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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]. 

Laboratory of P sychopharmacology, V. M. Bekhterev Leningrad 1 ~ sychoneurological Research Institute. 
(Presented by Academician of the Academy of Medical Sciences of the USSR V. V. Zakusov.) Translated from 
Byulleten' ]~ksperimental'noi Biologii i Meditsiny, Vol. 85, No. 3, pp. 301-304, March, 1978. Original art icle 
submitted September 9, 1977. 
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T A B L E  1. C o m p a r a t i v e  P h a r m a c o l o g i c a l  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 s  M ~- m) 

Index 5 -Phenyl -P2 

Locomotion (no, of crossings of the lines 
Standing up (number of timeS) 
Standing up (% of total suppression) 
Muscle tone (% of animals holding on 

to rod) 
Body temperature, ~ 
Hexobarbitah 

latent period, min 
lateral position, rain 

Thiosemicarbazide: 
convulsions, % 
mortality, % 
latent period, rain 
length of survival, rnin 

EleCtrical stimulation: 
convulsions. % 

Strychnine: 
cDnvulsions, O7o 
mortality, % 
latent period, rain 
length of survival, rain 

Mettazol: 
convulsions, ~/r 
mortality, % 

rt,o 3-Phenyl-P2 4-Phenyl-P2 

34.64-2,9 32,6-.+5,0 13,2-.+5,3" 
30,4__+2,5 7,8--4-_2,8* 0* 

0 0 100" 

100 70 0 * 
38,64-0,1 34,4-.+0,9* 28,7-.+0,4* 

41 03 4,4-.+0,3 1,6 0,1* 
80 3-1-14 3 9 2 , 7 4 - 1 1 , 2  191,54-23,2" 

100 100 100 
100 100 80 

56,0-.+2,4 84,9-.+7,0* 190,5 13,4" 
77,9-.+9,8 120,9 i9,1' 227,4-+14,7" 

100 60 0* 

100 87,5 12,5" 
100 75 12,5" 

7,4-.+0,4 12,3-.+1,0" --  
7,6-.+0,4 14,3-.+1,4" --  

100 93 62,5 
100 66,7 26,7* 

16,2-.+2,9" 
1 3* 
70* 

30* 
32,64-0,7' 

2,6+0,2* 
126,8-.+11,2" 

100 
100 

107,4-.+4,5" 
115,9 6,7" 

30* 

87,5 
50,0* 

17,04-l,6" 
20,7-.+3,6* 

86,7 
73,3 

32,2_4-3,3* 
42,4-.+4,3* 

48O 

latent period, min 4,9+0,4 14,3_+1.6 31,1-4-4,0" 
length of survival, min 16,7-.+3,0 23,4+3,0 40,0-.+-2,7* 

LDs0, mg/kg 300 

Legend :  1) compounds  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 m i c e  m d o s e  of  157 m g / k g  30 min  
b e f o r e  e v a l u a t i o n  o f  e f fec t .  2) Groups  of  10 m i c e  o r  m o r e .  3) V a l u e s  fo r  which  P < 0.05 
c o m p a r e d  with c o n t r o l  m a r k e d  by  a s t e r i s k .  

T A B L E  2. E f fec t  of P h e p y r o n  and P h e n i b u t  on Motor  A c t i v i t y  and M u s c l e  Tone  in M i c e  

t .... EDso, mg/kg, relative to inhibition 

Index phepyron phenibut 

Locomotion I 84,0 (65,6--107,5) 73,0 (46,0--114,6) 
Standing up ! 64,0 (58,2--70,4) 51,0 (42,4--62,8) 
Muscle tone 90,0 (76,3--106,2) 97,0 (78,8--111,2) 

H o w e v e r ,  on l o c a l  a p p l i c a t i o n  of  P 2  to  the  c e r e b r a l  c o r t e x ,  un l ike  GABA i t  d id  not  b lock  the e x c i t a t o r y  p o s t -  
s y n a p t i c  p o t e n t i a l  [ 14]. 

T h e  w r i t e r  showed  p r e v i o u s l y  tha t  pheny l  d e r i v a t i v e s  of  GABA have  a s eda t i ve ,  t r a n q u i l i z i n g ,  and m u s c l e -  
r e l a x i n g  a c t i o n  [4, 5] and  tha t  t hey  p e n e t r a t e  into the  b r a i n  in l a r g e r  q u a n t i t i e s  than  GABA. 

