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A new cho l ines te rase  r eac t iva to r ,  p -bromobenzoyl th iohydroximic  acid S-diethylaminoethyl  
e s t e r  hydrochlor ide  (diethixime, containing a t e r t i a r y  ni t rogen a tom in i ts  molecule) ,  in a dose 
of 20 mg /kg  (0.02 LDs0), unlike d ipyroxime (containing a qua te rna ry  ni t rogen atom), in a dose 
of 3 m g / k g  (0.02 LDs0), was shown to have a cen t ra l  action on ra t s  and rabbi t s  poisoned with 
dimethytdichlorovinyl  phosphate.  This  was shown by r e s to ra t ion  of ace ty lcho l ines te rase  ac -  
t ivity in var ious  pa r t s  of the r abb i t s '  b ra ins  andnormal i za t ion  of the e l ec t roencepha log ram and 
of the functional s ta te  of the spinal  motoneurons  of the ra ts .  

KEY WORDS: cho l ines te rase  r eac t iva to r s ;  diethixime~ dipyroxime;  dimethyldichlorovinyl  
phosphate; monosynapt ic  potential.  

The degree  and c h a r a c t e r  of the prophylact ic  and therapeut ic  action of the oximes  depend on their  s t r u c -  
ture.  According to some  worke r s  [ 1, 2, 4] cho l ines te rase  r e a c t i v a t o r s  containing a qua te rnary  ni t rogen atom 
in their  pyridine r ing pene t ra te  poor ly  through the b lood-bra in  b a r r i e r  (BBB) and, for  that reason ,  they have a 
mainly pe r iphe ra l  action, so that they a re  not sufficiently effect ive in poisoning by some  organophosphorus  in-  
sec t ic ides  (OPI). The new cho l ines t e ra se  r eac t i va to r  diethixime (p-bromobenzoyl th iohydroximic  acid S-d i -  
e thylaminoethyl  e s t e r  hydrochloride) ,  synthesized in the w r i t e r s '  insti tute [ 9, 10] and containing a t e r t i a ry  
ni t rogen a tom in i ts  molecule ,  has s t rong therapeut ic  act ivi ty in an imals  poisoned with OPI [ 5, 6]. 

The object  of this invest igat ion was to study the cent ra l  action of diethixime in an imals  poisoned with 
dimethyldichlorovinyl  phosphate (DDVP). Compara t ive  invest igat ions were  c a r r i e d  out with d ipyroxime,  the 
well-known cho l ines te rase  reac t iva to r .  

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

Expe r imen t s  were  ca r r i ed  out on 24 rabbi t s  weighing 3-3.5 kg and 50 albino r a t s  weighing 200-260 g. At 
leas t  six an imals  were  used in the exper imenta l  groups.  The action of DDVP and the r e a c t i v a t o r s  on the CNS 
was studied over  a period of 3-120 min a f te r  admin is t ra t ion  in re la t ion  to ace ty lcho l ines te rase  (ACE) act ivi ty 
in different  pa r t s  of the brain ,  the functional s ta te  of the spinal motoneurons ,  and the EEG. DDVP was given 
by mouth to the an imals  in a dose of LDs0 (10 m g / k g  for  rabbi ts ,  40 m g / k g  for  ra ts) .  The r eac t i va to r s ,  in 
therepeut ic  doses  of 0.02 LDs0 (20 m g / k g  for  diethixime and 3 m g / k g  for  dipyroxime) were  injected i n t r a m u s -  
cu lar ly  1-2 min a f te r  the poison. ACE act ivi ty in the var ious  pa r t s  of the bra in  of the rabbi t s  poisoned with 
DDVP and during t r ea tment  with the r e a c t i v a t o r s  was de te rmined  co lo r ime t r i c a l l y  [ 12] 90 min a f te r  admin i s -  
t ra t ion of the subs tances .  Animals  with DDVP poisoning were  decapitated in the agonal period. Motoneuron 
act ivi ty was de te rmined  in r a t s  anesthet ized with ure thane (1 g/kg) with r e s p e c t  to the amplitude of the mono-  
synaptic potential  (MSP) recorded  f rom the ventra l  root  of segment  L5-6 in r e sponse  to s t imulat ion of the 
cor responding  dorsa l  root  by p r e l i m i n a r y  and tes t  s t imuli  separa ted  by different  t ime in tervals .  The intensi ty 
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TABLE 1. Degree  of React iva t ion  of ACE 
(in %) in Dif ferent  P a r t s  of the Bra in  of 
Rabbi ts  Poisoned with DDVP (10 mg/kg) ,  
a f te r  T r e a t m e n t  with the C h o l i n e s t e r a s e  
R e a c t i v a t o r s  Die th ix ime and Dipyroxime 

Part of brain 

Medulla 

Corpora 
quadrigemina 

Hippocampus and 
t~ypothalamus 

Caudate nuclens 

Inhibition 
of ACE 
activity by 
DDVP, % 

73 

65 

68 

73 

9 0 rain after treatrnent with 

diethixime I dipyroxime 
(20 mg/kg) (3 mg/kg) 

96 3.3 

86 28 

88 25 

25 5 

of s t imula t ion  was chosen so that only group 1 f ibe r s  were  exci ted  [11, 14]. The EEG was r eco rded  by a uni-  
po la r  method on a four -channe l  e l ec t roencepha log raph  f rom the two f ronta l  and p a r i e t a l  lobes of the bra in .  
The r e s u l t s  were  subjec ted  to s t a t i s t i c a l  ana lys i s .  

