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E F F E C T  O F  E T H I M I Z O L E  ON C H A N G E S  IN B R A I N  

M E T A B O L I S M  C A U S E D  BY O V E R S T I M U L A T I O N  

E .  V.  M o r e v a  a n d  V.  V .  B u l i o n  UDC 615.214.31.015.42 : 612.82 

During overs t imula t ion  (e lec t r ica l  s t imulat ion for  3 h) of r a t s  cons iderable  changes a r e  obse rved  
in the i r  bra in  me tabo l i sm.  These  changes  a r e  mani fes ted  as  exhaust ion of the noradrenal in  r e -  
s e r v e s  and d is turbance  of energy  metabo l i sm,  leading to a fall in the c rea t ine  phosphate  level .  
P r e l i m i n a r y  (before e l ec t r i ca l  s t imulat ion) admin i s t r a t ion  of e th imizole  p reven ted  the no rad ren -  
alin and c rea t ine  phosphate def ic iencies  in the b ra in  t i s sue  of the overs t imula ted  animals .  

KEY WORDS: prolonged e lec t r i ca l  s t imulat ion of the brain;  energy  metabol i sm;  noradrenal in;  
e th imizole .  

Analys is  of r e f l ex  dys t rophies  of the internal  organs  has shown that  the development  of t i s sue  injuries  is 
connected with a d is turbance  o f  the r egu la to ry  influences of the CNS. This  is shown by the p ro tec t ive  action 
of neurot ropic  drugs  blocking chol inergic  and ad rene rg ic  s y s t e m s  in the CNS and by the sharp dec rea se  in the 
concentrat ion of med ia to r s  - acetylchol ine and, in pa r t i cu la r ,  noradrena l in  (NA) - in the brain  t i s sue  [1, 9, 10]. 

The  invar iab le  par t ic ipat ion  of the CNS in the t r a n s m i s s i o n  of noxious impulses  during s t imulat ion of 
ref lexogenic  zones was the motivat ion for  the p r e s e n t  invest igat ion to de te rmine  whether metabol ic  changes 
take place  under these  c i r c u m s t a n c e s  in the bra in  t i s sue  and whether  they can be regula ted  by neurotropic  
drugs  such as a r e  used for the t r e a t m e n t  of exper imenta l  neurodys t rophies .  

For  this purpose ,  some  indices of energy me tabo l i sm  of the b ra in  were  studied and the  NA concentra t ion 
de te rmined .  The neurot ropic  drug used was ethimizole ,  an a lkylamide  of imidazoledicarboxyl ic  acid with a 
marked  cen t ra l  action on the energy  m e t a b o l i s m  of the CNS. The w r i t e r s  showed p rev ious ly  that  e thimizole,  
20 rain a f te r  injection into n o r m a l  animals ,  i n c r e a s e s  g lycolys is ,  oxidat ive phosphorylat ion,  and the c rea t ine  
phosphate (CP) concentrat ion,  but r educes  the inorganic phosphorus  content [2, 5, 11]. 

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

Exper imen t s  were  c a r r i e d  out on male  albino r a t s  weighing 180-200 g. For  overs t imula t ion ,  leading to 
the development  of neurogenic  dys t rophies ,  the an imals  were  s t imulated e lec t r i ca l ly  for 3 h through needle 
e lec t rodes  implanted into the musc les  of the fo re l imbs  [3]. E th imizole  was injected in t raper i tonea l ly  in a dose 
of 25 m g / k g  20 rain before  e lec t r i ca l  s t imulat ion began. Immedia te ly  af ter  the end of s t imulat ion the r a t s  were  
kil led by i m m e r s i o n  in liquid oxygen, the bra in  was removed ,  and the content of NA [6], pyruvic  acid [16], l ac -  
ta te  [13], glycogen [17], CP [14], and inorganic phosphorus [15] was de te rmined  in the c e r e b r a l  hemisphe re s .  
In tact  an imals  s e rved  as the control .  

