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CORRECTION OF PSYCHODEPRESSANT EFFECTS 

OF BENZODIAZEPINE TRANQUILIZERS BY 

ADMINISTRATION OF PSYCHOENERGTZERS 
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The benzodiazepine t ranqui l izers  are  being increasingly used in clinical pract ice ,  including for the c o r -  
rect ion of neurotic states in clinically healthy subjects.  Besides their marked antineurotic action, these sub- 
stances may induce psychodepressan t  effects,  which r e s t r i c t  their  use in the working population. Together  
with the search  for new benzodiazepines free from the undesirable effects mentioned above, in o rde r  to widen 
the indications for the use of existing preparat ions  the search  can be made for substances cor rec t ing  this 
psychodepressant  action. Such a c o r r e c t o r  must  satisfy the following demands:  it must  abolish the psyehode-  
p ressan t  action of the t ranqui l izer  but must  not introduce modifications into the optimal cha rac t e r  of the thera-  
peutic activity of the t ranqui l izer  as established previously,  and it must  likewise not reduce the tranquilizing 
effect of the cor rec t ing  agent. Correct ing proper t ies  of substances belonging to the amphetamine group have 
been demonst ra ted  previously in relat ion to the psychodepressant  effects of diazepam and phenazepam [4, 101. 
However, the use of amphetamine in clinical pract ice  is undesirable because of the possibil i ty of development 
of addiction to it. The use of sydnocarb as c o r r e c t o r  of the psychodepressant  effects of phenazepam is highly 
effective under experimental  conditions [21. However, indications for the use of this combination are  even 
more  res t r i c ted  than those for phenazepam alone [11. The wri ters  previously demonstra ted the high and opti-  
mal cor rec t ive  activity of substances with p r imar i ly  dopaminomimetic  proper t ies  [4, 61. 

It was accordingly decided to investigate the co r rec t ive  proper t ies  of other c lasses  of compounds which 
possess  elements  of a psychost imulant  action. Pa r t i cu la r  in teres t  was shown in the effect of so-cal led  psycho-  
energ ize r s  on the central  effects of benzodiazepine t ranqui l izers .  The effect of acephen, mefexamide,  euclid-  
ane (nicametate c i t ra te) ,  and actebral  (cyprodenate) on the psychodepressant  action of diazepam and phenaze-  
pare was studied in the investigation descr ibed below. 

EXPERIMENTAL METHOD 

Experiments  were ca r r i ed  out on 54 nonlnbred male albino rats .  The active avoidance method [ 111 was 
used to a s ses s  the psychotropic  effects of the var ious  substances.  Experiments  were ca r r i ed  out in a situation 
and by a p rog ram which were fully descr ibed previously [7]. The charac te r i s t i c s  of the experimental  p rog ram 
were:  the time of discontinuing the painful e lec t r ica l  st imulation after  a single p res su re  on the pedal was 20 
sec, the following frequency of the stimuli was once every  5 sec, and their  duration 1 sec. An alternating cu r -  
rent with frequency of 50 Hz and with the cu r ren t  s trength stabilized at 1 mA i r respec t ive  of the res is tance  of 
the object was used for stimulation. In the course  of the exper iment  the cha rac t e r  of operant  activity was r e -  
corded graphical ly  and the number  of shocks avoided was counted automatically.  During subsequent process ing  
of the data h is tograms of distr ibution of intervals  between p r e s s u r e s  on the pedal of different duration were 
constructed for each animal. Twenty c lasses  were distinguished, each 1 sec in duration. The h is tograms were 
used to descr ibe  the optimality of the cha rac te r  of operant  activity, and the number  of avoided e lec t r ic  shocks 
ref lected its resul ta t iveness  [9].  S t ress -pro tec t ive  activity of the combination of drugs tested was a s se s sed  by 
the same method. Operant activity was tested af ter  the animals had been secure ly  immobil ized for I h. Exper i -  
ments were ca r r i ed  out on previously trained animals which missed  not more  than 60 shocks during an exper i -  
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on psychode-  Fig. 1. Action of euclidane and sydnocarb  
p r e s s a n t  effects  of phenazepam in r a t s  as shown by op-  
e ran t  act iv i ty  tes t  under  act ive e lec t r i c  shock avoidance 
conditions. On left  - in te rva l  h i s tog rams ,  columns on 
r i g h t -  number  of m i s s e d  shocks.  1) Initial operant  ac -  
tivity, 2) a f t e r  inject ion of phenazepam,  1 mg/kg ,  3, 4) 
a f t e r  inject ion of euclidane in doses  of 25 and 50 mg /kg  
respec t ive ly ,  5, 6) a f t e r  injection of phenazepam (1 
mg/kg)  and euclidane in doses  of 25 and 50 mg /kg  r e -  
spect ively ,  7) a f t e r  inject ion of sydnocarb ,  15 mg/kg ,  
8) a f t e r  injection of sydnocarb  (15 mg/kg)  and phenaze-  
pam ( 1 m g / k g ) .  