It  was  a c c o r d i n g l y  d e c i d e d  to  s tudy  the  c h a n g e s  in t he  p h a r m a c o l o g i c a l  p r o p e r t i e s  of P 2  a f t e r  i n t roduc t ion  
of a pheny l  r a d i c a l  into i t s  s t r u c t u r e .  S ince  the  p o s i t i o n  o f  t he  pheny l  r a d i c a l  in the  s t r u c t u r e  of GABA a f fec t ed  
the  a c t i v i t y  of i t s  i s o m e r s  (of t he  a ,  /3, and T d e r i v a t i v e s  the  /3 i s o m e r  - phenibut  - was  found to be the  m o s t  
ac t ive ) ,  the  p h a r m a c o l o g i c a l  p r o p e r t i e s  of the  c o r r e s p o n d i n g  d e r i v a t i v e s  of  P 2 a l s o  w e r e  i nve s t i ga t e d :  3 ( a ) -  
p h e n y l - P 2 ,  4 ( /3 ) -pheny l -P  2, and 5 ( T ) - p h e n y l - P  2. T h e  compounds  w e r e  s y n t h e s i z e d  in t he  D e p a r t m e n t  of O r g a n i c  
C h e m i s t r y ,  A .  I .  G e r t s e n  L e n i n g r a d  P e d a g o g i c  Ins t i t u t e .  

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

N o n i n b r e d  m i c e  and r a t s  of both s e x e s  w e r e  u s e d .  

To  d e t e c t  p h a r m a c o l o g i c a l  a c t i v i t y  wel l  t r i e d  and t e s t e d  me thods  w e r e  u sed .  T h e  e f fec t  on m o t o r  a c t i v i t y  
( locomot ion)  was  a s s e s s e d  by the  n u m b e r  of  t i m e s  t h e  a n i m a l  c r o s s e d  l ines  d r a w n  in the  f o r m  of a c r o s s  on 
the  b l o o r  of  a t r a n s p a r e n t  p l a s t i c  box m e a s u r i n g  20 • 10 • 20 c m  d u r i n g  3 min  of o b s e r v a t i o n ,  and at  the  s a m e  
t i m e  the  n u m b e r  of t i m e s  the  a n i m a l  s tood  up on i ts  hind l i m b s  was counted .  The  ef fec t  on c o o r d i n a t i o n  and 
m u s c l e  tone  was  d e t e r m i n e d  by the  a b i l i t y  of  the  m i c e  to  hold  on to a r o d  r e v o l v i n g  a t  a speed  of 5 r p m  for  5 
ra in .  T h e  body t e m p e r a t u r e  was  m e a s u r e d  r e c t a l l y  by the  Tt~lV[P-60 t h e r m o m e t e r .  The  e f fec t  on the  i n t r a -  
p e r i t o n e a l  a c t i o n  of h e x o b a r b i t a l  (60 m g / k g )  was  a s s e s s e d  by the l a t e n t  p e r i o d  of a c t i on  and the  t i m e  in t he  
l a t e r a l  p o s i t i o n .  A n t i c o n v u l s i v e  a c t i v i t y  was  d e t e r m i n e d  by  t h e  e f fec t  on the  m a x i m a l  e l e c t r o c o n v u l s i v e  s e i z u r e  
(oph tha lmic  e l e c t r o d e s ,  c u r r e n t  50 mA,  d u r a t i o n  of  s t i m u l a t i o n  0.2 sec) ,  the  subcu taneous  a c t i o n  of m e t r a z o l  
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Fig. 1. Effect ofphepyron (1) and 
phenibut (2) on body temperature of 
mice. Compounds injected 30 rain 
before measurement of temperature. 
Abscissa, dose of compound (in rag/ 
kg); ordinate, body temperature (in 
~ 

(90 mg/kg), strychnine (1.5 mg/kg), and thiosemicarbazide (20 mg/kg), and audiogenic convulsions in rats [2]. 
The test substances were injected intraperitoneally 30-60 min before observation. 

The results were subjected to statistical analysis. Values of EDso were determined by the method of 
Litchfield and Wtlcoxon and of LDs0 by Behrens' method [1]. 