Labo ra to ry  of Exper imenta l  Pha rmaco logy ,  Depar tmen t  of Pha rmaco logy ,  Inst i tute  of Exper imen ta l  
Medicine, Academy of Medical Sciences of the USSR, Leningrad.  (Presen ted  by Academic ian  of the Academy 
of Medical Sciences of the USSR S. V. Anichkov.) T rans la t ed  f r o m  Byulleten '  ]~ksperimental 'noi  Biologii i 
Meditsiny,  Vol. 85, No. 3, pp. 299-301, March,  1978. Original  a r t i c l e  submit ted June 10, 1977. 
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TABLE 1. Effect  of E th imizo le  on Changes in Some Indices of Bra in  Metabol i sm in Rats  
a f t e r  E lec t r i ca l  Stimulation for  3 h (M • m) 

Substrates 

Glycogen, mg% 
Pyruvic acid, mg% 
Lactate. mg% 
CP, mg% 
Inorganic phosphorus, mg% 
NA, p g/g tisSue 

control 

74,0-+3,2, n = 6  
0,78+0,01, n=6  
20,0_ 1,0, n=6  
22,0-t-1,3, n = 6  
24,0-+1,2, n = 6  
0,56+0,03, n = 9  

Experimental conditions 

s tim ulation 

45,0_----{-3,8, n=6  
1,06-t-0,05, n=6  
26,0-+0,8, n=6  
16,0-+1,4, n=6  
35,0-+2,3, n=6  
0,03 , n=8  

ethim izole + stimulation 

29,0-+2,3, n=6  
! ,25-+0,05, n = 6  
28,0+2,0, n = 6  
31,0!-1,6, n : 6  
20,0-+1,5, n=6  
0,31-+0,04, n=10 

Legend: n) number  of expe r imen t s .  

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

The  r e su l t s  given in Tab le  1 show that  a f te r  overs t imula t ion  for 3 h, causing the development  of neuro-  
genic les ions of the internal  organs ,  definite changes took place  in the energy  m e t a b o l i s m  of the CNS. These  
changes were  manifes ted  as a d e c r e a s e  in the energy r e s e r v e s  of the bra in  t i ssue ,  namely,  a dec r ea se  in the 
glycogen and Cp content. The d e c r e a s e  in glycogen and CP 3 h a f te r  the beginning of e lec t r i ca l  s t imulat ion 
of the an ima l s  amounted to 39 and 27% respec t ive ly .  Meanwhile the content of pyruvic  acid was increased  by 
36%, of lac ta te  by 30%, and of inorganic  phosphorus  by 46%. The changes obse rved  in the energy  me tabo l i sm 
of the CNS were  in flall ag reemen t  with data obtained by other worke r s  who found a reduct ion in the glycogen 
and CP r e s e r v e s  With a s imul taneous  inc rease  in the lact ic  acid and inorganic phosphorus  content in the b ra in  
of an imals  in a s ta te  of  s t r e s s  [12]. 

The  d is turbances  of energy m e t a b o l i s m  of the CNS during overs t i inula t ion were  accompanied  by a sharp  
fall  in the NA content in the b ra in  t i s sue  of the r a t s  (Table 1}, conf i rming prev ious  observa t ions  [1, 10]. 

Inject ion of e th imizole  20 rain before  the beginning of overs t imula t ion  of the an imals  had a p ro tec t ive  
act ion on m e t a b o l i s m  of the bra in  t i s sue  (Table 1). F o r  instance,  in the an imals  rece iv ing  ethimizole the de-  
f iciency in the content of the h igh-energy  compound CP did not a r i s e .  Under these  exper imenta l  conditions 
the CP level  not only r eached  normal ,  but actual ly  exceeded it by 40% compared  with the control  animals:  
31.0 =~ 1.6 and 22.0 =~ 1.3 rag% respec t ive ly .  It is in teres t ing to note that  the prevent ion  of the CP deficit  in the 
an imals  rece iv ing  e th imizole  was not accompanied  by normal iza t ion  of the indices of glycolysis .  On the con-  
t r a r y ,  a fu r ther  decline was obse rved  in the glycogen concentra t ion (by 60% compared  with the control) ,  and 
the pyruvic  and lact ic  acid content were  increased  by 60% and 40% respec t ive ly .  Since the w r i t e r s  showed 
prev ious ly  that  e th imizole  s t imula tes  the energy  m e t a b o l i s m  of the bra in  (glycolysis  and t i s sue  resp i ra t ion) ,  
it can tenta t ively  be suggested that  e thimizole  induces s t imulat ion of g lycolys is  and the effect ive ut i l izat ion of 
pyruva te  in the Krebs  cycle  under  conditions of overs t imula t ion  of the CNS. 