menta l  s e s s ion  las t ing 60 rain. Groups of t ra ined an imals  were  fo rmed ,  with nine r a t s  in each group.  The fol -  
lowing  p r o g r a m  was under taken on each group:  initial  operan t  act iv i ty  was r eco rded  a f te r  admin is t ra t ion  of 
physiological  sal ine,  act ivi ty  was r eco rded  a f t e r  injection of the c o r r e c t o r  in two doses ,  p a r a m e t e r s  of act ivi ty 
were  again r eco rded  a f t e r  injection of the t es t  t r anqui l i ze r s ,  and again  a f te r  combined admin is t ra t ion  of the po-  
tential  c o r r e c t o r s  in two doses  with the t ranqui l i ze r s .  Act ivi ty  also was r eco rded  a f te r  immobi l i za t ion  (before 
and a f t e r  injection of the var ious  compounds) .  Exper imen t s  on each group were  c a r r i e d  out not m o r e  often 
than once eve ry  3-4 days.  The o r d e r  of p e r f o r m a n c e  of the s teps  in the exper imenta l  p r o g r a m  was random for  
each group.  In the cour se  of the p r o g r a m  the c h a r a c t e r  of act ivi ty  a f t e r  inject ion of physiological  sal ine (con- 
t ro l )  fo r  each group was r eco rded  s e v e r a l  t imes  in o r d e r  to a s s e s s  the poss ib le  effect  of learning.  The action 
of the two potent ia l  c o r r e c t o r s  and of the i r  combinat ions with the benzodiazepines  was inves t igated on the ani-  
ma l s  of one group.  The resu l t s ,  desc r ibed  below, were  obtained during 429 expe r imen ta l  se s s ions .  During ex-  
p e r i m e n t s  in which the c o r r e c t i v e  act ivi ty  of the var ious  p repa ra t ions  was a s s e s s e d  during o rd ina ry  operant  
act ivi ty,  d iazepam and phenazepam were  injected in doses  of 5 and 1 mg /kg  respec t ive ly .  In the doses  spec i -  
fied these drugs  had a m a rked  t ranqui l iz ing effect ,  with mani fes ta t ions  of a hypnotic or  sedat ive  action. During 
evaluation of s t r e s s - p r o t e c t i v e  act ivi ty  of the t e s t  combinat ions phenazepam was given in a dose of 0.5 and 
d iazepam in a dose  of 2 mg/kg .  These doses  a re  opt imal  fo r  exhibition of the s t r e s s - p r o t e c t i v e  action of d iaze-  
pare and phenazepam in this p a r t i c u l a r  tes t  [5]. Acephen, mefexamide ,  euclidane,  and ac t eb ra l  were  injected in 
doses  of 25 and 50 mg/kg .  As the drug for  compar i son ,  sydnocarb  in a dose of 15 mg/kg  was used. All com-  
pounds were  injected in t raper i tonea l ly  60 min before  the expe r imen t  began. 

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

After injection of the test benzodiazepines, under conditions uncomplicated by any emotiogenic procedure, 
characteristic changes were observed in operant activity (Fig. I). The number of "warning" pressures on the 
pedal was substantially reduced (intervals between pressures on the pedal under 20 see). There was a particu- 
larly marked decrease in the number of short (I-2 sec) intervals. The number of "avoiding" pressures (inter- 

vals 20 see or longer in duration) was increased. The number of missed shocks was considerably increased. 
These changes after injection of phenazepam in a dose of I mg/kg and of diazepam in a dose of 5 mg/kg were 
approximately equal in intensity (Fig. I). Combined administration of diazepam and acephen caused a substan- 
tial decrease in the intensity of the psyehodepressant effects of diazepam. The number of intervals I-2 sec in 
duration and the total number of pressures on the pedal increased, whereas the number of missed shocks and 

!367 



TABLE 1. Effect  of Acephen,  Eucl idane,  and 

Sydnocarb  on S t r e s s - P r o t e c t i v e  Effect  of Di-  
a zepam and Phenazepam (M • m) 

Number of 
Pharmacological intervals 1-2 

conditions sec in dura- 
tion 

Number of 
intervals 20 
sec in dura- 

tion 

Number of 
missed shocks 

Control without 
immobilization 

Control with 
immobilization 

Diazepam (2) 
Phenazepam (0.5) 
Acephen (25) + 

diazepam (2) 
Acephen (50) + 

diazepam (2) 
Euclidane (25) + 

diazepam (~) 
Euclidane (50) + 

diazepar 0 (2) 
Acephen (25) + 

phenazepam (0.5) 
Acephen (50). + 

phenazepam (0.5) 
Euclidane (25) + 

phenazepam (0.5) 
Euclidane (50) + 

phenazepam (0.5) 
Sydnocarb (15) + 

phenazepam (0.5) 