EXPERIMENTAL R E S U L T S  

The observations showed that P 2, if injected intraperitoneally into mice in a dose of i000 mg/kg, caused 
no significant changes in motor activity, muscle tone, or body temperature, had no anticonvulsive action, and 
did not potentiate the action of hexobarbital. Data showing the pharmacological activity of phenyl derivatives 
of P 2 are given in Table I; they show that all the isomers of phenyl-P 2 in a dose of 157 mg/kg had an inhibi- 
tory action, which was strongest in the case of 4-phenyl-P 2 (phepyron), which can be regarded as the cyclic 
form of phenibut. 

Comparison of phepyron with phenibut showed both similarities and differences in their action. Both com- 
pounds inhibit motor activity, reduce muscle tone, lower the body temperature, and potentiate the action of 
barbiturates (Table 2). 

In a dose of i00 mg/kg both compounds equally potentiate the action of a narcotic dose of hexobarbital 
(88.9 • 9.4 and 76.8 • 7.5 rain, compared with 47.0 �9 8.5 min in the control). The hypothermic action of phepyron 
was rather stronger than that of phenibut (Fig. i). Neither compound affected the action of amphetamine, oxo- 
tremorine, and arecoline. Inhibition of the motor effects (excitation of locomotion, tremor) of these substances 
was observed only after injection of doses of phepyron and phenibut which increase their EDb0 with respect to 
inhibition of motor activity and muscle tone. 

Besides the similaritfes in the action of phepyron and phenibut or, more precisely, of the phenyl deriva- 
tives of P2 and GABA, differences also were discovered. All phenyl derivatives of P 2 in a dose of 200 mg/kg 
or more caused the mice and rats to lie on their sides, with accompanying muscle relaxation. The state of the 
animals resembled one of narcosis. After intraperitoneal injection of 200 mg/kg of phepyron the mice remained 
on their sides for 10G0 ~ 25.1 and rats for 216.0 • 21.9 rain after latent periods of 2.3 ~= 0.2 and 1.3 + 0.I min 
respectively. This short latent period of its action reflects rapid penetration of phepyron into the brain. Neither 
in this nor in much larger doses did phenibut cause the animals to lie on their sides in a manner characteristic 
of narcosis. The effects of phenibut, incidentally, developed after a much longer latent period. 

Phenyl derivatives of P 2 have anticonvulsive activity (Table I), whereas phenyl derivatives of GABA, even 
in large doses, only prolonged the latent period of action of the convulsant factor and the duration of survival 
of the poisoned animals a little and did not protect them against convulsions or prevent their death [5, 8]. The 
protective action of phepyron was particularly marked against electrical and strychnine convulsions. EDb0 for 
phepyron with respect to suppression of tonic extension of the electroconvulsive fit was 83.0 (55.0-124.0) rag/ 
kg, and of metrazol convulsions 144.0 (124.0-167.0) mg/kg. Phepyron also actively depressed audiogenie con- 
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vulsions in rats  genetically highly sensitive to sound. EDs0 for phepyron with respect  to to~ml suppression of 
clonico-tonic audiogenic convulsions was 35.0 (24.0-49.3) mg/kg whereas EDs0 for phenibut was 300.0 (217.0- 
414.0) rag/kg. 

When phepyron was given in doses of up to 100 mg/kg the period of depression of motor activity was 
preceded by a stage of excitation, characterized by increased but not always coordinated locomotion, without 
any increase in the number of attempts to stand up. Outwardly the animals' behavior resembled that observed 
after small doses of sedatives and narcotics.  Phenibut as a rule does not cause excitation of locomotion. 

Phenyl derivatives o fP  2 are much more toxic than phenyl derivatives of GABA. LDs0 for the former was 
of the order of 300 mg/kg (Table 1) and for the latter 1000 mg/kg and more [6]. 

The results  of comparison of the pharmacological activity of derivatives of GABA and of its cyclic form 
(P 2) thus suggest that it is unlikely that P 2 derivatives are converted in vivo into GA BA derivatives. This hy- 
pothesis is confirmed by the data of Bessman [9], who did not find that GABA was formed from P 2, and of 
Tower [17], who showed that such conversions take place very slowly in vitro. 

When the present  investigation was completed the author learned of a paper by Chojnacka-Wojcik et al 
[10], also devoted to the pharmacology of phenyl derivatives of GABA and P 2. My first  resul ts  on the pharma- 
cology of the phenyl derivatives of P 2 were announced and published in 1971 [7]. 
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