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The  a c t i o n  of d r u g s  of the b e n z o d i a z e p i n e  s e r i e s  is  connec t ed  with  d i f f e r e n t  n e u r o m e d i a t o r  s y s t e m s  of 
the b r a i n .  In p a r t i c u l a r ,  b e n z o d i a z e p i n e s ,  a f t e r  a d m i n i s t r a t i o n  of a s i ng l e  d o s e ,  a r e  known to po t en t i a t e  the in-  
h i b i t o r y  a c t i o n  of endogenous  GABA [2, 7], t hey  a r e  ab l e  to m o d i f y  s e r o t o n i n  m e t a b o l i s m  [15], t hey  r e d u c e  the 
c i r c u l a t i o n  of n o r a d r e n a l i n  and d o p a m i n e  [11], and they  b l o c k  the i n c r e a s e  in n o r a d r e n a l i n  t u r n o v e r  c a u s e d  by  
s t r e s s  [6]. M e t a b o l i s m  of the n e u r o m e d i a t o r s  d u r i n g  p r o l o n g e d  a d m i n i s t r a t i o n  of b e n z o d i a z e p i n e s  has  r e c e i v e d  
m u c h  l e s s  s tudy  and the r e s u l t s  so  f a r  o b t a i n e d  a r e  c o n t r a d i c t o r y .  F o r  i n s t a n c e ,  a f t e r  l o n g - t e r m  a d m i n i s t r a t i o n  
of  d i a z e p a m  to r a t s  s o m e  w o r k e r s  [3, 13] o b s e r v e d  i n c r e a s e d  t r y p t o p h a n  h y d r o x y l a s e  a c t i v i t y ,  i n t e n s i f i c a t i o n  
of  s e r o t o n i n  m e t a b o l i s m ,  and a r e d u c t i o n  in the  t u r n o v e r  and i n c r e a s e  in the  c o n c e n t r a t i o n  of n o r a d r e n a l i n  and 
d o p a m i n e ,  w h e r e a s  o t h e r  i n v e s t i g a t o r s  [14] found no change  in the  c o n c e n t r a t i o n  of t h e s e  m e d i a t o r s .  The d y -  
n a m i c s  of c h a n g e s  in the  func t ions  of the  G A B A - e r g i c  s y s t e m  d u r i n g  l o n g - t e r m  a d m i n i s t r a t i o n  of the  b e n z o d i -  
a z e p i n e s  and a f t e r  t h e i r  w i t h d r a w a l  l i k e w i s e  has  not ye t  been  e x p l a i n e d .  

T A B L E  1. E f f e c t  of D r u g s  on " l~ebound n Syn-  
d r o m e  o b s e r v e d  24 h a f t e r  C e s s a t i o n  of Long-  
T e r m  A d m i n i s t r a t i o n  of P h e n a z e p a m  (2 m g / k g  
d a i l y  fo r  30 days )  

Drug 

Interval 
Dose, between Duration of maze 
im,~ m~ladminis-~ I reflex, see 
, e~'5ttration ott 

drugs and I 
experi- 
ment 

Suspension of Tween- 
80 

Phenazepam 
n-dipropyl acetate 
a -metliyldopa 
5-hydroxytryptophan 
3,4-dopa - 
Thiosemicarbazide 
Disulfiram 
Phenazepam + bicucul- 

line 
Phenazepam + thio- 

semicarbazide 
I 

- -  30 min 

2 30min 
200 1 h 
200 24 h 
100 4 h 
20~ 30min 

20min 
230 20 h 

2 30min 
1 lOmin 
2 30min 
4 50min 

104,2 (96,1.1i2,3) --  
I'rebound" syndrome 

2,4 (1,6.'3,2) 
45,3 (37,1--53,5) 
62,9 (50,3--75,5) 
93,7 (81,6.105 8) 

>12o 
>120 

101,8 (89,9.113,7) 
79,3 (54,2.94,1) 

90,0 (71,1.108,9) 

Control (administra- 
tion of suspension of I 
Tween-80 for 30 days) t - -  30 rain 3,6 (2 ,9 .4 ,3)  

Phenazepam (single 
dose) 2 30min 16,3 (9,2-23,4) 