684- 7 

204- 3 
62• 5 
654-5 
724- 5 

784- 6 

68_+ 4 

72-4-6 

77--6 

804-7 

714-6 

774-4* 

160• 

31.+3 

514-4 
24• 5 
294- 6 
264-4 

24-4-4 

294-2 

244-3 

314-5 

224-1 

244-6 

254-9 

154-4 

53~ I0 

148• 
93_+ I 1 
97• l 0 
824- 9 

75-t- 6 

834- 4 

774- 6 

864- 9 

714-9 

804- 6 

744- 7 

62=t= 7 

Legend. *P  < 0.05 c o m p a r e d  
without immobi l iza t ion ;  dose  
kg) shown in p a r e n t h e s e s .  

with in i t i a l  da ta  
of drug (in m g /  

the number  of i n t e rva l s  20 see  in dura t ion  d e c r e a s e d ,  the f o r m e r  to i ts  in i t i a l  l eve l .  This  effect  of aeephen was 
more  m a r k e d  when it  was given in a dose  of 50 mg/kg .  In the doses  s tudied,  acephen a lso  reduced  the in tens i ty  
of the p s y c h o d e p r e s s a n t  effects  of phenazepam.  

Af te r  in jec t ion  of acephen alone,  changes in operan t  ac t iv i ty  c h a r a c t e r i s t i c  of drugs  with ac t iv i ty  of s t i m -  
ulat ing type was obse rved :  an i n c r e a s e  in the number  of sho r t  i n t e rva l s  and in the total  number  of p r e s s u r e s  on 
the pedal ,  a d e c r e a s e  in the number  of m i s s e d  shocks  and of i n t e rva l s  20 sec  in durat ion.  This  ac t ion  was seen 
more  c l e a r l y  when acephen was given in a dose  of 50 mg/kg .  

Mefexamide,  within the dose range  t es ted ,  a l so  reduced  the p s y c h o d e p r e s s a n t  effects  of d i azepam and 
phenazepam.  Inject ion of mefexamide  alone (p ropor t iona l ly  to the dose)  had the c h a r a c t e r i s t i c  ef fec t  of acephen 
on ope ran t  ac t iv i ty .  Compared  with acephen,  mefexamide  in a dose  of 50 m g / k g  caused  a l e s s  m a r k e d  i n c r e a s e  
in the number  of sho r t  (1-2 sec)  i n t e rva l s  and a g r e a t e r  i n c r e a s e  in the total  number  of p r e s s u r e s  on the pedal .  
Eucl idane,  when given toge the r  with d i azepam and phenazepam (Fig.  1), a l so  op t imized  ope ran t  ac t iv i ty  when 
d i s tu rbed  as a r e s u l t  of a d m i n i s t r a t i o n  of the t r a n q u i l i z e r s .  However,  a f t e r  in jec t ion  of eucl idane  in doses  of 
25 and 50 m g / k g  toge ther  with t r a n q u i l i z e r s ,  the number  of shor t  i n t e rva l s  i n c r e a s e d  c ons i de r a b l y  compared  
with the cont ro l .  The use of eucl idane alone led to an i n c r e a s e  in the number  of sho r t  i n t e r v a l s  c o m p a r e d  with 
the o r ig ina l  leve l  by 3 t imes  o r  more .  The to ta l  number  of p r e s s u r e s  on the pedal  i n c r e a s e d  only a l i t t le ,  
whereas  the number  of m i s s e d  shocks was cons i de r a b l y  l e s s  than in the background pe r iod  (Fig.  1). A e t e b r a l ,  
within the dose range tes ted ,  had v i r t ua l ly  no effect  on the in tens i ty  of the p s y c h o d e p r e s s a n t  effects  of d i azepam 
and phenazepam,  accord ing  to the t es t  used.  Af te r  in jec t ion  of sydnoca rb  the re  was a m a r k e d  (by 16-17 t imes )  
i n c r e a s e  in the number  of sho r t  i n t e rva l s ,  an i n c r e a s e  in the number  of p r e s s u r e s  on the pedal ,  and a statis- 
tically s igni f icant  d e c r e a s e  in the number  of m i s s e d  shocks.  In the dose tes ted ,  sydnocarb  Mso c o r r e c t e d  the 
p s y c h o d e p r e s s a n t  effects  of the t r a n q u i l i z e r s .  However,  the c h a r a c t e r  of ope ran t  ac t iv i ty  a f t e r  in jec t ion  of 
sydnoca rb  toge ther  with the t e s t  t r a n q u i l i z e r s  d i f fe red  s ign i f ican t ly  f rom i t s  in i t i a l  c h a r a c t e r ,  chief ly with r e -  
spee t  to the number  of sho r t  i n t e rva l s  (Fig.  1). 

