb i t  musc le ,  
ac t iv i ty  100 enzyme units /mg; Reanal ,  Hungary).  The s amp le s  were allowed to stand overnight  at r o o m  
t e m p e r a t u r e ,  a f te r  which an ATP-ut i l iz ing s y s t e m  was added: 0.1 ml of a r eagen t  containing 10 mg/ml hexo- 
kinase (Cycle, USA) and 60 mM glucose. After incubation for 1 h at 37~ the reac t ion  was stopped by boi l-  
ing. The samples  were cooled and centr i fuged,  a f ter  which 0.01 ml of the superna tant  was added to 4 ml  
of a solution containing 0.1 M T r i s - H C l  buffer ,  pH 7.5, 0.1 mM NADP, and 1 ~g/ml g lucose -6 -phospha te  
dehydrogenase  (Fluka, Switzerland).  The NADP-H2, fo rmed  in an amount  cor responding  to the ATP and, 
consequently,  the cycl ic  AMP content in the s ample s ,  was m e a s u r e d  f luo romet r i ca l ly  with the BIAN-130 
f luo romete r .  

To de t e rmine  the glucose and glycogen in the t i ssue the r a t  bra in  was f rozen in liquid oxygen. P r e -  
cipi tat ion of  the glycogen and its  pur i f icat ion were  c a r r i e d  out by the method of K e r r  [6]. The glucose con- 
tent  a f ter  hydro lys i s  of the glycogen res idue  was de te rmined  enzymica l ly  by the glucose oxidase method 
[1]. The glucose content  in the bra in  t i ssue  was de te rmined  by the hexokinase method [9]. 

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

Dete rmina t ion  of cycl ic  AMP by the enzymic  method showed that its concentra t ion in r a t  bra in  t i ssue  
was 1.1 • -9 m o l e / g  t i ssue ,  in a g r e e m e n t  with data in the l i t e r a tu re :  accord ing  to Breckenr idge  [2], the 
cyclic  AMP content of mouse bra in  t i ssue  is 0.8 x10-9-1.2 x 10 -9 mole/g t i ssue ,  and according to Geldberg  
et al .  [5], the cycl ic  AMP content  in r a t  b ra in  t i ssue is 2.2 x 10 -9 mole/g t i ssue .  

The r e su l t s  of the p r e s e n t  expe r imen t s  showed that 20 min a f te r  its admin is t ra t ion  in a d o s e  of 25 
mg/kg,  e th imizole  m o r e  than doubled the cycl ic  AMP content in the bra in  t i ssue  compared  with the control  
(Table 1). The bra in  glycogen level  under the s ame  conditions fell cons iderably  (29.0 mg~,  normal  68.0 
mg %). The ave rage  i nc rea se  in the glucose content was 30%, a s ignif icant  change compared  with the con-  
t ro l .  

Ethimizole  thus leads to m a rked  accumula t ion  of cycl ic  AMP in bra in  t i ssue  accompanied  by an in-  
c r e a s e  in the g lucose  and a d e c r e a s e  in the glycogen content.  

The changes thus revea led  in the glycogen and glucose content in the bra in  under the influence of 
e th imizole  a r e  c h a r a c t e r i s t i c  of an i nc rea se  in the cycl ic  AMP content. One of the mos t  impor tan t  e f fec ts  
of cycl ic  AMP on ca rbohydra te  me tabo l i sm  is i ts  glycolyt ic  action. Cyclic AMP ac t iva tes  the kinase "B" 
of phosphory lase  which, in turn,  conver t s  the phosphory lase  f r o m  the inact ive into the act ive s ta te  [7]. 
Many invest igat ions  have shown an i nc rea se  in g lucose  product ion in the t i s sues  following an i nc r ea se  in 
the cycl ic  AMP concentra t ion ,  and this may  come about in th ree  ways:  by act ivat ion of phosphory lase ,  by 
inact ivat ion of glycogen synthe tase ,  and by s t imulat ion of g luconeogenesis  [3, 4, 10]. 

An i n c r e a s e  in the cycl ic  AMP content in the bra in ,  conf i rmed by the d i rec t  de te rmina t ion  of cyclic  
AMP and indirect ly ,  by c h a r a c t e r i s t i c  changes in ca rbohydra te  me tabo l i sm,  was thus demons t r a t ed  under 
the influence of e th imizole  in the brain.  The w r i t e r s  p rev ious ly  showed that e th imizole  s t imula tes  adenyl 
cyc lase  act ivi ty .  It can accordingly  be concluded that the molecu la r  mechan i sm of the act ivat ing action of 
e th imizole  is connected with i nc rea sed  format ion  of  cycl ic  AMP in the brain .  
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