L a b o r a t o r y  of P h a r m a c o l o g y  of the N e r v o u s  S y s t e m ,  In s t i t u t e  of P h a r m a c o l o g y ,  A c a d e m y  of M e d i c a l  
S c i e n c e s  of the USSR, M o s c o w .  ( P r e s e n t e d  by  A c a d e m i c i a n  of the A c a d e m y  of M e d i c a l  S c i e n c e s  of the  USSR 
V. V. Zakusov . )  T r a n s l a t e d  f r o m  B y u l l e t e n '  ] ~ k s p e r i m e n t a l ' n o i  B i o l o g i i  i M e d i t s i n y ,  Vol .  89, No.  7, pp. 41-43,  
Ju ly ,  1980. O r i g i n a l  a r t i o l e  s u b m i t t e d  D e c e m b e r  19~ 1979. 
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TABLE 2. Changes in Thresholds  of Aggre s -  
s iveness of Rats during L o n g - T e r m  Adminis t ra -  
tion of Phenazepam (2 mg/kg) and after Its 
Withdrawal 

o.~ ~ Threshold of 
Drug ~ ~ "~ aggressiveness, 

~E n pA 

Control 

Control 

Phenazepam I 
Phenazepam 
Depakine (300 mg/kg) 
48 h after withdrawal of 
phenazeparn i 

Depakine (300 m~/kg).48 h i 
atter withdrawal" of phenaze- 
pare 

1 0,88 (0 ,71 -1 ,05 )  

40 1,0 (0,83.1,17) 

[ 2,18 (1,78.2,58) 
4~ 0,98 (0,81.1,07) 

1,2 (1,12-- 1,32) 

40 0,29 (0,24.0,34) 

40 1,3 (1 02--1,58) 

The object of the present  investigation was a neuropharmaeological  analysis  of the mechanisms of devel- 
opment of the "withdrawal" ("ricochet") syndrome during long- te rm administrat ion of the new benzodiazepine 
drug phenazepam, in an attempt to elucidate the role of the various media tor  sys tems  inthe formation of this 
phenomenon. 

EXPERIMENTAL METHOD 

Exper iments  were car r ied  out on male albino rats  weighing 150-220 g. Tolerance and the manifestat ions 
of the "withdrawal" syndrome were a s sessed  by relat ion to dis turbance of the an imal ' s  condit ioned-reflex act iv-  
ity and the ant iaggress ive  action. A conditioned maze reflex with positive re inforcement  (water) was f i r s t  
formed in the ra ts  in a T-shaped maze,  after which the same animals were given phenazepam (2 mg /kg  daily, 
intraperitoneally) for  30 days. During the period of adminis t rat ion of phenazepam, the co r rec tnes s  and speed 
of per formance  of the reflex by the ra ts  continued to be tested daily. The ant iaggress ive  action was assessed  
f rom the change in the thresholds of aggress iveness  (in# A}. determined by counting the number of fights devel-  
oping between pairs  of ra ts  receiving a painful e lec t r ic  shock of gradually increasing strength through the e lec-  
t rode  floor.  The appearance of a "withdrawal" syndrome was recorded  24 and 48 h after  withdrawal of the 
drugs .  Substances affecting synthesis  and conversion of different neuromediators  were injected against the 
background of a developed "withdrawal" syndrome in doses producing optimal changes in the mediator  concen- 
trat ion of the brain.  

EXPERIMENTAL RESULTS 

Phenazepam (2 mg/kg) ,  given in a single dose, had a distinct ant iaggress ive  effect and depressed  the 
p e r f o r m a n c e o f t h e  conditioned maze ref lexes.  After  long- te rm (30 days) adminis t rat ion of phenazepam the 
animals became accustomed to it, their  activity was reduced,  but withdrawal of the drug led to the development 
of a "rebound" ("ricochet")  syndrome,  charac te r ized  by r e v e r s a l  of the ant iaggress ive  and sedative effects of 
the drug (Tables 1 and 2). A state of general ized inhibition was observed in the animals 24 or  48 h after  the 
last  dose of phenazepam, the adequacy of their  response  to tes t  st imuli  and the per formance  of the conditioned 
reflex, were disturbed (the maze t rans i t  time was increased 20-fold). When placed in the maze  the ani- 
mal assumed strained posture,  squeaked, and developed tachyeardia  and tachypnea. At the same time, the 
thresholds  of the r a t s '  aggress ive  response  were sharply reduced (below control  values), and 80% of the ani- 
mals  showed the appearance of spontaneous aggress iveness .  Injection of phenazepam into the abstinent animals 
completely abolished the motor  and emotional manifestat ions of the "r icochet"  syndrome (Table 1). 

During analysis  of the role of GABA-ergie mediation in the development of the "rebound" syndrome 
ar is ing out of withdrawal of phenazepam the following test  substances  were used: Depakine (the calcium salt 
of dipropylacet ic  acid), a GABA agonist,  ra is ing its concentration in the brain [10], th iosemicarbazide ,  an in- 
hibitor of GABA synthesis  [9], and bicuculline, a drug blocking GABA-ergic r ecep to r s  [8]. It has been shown 
that Depakine abolishes behavioral  dis turbances  due to cessat ion of long- term administrat ion of phenazepam. 