Immobi l i za t ion  of the an ima l s  for  1 h led to s ign i f ican t  changes in the c h a r a c t e r  and r e s u l t a t i v e n e s s  of the 
ope ran t  ac t iv i ty  (Table 1). The re  was a cons id e r a b l e  ( threefold)  i n c r e a s e  in the number  of m i s s e d  shocks and 
a l so  in the number  of i n t e r v a l s  20 sec  in dura t ion  ( " a v o i d i n g "  p r e s s u r e s ) .  The number  of sho r t  i n t e r v a l s  b e -  
tween p r e s s u r e s  on the pedal  was reduced  c o m p a r e d  with the i r  number  in the an ima l s  under  o r d i n a r y  condit ions 
by more  than two- th i rds .  D iazepam and phenazepam (Table 1) in s m a l l  doses  (2 and 0.5 m g / k g  r e s p e c t i v e l y )  
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normal i zed  operan t  ac t iv i ty  when dis turbed because  of the action of emot iogenic  fac to rs .  Injection of thepsycho--  
e n e r g i z e r s  in doses  of 25 and 50 m g / k g  p r e s e r v e d  the normal iz ing  action of these t r anqu i l i ze r s  on the c h a r -  
a c t e r  of the an ima l s '  operan t  act ivi ty a f t e r  immobi l iza t ion.  The bas ic  p a r a m e t e r s  of operan t  act ivi ty under  
these c i r c u m s t a n c e s  did not d i f fer  s ignif icant ly  f rom the i r  co r responding  values for  groups  of an imals  not i m -  
mobil ized.  The except ions  were resu l t s  obtained with an imals  rece iv ing  mefexamide  (50 mg/kg)  and d iazepam 
(2 mg/kg)  and also euclidane (50 mg/kg)  and phenazepam (0.5 mg/kg)  a f t e r  immobi l iza t ion.  In those cases  the 
c h a r a c t e r  of operan t  act ivi ty  d i f fered  f rom the initial f o rm in the l a r g e r  number  of shor t  (1-2 sec)  in te rva l s  
between p r e s s u r e s  on the pedal,  which was obse rved  also when mefexamide  or  euelidane was given alone. 
S imi la r  changes in the c h a r a c t e r  of this type of operan t  act ivi ty  were obse rved  as a r e su l t  of combined admin-  
i s t ra t ion  of d iazepam with sydnocarb  [4]. Sydnocarb,  if injected together  with phenazepam,  had a s i m i l a r  action 
under  these conditions (Table 1). 

Tile r esu l t s  thus indicate that acephen,  mefexamide ,  and euclidane,  if admin i s t e red  together  with d iaze -  
pare and phenazepam,  a r e  able to c o r r e c t  the psychodepres san t  effects  of these t r anqu i l i ze r s ,  namely  lowering 
of the quali ty and changes in the c h a r a c t e r  of a complex fo rm of behav ior  studied, m o r e  opt imal ly  than sydno-  
carb .  The s t r e s s - p r o t e c t i v e  p rope r t i e s  of the t r anqu i l i ze r s  t hemse lves  a re  unaffected. A etebral ,  within the 
dose range  tested,  proved to be ineffective as a c o r r e c t o r  of the p syehodep re s san t  effects  of d iazepam and 
phenazepam.  

The mechan i sm of the c o r r e c t i v e  effect  of subs tances  with a psychos t imulan t  type of act ion tes ted p r e v i -  
ously (amphetamine,  me tamphe tamine ,  and sydnoearb)  is a s soc ia ted  with the i r  act ivat ing effect  on cent ra l  
dopaminerg ic  and no rad rene rg ic  media to r  s y s t e m s  [4, 6, 10]. The p sychoene rg i ze r s  have no effect  on ca t e -  
cholamine me tabo l i sm and have nei ther  a d r e n o m i m e t i e n o r  adrenosens i t i z ing  p rope r t i e s .  The mechan i sm of 
the i r  psychos t imulan t  action is probably  connected with changes in me tabo l i sm of cent ra l  neurons,  for  with the 
exception of aetebral ,  these  compounds definitely inc reased  physica l  endurance and r e s i s t ance  to var ious  ex-  
t r ema l  fac tors  [21. 

The use of subs tances  increas ing  the supply of ene rgy  for  act ivi ty of nerve  cel ls  may thus be another  
poss ib le  pha rmaco log ica l  method of co r r ec t ing  the p syehodcpres san t  effects  of t r anqu i l i ze r s  of the benzodiaze-  
pine s e r i e s .  
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