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The re la t ionship  between min imal  effect ive doses  of pseudoclonic and clonico-tonic  con- 
Vulsions (DPCC, DCTC) and a lso  of tonic extension (DTE), evoked by  in t ravenous  in jec -  
tion of m e t r a z o l  into mice  and the effect  of the ant iconvulsant  action of su lazepam and i ts  
metabol i t es  (diazepam,  desmethy ld iazepam,  and oxazepam) were  invest igated.  All the 
compounds tes ted  were  shown to i nc r ea se  the values  of the min imal  effect ive doses  based  
on r eco rded  indices  of the se izure ,  and ant iconvulsant  act ivi ty reached  a max imum 15 min 
a f t e r  injection of desmethy ld iazepam,  15-30 min af ter  injection of su lazepam and oxazepam,  
and 5-30 min a f t e r  inject ion of d iazepam.  Clea r  co r re l a t ion  was es tab l i shed  between the 
min ima l  effect ive  doses  of the r eco rded  indices of the s e i zu re  in the an imals  of the control  
group and it continued a f t e r  inject ion of the drugs.  It is postulated that  su lazepam and i ts  
metabol i t es  i n c r e a s e  the min imal  effect ive doses  of me t r azo l  for  the r eco rded  effect  but do 
not change the gene ra l  pa t t e rn  of the s e i zu re  and do not affect  d i spe r s ion  of the d o s e - e f f e c t  
cu rves  of me t razo l .  
KEY WORDS: su lazepam;  metabo l i t e s  of su lazepam;  m e t r a z o l  se izures ;  r e g r e s s i o n  equations.  

A single injection of smal l  doses  of compounds of the 1,4-benzdiazepine s e r i e s  abol ishes  all components  
of the s e i zu re  evoked by m e t r a z o l e  (pseudoclonic convulsions,  c lonico-tonic  convulsions,  and clonic extension).  
The i r  abili ty to p reven t  the development  of c lonico- tonic  convulsions is of g r ea t  in te res t  because  some  w o r k e r s  
[9, 10] cons ider  that  this component  co r r e sponds  to the pet i t  mal  se izure  in man. In addition, the an t imet razo l  
effect  is r ega rded  as an indicator  re f lec t ing  the psychosedat ive  action of d rugs  [5, 8]. 

The object  of this invest igat ion was to co mpa re  the ro le  of su lazepam and its metabol i tes  in the f o r m a -  
tion of the se i zu re  induced in mice  by admin is t ra t ion  of me t razo l .  

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

The w r i t e r s  showed p rev ious ly  that  su lazepam ( 7 - c h l o r o - l - m e t h y l - 5 - p h e n y l - l , 3 - d i h y d r o - 3 H - 1 , 4 - b e n z -  
d iazepine-2- th ione)  in vivo in exper imen ta l  an imals  undergoes  enzymic  desulfonation, demethylat ion,  and 3C- 
hydroxylat ion [3, 4], with the fo rma t ion  of bas ic  metabol i tes :  d iazepam,  desmethy ld iazepam,  and oxazepam.  
These  compounds were  synthes ized in the w r i t e r s '  l abora to ry  and used for  the p r e sen t  invest igat ions .  

Exper imen t s  were  c a r r i e d  out on 266 male  CBA mice  weighing 18-22 g. The antmals  we re  given an 
in t raper i tonea l  inject ion of su lazepam,  d iazepam,  desmethy ld iazepam,  and oxazepam (5 mg/kg)  as an aqueous 
emuls ion  with Tween-80.  Control  an imals  r ece ived  the emuls ion  only. Minimal doses  causing pseudoclonic 
convulsions (DPCC), c lonico- tonic  convuls ions (DCTC), and clonic extension (DTE) in r e sponse  to injection 
of 1% m e t r a z o l  solution into the mice  at the ra te  of 0.01 m l / m i n  were  es tabl i shed 5, 15, 30, 120, and 240 min 
a f t e r  inject ion of the t e s t  compounds.  

The pa i r ed  dose values  were  subjected to s ta t i s t i ca l  analys is  [7]. 
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Fig. 1. Effect  (in probi ts)  as a function 
of dose of m e t r a z o l  for  group of control  
animals:  D DPCC; ID DCTC; l'if) DTE. 
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Fig. 2. Cor re la t ion  between DCTC and DPCC. Points  show values  of single ex-  
p e r i m e n t s  in control  s e r i e s ,  c i r c l e s  show mean  values  of minimal  effect ive doses  
a f t e r  injection of su lazepam and i ts  metabol i tes ,  broken l ines r e p r e s e n t  confidence 
l imi t s  of r e g r e s s i o n  line. 

Fig. 3. Cor re la t ion  between DTE and DCTC. Legend as in Fig. 2. 