909 



In mos t  an imals  (60%)tmderthe influence of Depakine the s tuporose  s tate  d i sappeared ,  pe r fo rmance  of the con- 
ditioned re f lex  was r e s to r ed ,  the spontaneous aggress ion  was abolished, and the normal  thresholds  of the ag-  
g r e s s ive  r e sponse  were  r e s t o r e d .  I m p r o v e m e n t  of passage  through the maze  was not connected with the s t im-  
ulant effect ,  for  in the dose used Depakine had no significant  effect  on the p e r f o r m a n c e  of the re f lex  by control  
an imals .  By con t ras t  to this ,  GABA-negat ive  subs tances  such as th iosemica rbaz ide  and bicueull ine aggrava ted  
the mani fes ta t ions  of the "withdrawal"  syndrome  and prevented  the action of phenazepam on the " r i coche t"  syn-  
d rome  (Table 1). 

The serotonin  p r e c u r s o r  5-hydroxyt ryptophan caused no signif icant  change in the picture  of the " r icochet"  
syndrome a r i s ing  a f t e r  cessa t ion  of l o n g - t e r m  adminis t ra t ion  of phenazepam.  Adminis t ra t ion  of a -me th y ld o p a ,  
which inhibits ea techolamine  synthes is  through inhibition of dopa -deca rboxy la se  [1], abolished to a la rge  degree  
mani fes ta t ions  of the "withdrawal"  syndrome and, like phenazepam and Depakine,  r e s t o r e d  the dis turbed equilib- 
r ium.  However,  the effect  of a - m e t h y l d o p a  was somewhat  weaker  than that of the GABA-posi t ive drug 3, 4-di-  
hydroxyphenylalanine (dopa) which, as  the p r e c u r s o r  of dopamine and noradrena l in ,  i nc rea se s  the concent ra -  
tion of the ca techo lamines  in the bra in  and aggrava te s  the "rebound" syndrome assoc ia ted  with withdrawal of 
phenazepam.  Disu l f i r am,  a powerful  inhibitor of dopamine-hydroxy lase ,  which reduces  or  slightly modif ies  
the noradrenal in  l eve l  and r a i s e s  the dopamine level  in the bra in  [12], a lso  had a s i m i l a r  effect  on this syndrome.  

The r e su l t s  thus sugges t  a role  for  GABA-ergic  and dopaminerg ic  m e c h a n i s m s  in the development  of 
to le rance  and of the "withdrawal"  syndrome a f te r  l o n g - t e r m  admin is t ra t ion  of benzodiazepine.  Abolition of the 
mani fes ta t ions  of the "withdrawal"  syndrome a f te r  admin is t ra t ion  of a d rug  potentiat ing the inhibitory action 
of endogenous GABA and, converse ly ,  the aggravat ion of this syndrome by GABA-negative drugs ,  were  shown 
to be a r egu l a r  fea tu re .  Abolit ion of the syndrome also was observed  when the bra in  dopamine level  was low- 
e red ,  and to a l e s s e r  degree ,  when its noradrenal in  level  was lowered,  whereas  an inc rease  in the dopamine 
cot~centration intensified the " r icochet"  syndrome.  It can be concluded f rom these r e su l t s  and f rom informa-  
tion that dur ing l o n g - t e r m  adminis t ra t ion  of benzodiazepines ,  dopamine and noradrenal in  accumula te  in d i f fe r -  
ent reg ions  of the ra t  bra in ,  and the levels  of the metabol i t es  4 -hydroxy-2-methoxyphenylg lyco l  and homovani l -  
lic acid fal l  [13], that a f t e r  discontinuation of l o n g - t e r m  adminis t ra t ion  of beneodiazepines  compensa to ry  mech -  
a n i s m s  a re  brought  into action which cause  an inc rease  in the d i s p e r s a l  o r  a d i s turbance  of the r e a d m i s s i o n  of 
monoam ines. 

Considering the positive effect of the GABA-positive drug on the "rebound ~ syndrome, and data in the 
literature indicating the effect of GABA on dopaminergic mediation [4, 5], the GABA-ergic and dopaminergie 
mechanisms can be assumed to be interlinked .in the realization of the "rebound" syndrome after the cessation 

of long-term administration of benzodiazepines. 

Fromthe practical point of view the results enable Depakine to be recommended as a promising drug for 

abolishing manifestations of the ~rebound" syndrome arising in patients when drugs of the benzodiazepine series 

are withdrawn after long-term administration. 
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