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

During the f i r s t  15-20 rain af te r  admin i s t r a t ion  of DDVP to the r abb i t s  they developed acute poisoning 
typical  of OPI and c h a r a c t e r i z e d  by exci ta t ion  of m u s c a r i n i c  and nicot inic  chol inerg ic  sy s t ems .  ACE was 
a lmos t  comple te ly  inhibi ted (by 65-73%) in the va r ious  p a r t s  of the b ra in  where,  under  normal  condit ions,  the 
ac t iv i ty  of this  enzyme is  p a r t i c u l a r l y  high (Table 1). T r e a t m e n t  of the an ima l s  with d ie th ix ime was effective.  
The c h a r a c t e r i s t i c  symptoms  of poisoning a lso  developed in this  case  but they were  much l e s s  s e v e r e  than in 
the unt rea ted  an imals  or  in an imals  t r ea ted  with d ipyroxime.  Die th ix ime r e s t o r e d  ACE ac t iv i ty  by the g r e a t e s t  
deg ree  in the medul la  (96%), c o r p o r a  quadr igemina  (86%), and hippocampus and hypothalamus (88%), and by a 
l e s s e r  degree  in the caudate  nucleus of the corpus  s t r i a t u m  (25%). When d ipyrox ime  was used the r eac t iva t ion  
of ACE in the hippocampus,  hypothalamus,  and s u p e r i o r  col l icul i  was 25-28%, but in the medu l l a  and the can-  
date n u c l e u s i t  was only 3-5%. Compared  with d ipyrox ime ,  d ie th ix ime c l e a r l y  pene t ra ted  by a fa r  g r e a t e r  de -  
g ree  through the BBB and r e s t o r e d  ACE ac t iv i ty  in the CNS. However,  the d i f ferent  deg rees  of ACE r e a c t i v a -  
tion in d i f ferent  p a r t s  of the b ra in  could be explained by d i f fe rences  in the p e r m e a b i l i t y  of the b a r r i e r  [ 3]. 

In control  r a t s  in r e s p o n s e  to p r e l i m i n a r y  s t imula t ion  of the d o r s a l  root ,  an MSP was r eco rded  f rom the 
ven t ra l  root ,  where  i t  was due to the sp read  of exci ta t ion in axons of motoneurons  (Fig. 1). In r e sponse  to tes t  
s t imula t ion  at d i f ferent  t ime in t e rva l s  a f te r  the p r e l i m i n a r y  s t imula t ion ,  a f te r  an in i t ia l  per iod  of absence of 
MSP, caused by the r e f r a c t o r y  s ta te  of the af ferent  f ibe r s ,  there  was a prolonged (4-5 msec)  phase of r e i n -  
fo rcemen t  of the tes t  MSP. The degree  of r e in fo rcemen t ,  ca lcula ted  as the ra t io  between the t es t  MSP and the 
p r e l i m i n a r y  potent ia l ,  was 300%. The r e in fo r c e m e n t  was followed by a phase of s l ight  weakening of the poten-  
t ia l  (Fig. 1). 