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

Invest igat ion of the d is t r ibut ion of the min imal  effect ive doses  in the control  an imals  showed (Fig. 1) that  
the exper imen ta l  data  obey (P < 0.01) the l inear  re la t ionship  between effect  and logar i thm of dose c l a s s i ca l ly  
obse rved  in pha rmaco logy  [6]: 

E = a  log D +b, (1) 

where  E is  the effect  in p rob i t s  and D the dose of the biological ly act ive substance.  Corresponding r e g r e s s i o n  
equations for  the recorded  indices of the se izure ,  found by the method of l ea s t  squa res  [7], had the following 
fo rm:  

E=13.64 Ig. DPCC ~ 20.2~ 
E=13.56 Ig DCTC ~ 21.4, 

E=13.58 Ig DTE --22.5,  

(2) 
(3) 
(4) 

s 



TABLE 1. Changes in Minimal Values of DPCC, DCTC, and DTE with T ime  a f te r  In jec-  
t ion of Sulazepam and its  Metaboli tes  into Animals  in a Dose of 5 m g / k g  (NI �9 m) 

Drug 

Control 

Sulazepam 

Diazepam 

Desmethyldiazepam 

Oxazepam 

Number 
of 

animals 

29 

15 
14 
13 
14 
12 

14 
t3 
13 
14 

Time, 
rain 

5 
15 
30 

120 
240 

5 
15 
30 

120 

DPCC 

71,57~2,63 

85,61-+ 2,43 
103,91-----4,49 
110,83-+ 4,80 
89,1924,44 
90,81-+3,47 

110,84~ 3,11 
113,99-- 4,57 
1 t6,8-+5,1 
91,7123,07 

DCTC 

87,83----- 3, t 4 

107,91~2,81 
131,99-+6,88 
129,49-+ 5,40 
109,3923,91 
109,57-'- 4,06 

139,82~4,5 
149,4528,06 
148,46-+ 5,8 
115,79--3,19 

13 
13 
I0 
I0 
17 

t5 
12 
11 
14 

it 
3O 

120 
240 

30 
120 

10t,53~3,13 
141,35-+ 6,9 
108,534-4,6 
108,11-+ 3,85 
86,01-+2,36 

88,87-~3,76 
111,53-+ 5,96 
122,34~6,84 
97,12~4,67 

134,74-+5~51 
176,55 ~- 8,52 
134,72-+4,8 
t31,39--3,99 
104,65-+ 3,73 

120,75-+4,9 
142.73-+ 5,07 
153,63-+5,72 
/ 27, 24-+ 5,68 

DTE 

107,05-+ 3,48 

142,72-----4,37 
169,13-----9,34 
164,71-- 5,64 
135,40-+6,14 
139,69-+--- 7,2 

193,43-+- 5,33 
198,43-+---9,81 
193,64-- 6,36 

144,67-+--- 3.86 

183,76----- 10,33 
235,88= 11,96 
181,70----- 5,95 
163,09-+ 5,39 
113,09-+3,06 

164,93------8,48 
223,84----- 12,8 
197,95 ~ 9,73 

159,9-*- 6,02 

In the compara t ive  study of expe r imen ta l  data  in pharmaco logy  an essen t ia l  p a r t  is played by the e s t ab l i sh -  
ment  of p a r a l l e l i s m  between the s t r a igh t  l ines  of dose ve r su s  effect  when compar ing  doses  producing the 
effect  in 50% of objects  tes ted  (EDs0). In this invest igat ion the re  was no need to use  the method of probi t  an-  
a lys i s  [2] o r  to c o m p a r e  the cor responding  r e g r e s s i o n  coeff ic ients  [1] fo r  this purpose ,  fo r  it  follows f r o m  
equation (1) tha t the  logar i thms  o f t h e m i n i m a l  effect ive doses  producing the r eco rded  ef fec ts  obeyed the law 
of the no rma l  dis tr ibut ion.  In that  case  ED~0 coincided with the  geomet r i c  mean of the population and its value 
was 70.4 (66.8-74.2) mg /kg  fo r  DPCC, 86.6 {82.1-91.3) mg /kg  for  DCTC, and 105.5 (100.6-111.0) mg /kg  for  
DTE. 

Both in  the c o n t r o l  and a f t e r  i n j e c t i o n  of s u l a z e p a m  and i t s  me t a bo l i t e s  the va lues  of the a r i t h m e t i c  
m e a n s  of the popu la t ions  of m i n i m a l  r e c o r d e d  doses  were  not  s i gn i f i can t ly  h igher  {P >0 .05) than  those  of the c o r r e -  
sponding g e o m e t r i c  m e a n s .  It fo l lows f r o m  the va lues  of the conf idence  l i m i t s  fo r  t hese  ef fec t ive  doses  tha t  
the va lues  of the f r ee  t e r m s  of the r e g r e s s i o n  equa t ions  (2) and (3), and (3) and (4), d i f fe red  s ign i f i can t ly  
(P < 0.05). 