Bes ides  the p ro t ec t ive  action of e thimizole  on the energy  me tabo l i sm  of the CNS, it a lso  had a prevent ive  
ef fec t  on the  d e c r e a s e  in the NA concentra t ion  in the bra in  t i ssue .  Ethimizole  apprec iab ly  inhibited exhaustion 
of the NA r e s e r v e s  in the brain  t i s sue  and r e s t o r e d  its level  by 55% compared  with the control .  

The  r e su l t s  of these  expe r imen t s  thus indicate that  overs t imula t ion  of animals ,  leading to the develop- 
ment  of neurogenic dys t rophies  of the internal  organs ,  causes  metabol ic  changes in the bra in  t i s sue  which a r e  
mani fes ted  as exhaustion of the r e s e r v e s  of the adrenerg ic  media to r  and dis turbance of energy me tabo l i sm  in 
the CNS. P r e l i m i n a r y  admin is t ra t ion  of e th imizole  pa r t ly  p reven ts  these changes in the NA balance and p r e -  
vents  the  d i s tu rbance  of the energy  m e t a b o l i s m  of the b ra in  by abolishing the CP deficit in overs t imuta ted  
an imals .  

I t  is in teres t ing to c o m p a r e  these  r e s u l t s  with those of the investigation of the cyclic AMP concentrat ion 
in the b ra in  t i s sue s  during overs t imula t ion .  Expe r imen t s  in the w r i t e r s '  l abora to ry  have shown that  the cycl ic  
AMP level  in bra in  t i s sue  falls  cons iderably  during e l ec t r i c a l  s t imulat ion of r a t s  for 3 h [7]. Since, as the 
wr i t e r s  have shown [4, 8], the b iochemica l  effects  of e thimizole  in the brain  a r e  due to i ts  act ivat ing effect  on 
adenylate  cyc lase  and to the accumula t ion  of cycl ic  AMP, a biological  r egu la to r  of cell  me tabo l i sm,  this aspec t  
of the act ion of the compound might  well explain its p ro tec t ive  ef fec t  on the ene rgy  me tabo l i sm  of the brain.  
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N E U R O T R O P I C  A C T I V I T Y  OF P H E N Y L P Y R R O L I D O N E - 2  I S O M E R S  

R.  A. K h a u n i n a  UDC 615.21:547.745].015.11 

Pyrrol idone-2 (1)2) is a cyclic form of gamma-aminobutyric acid (GABA). In experiments on 
mice and rats the pharmacological activity of three isomers of phenyl derivatives of P 2 was in- 
vestigated. All the compounds inhibited motor activity, lowered muscle tone and body tempera-  
ture,  potentiated the action of hexobarbital, and possessed anticonvulsive (electrical shock, s t rych,  
nine, metrazol, thiosemicarbazide, audiogenic convulsions) and narcotic activity. The most ac- 
tive isomer was 4-phenylpyrrolidone-2 (phepyron). Comparison of the pharmacological activity 
of p henyl derivatives of P 2 and analogous derivatives of GA BA showed that the GA BA derivatives 
have no anticonvulsive or narcotic activity and are less toxic. It is suggested that the phenyl 
derivatives of P 2 are not converted into the analogous GABA derivatives in vivo. 

KEY WORDS: gamma-aminobutyric acid; phenylpyrrolidone-2; neurotropic activity. 

Pyrrol idone-2 (P2) can be regarded as the cyclic form of gamma-aminobutyric acid (GABA): 

NH2--CH2--CH~--CH2,COOH 
GABA 

H2C ~ --CH2 

P2 [5 32[ 
H~%I/C~ O 

NH 

The suggestion that P2, which is a nonpolar molecule, is more soluble than GABA in tipids, and so pene- 
t ra tes  in greater  quantity through the b lood-bra in  bar r ie r ,  after which it is converted by hydrolysis into GABA, 
has led many workers to study its pharmacological action. Comparison o fP  2 with GABA has revealed that 
it has somewhat greater  or less pharmacological activity than P 2 depending on the index used [11-13, 15, 16]. 
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