Af ter  poisoning of the r a t s  with DDVP a cons ide rab le  i n c r e a s e  was obse rved  in the ampli tude of both the 
p r e l i m i n a r y  and the tes t ing MSP. Meanwhile the degree  of r e i n f o r c e m e n t  (by 450%) and the dura t ion  of this  
phase  (up to 15-17 msec) both i n c r e a s e d  s igni f icant ly  (Fig. 1). In the an imals  r ece iv ing  DDVP and die th ix ime 
the p r e l i m i n a r y  and tes t ing MSP and a lso  the r e in fo rcemen t  10-20 min l a t e r  were  a lmos t  ind is t inguishable  
f rom the i r  values  in the cont ro l  r a t s .  However,  there  was a r a t h e r  l a t e r  r i s e  of the phase  of r e i n f o r cemen t  to 
the maximum (Fig. 1). Under the influence of DDVP and d ipyrox ime  the changes in the tes t ing MSP were  
s i m i l a r  to those observed  during DDVP poisoning,  although under  these c i r c u m s t a n c e s  the r e in fo rcemen t  was 
g r e a t e r  (550%). As Fig .  1 shows, dur ing the per iod  of prolonged de p r e s s i on  the changes in MSP in the control  
r a t s  and af te r  exposure  to DDVP and DDVP with d ie th ix ime were  s i m i l a r ,  whereas  a f te r  exposure  to DDVP 
and d ipyrox ime  the p r o c e s s  was more  marked.  Since the f i r s t  impu l se  r each ing  the motoneurons exci ted only 
some of them (10-20%) to an in tens i ty  suff icient  to cause  a d i s cha rge  in the i r  axons, but mos t  of the ce l l s  
usual ly  r emained  in a s ta te  of loca l  exci ta t ion [8, 13], the i n c r e a s e  in the P r e l i m i n a r y  MSP observed  under  the 
influence of DDVP alone and of DDVP and d ipyrox ime  could probably  be due to an i n c r e a s e  in the number  of 
motoneurons  in which sp read ing  exci ta t ion  was produced.  Neve r the l e s s  the change in MSP to tes t ing  exci ta t ion  
was the ove ra l l  e x p r e s s i o n  of p r o c e s s e s  in motoneurons with both sp read ing  and loca l  exci tat ion;  unexcited 
motoneurons  p robab ly  a lso  pa r t i c ipa t ed  in this  r e sponse .  DDVP c l e a r l y  caused an i n c r e a s e  in the monosynapt ic  
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Fig. I. MSP of rats during poisoning with DDVP and treatment with di- 
ethixime and dipyroxime. Top right of figure: preliminary MSP (I) and 
testing MSP (2-Ii), evoked 1.3, 1.7, 2.5, 3.3, 6.5, 15, 30, 50, 70, and 200 
msec, respectively after preliminary impulse. Ordinate, ratio between 
amplitudes of testing MSP and preliminary MSP, taken as I00~o (horizon- 
tal broken line); abscissa, time (in msec). 
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Fig .  2. E E G  of r a t s  a f t e r  p o i s o n i n g  with DDVP and t r e a t m e n t  wi th  c h o l i n -  
e s t e r a s e  r e a c t i v a t o r  d i e t h i x i m e .  I,  I1, III,  IV) D e r i v a t i o n s .  A:  a) B e f o r e  
a d m i n i s t r a t i o n  of s u b s t a n c e s ;  b) 3 m i n  a f t e r  a d m i n i s t r a t i o n  of DDVP. 
B: a) B e f o r e  a d m i n i s t r a t i o n  of s u b s t a n c e s ;  b, e) 20 and 40 min ,  r e s p e c -  
t i v e l y ,  a f t e r  a d m i n i s t r a t i o n  of DDVP and d i e t h i x i m e .  

r e f l e x  r e s p o n s e  which m a y  have been  due to an i n c r e a s e  in  the e x c i t a b i l i t y  of the m o t o n e u r o n s .  T h e s e  changes  
w e r e  p e r h a p s  connec t ed  not  only  wi th  ACE inh ib i t ion ,  but  a l so  wi th  a d i s t u r b a n c e  of c h o l i n e r g i c  s t r u c t u r e s ,  f o r  
e x a m p l e ,  in Renshaw c e l l s ,  f r o m  which  i n h i b i t o r y  i n f l u e n c e s  to m o t o n e u r o n s  o r i g i n a t e  [ 11, 15J. D u r i n g  the f i r s t  
10-20 ra in  the c h o l i n e s t e r a s e  r e a c t i v a t o r  d i e t h i x i m e  a b o l i s h e d  the e f f ec t  of  DDVP,  w h e r e a s  d i p y r o x i m e  did not  
a b o l i s h  the ac t ion  of the po i son  on the func t iona l  s t a t e  of the  m o t o n e u r o n s  even  a f t e r  90 rain.  

A s tudy  of the b r a i n  e l e c t r i c a l  a c t i v i t y  showed tha t  the E E G  of the  c o n t r o l  a n i m a l s  was  n o r m a l :  The  a m -  
p l i t ude  of  the w a v e s  in  a l l  d e r i v a t i o n s  was  93-100/~V and t h e i r  f r e q u e n c y  f r o m  11 to 13 Hz (Fig .  2). The  E E G  
a s  e a r l y  a s  3 rain a f t e r  a d m i n i s t r a t i o n  of DDVP showed a m a r k e d  g e n e r a l i z e d  d e s y n c h r o n i z a t i o n  r e s p o n s e  with  
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gradual depress ion of the potentials somet imes  leading to their total disappearance.  Changes in the EEG be- 
gan much ea r l i e r  than visible signs of poisoning appeared and they lasted for 60-90 rain. Diethixime res tored  
the brain e lect r ical  activity af ter  15-20 min. As a rule 40 min after  administrat ion of the preparat ion the EEG 
of the ra ts  had re turned almost  to its initial values (Fig. 2). Trea tment  of the ra ts  with dipyroxime did not 
lead to res tora t ion  of the brain potentials even 90 min after  administrat ion of the react ivator ;  the EEG was 
a lmost  indistinguishable f rom that recorded  in the poisoned animals,  although in this case the rats  did not die. 

Considering that diethixime abolishes the neuromuscular  block and the dis turbances of cardiac activity 
and react ivates  chol ines terase  both at the per iphery  [7] and in the CNS, it can be concluded that it is a univer-  
sal antidote for organophosphorus insect icides with a peripheral  and centra l  action. 
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