F i s h e r ' s  c r i t e r ion  [7] can  s e r v e  to re f lec t  (P < 0.05) the absence of d i f fe rences  between the slope of the 
dose -e f f ec t  l ines,  for  the d i spe r s ions  of dis t r ibut ion of the logar i thms  of the min imal  effect ive doses  re f lec t s  
not only the range,  but also the specif ic  pa t t e rn  of the i r  distr ibution.  No significant d i f fe rences  (P > 0.05) we re  
found fo r  the d i spe r s ions  of logar i thms  of the doses  of the r e co rded  effects .  Consequently,  the coeff icients  for  
equations (1), (2), and (3) did not differ  significantly.  Fu r the r  invest igat ions showed that  the values  of DPCC, 
DCTC, and DTE in the individual expe r imen t s  (paired values) in the an imals  of the control  group co r r e l a t ed  
s t rongly  (P < 0.01). The coeff ic ients  of co r re l a t ion  were  0.95 for  DPCC and DCTC, 0.83 for  DTE and DPCC, 
and 0.92 for  DTE and DCTC. 

The re la t ionship  between the r eco rded  components  of the se izure  can be e x p r e s s e d  as follows: 

Ig DPCC =0.867 lg D T E -  0.097, (5) 

lg DCTC =0.976 lg DTE --0 .061,  (6) 

lg DPCC =1.000 lg D C T C -  0.032. (7) 

Since these  equa t ions  r e p r e s e n t  l i n e a r  func t ions  in  a l o g a r i t h m i c  s y s t e m  of c o o r d i n a t e s ,  d i s p e r s i o n s  of 
l o g a r i t h m s  of the doses  for  the c o r r e s p o n d i n g  effects  (Fig. 2 and 3) w e r e  u sed  to ca l cu l a t e  the c o n f i d e n c e  
l i m i t s  for  the r e g r e s s i o n :  
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ADPCC = +log 16.11 and ADTE = +log 22.55 fo r  equation (5), 
ADCTC = �9 log 13.7 and ADTE = ~log 15.4 fo r  equation (6), 
A DPCC = �9 log 8.66 and ADCTC =~= log 10.79 for  equation (7). 

Adminis t ra t ion  of su lazepam and its  metabol i tes  to the exper imenta l  an imals  led to a rapid  r i s e  inDPCC,  
DCTC, and DTE. Fo r  instance,  15 min a f te r  the i r  injection, all  the p repa ra t ions  tes ted  had a significant  (P < 
0.01} ant iconvulsant  act ion (Table 1). 

The ant iconvulsant  act ivi ty,  with r e s p e c t  to all indices recorded ,  reached  a max imum (Table 1) for  su la -  
zepam and oxazepam between 15 and 30 rain, for  desmethy ld iazepam af ter  15 min, and for  d iazepam 5 and 30 
min. A fu r the r  i nc rea se  in the durat ion of the exper imen t  led to a reduct ion in the effect.  Only r eco rded  in-  
dices  exceeding the co r respond ing  control  values  with a s ignif icance of P < 0.01 a re  cons idered  (and given in 
Table  1) in this paper .  

Compar i son  of the ant iconvulsant  action of the compounds revea led  the following fact:  Desmethy ld iazepam 
had the s t ronges t  ant iconvulsant  activity,  su lazepam had weakes t  ant iconvulsant  activity,  and diazepam and 
oxazepam occupied an in te rmedia te  posit ion for  abili ty to i nc r ea se  min imal  effect ive doses  of me t r azo l  (Table 1). 

Compar i son  of the min imal  effect ive doses  of the recorded  components  of the se izure  in an imals  of the 
control  group with the values  of the cor responding  effects  fo rmed  af ter  adminis t ra t ion  of su lazepam and its  
metabol i tes  to the an imals  shows that  the values of DPCC, DCTC, and DTE in the l a t t e r  were  higher ,  but the 
genera l  s t ruc tu re  of the convulsions was the same  (compare  Figs.  2 and 3). The confidence l imits  of the c o r -  
responding r e g r e s s i o n  equations for  the values  of DPCC, DCTC, and DTE (compare  Figs.  2 and 3) obtained 
a f te r  inject ion of su lazepam and its metabol i tes  at all t imes  of the invest igat ion were  n e v e r  t r a n s g r e s s e d .  

No significant  d i f fe rences  l ikewise were  found in the d i spe r s ions  of the logar i thms  of the minimal  doses 
of all  indices of the se i zu re  recorded ,  e i ther  in the control  or  at all t imes  a f te r  injection of su lazepam and its 
metabol i tes .  

It follows f r o m  what has been said that  su lazepam and its  metabol i tes  i n c r e a s e  the values  of DTCC, 
DCTC, and DTE, but have no effect  on the genera l  pa t t e rn  of the se izure  - on in terac t ion  between i ts  co mp o -  
nents o r  the specif ic  nature  of d i spers ion  of the d o s e - e f f e c t  cu rves .  
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