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ROLE OF THE STRIATUM IN THE MECHANISM 

OF SEROTONINERGIC EFFECTS ON THE COURSE 

OF METRAZOL CONVULSIONS IN RATS 

R .  M. A v a k y a n  UDC 616.8-009.24-092:616.831.32]-092.9 

The effect  of 5-hydroxytryptophan (5-HT) and parachlorophenyla lanine  (PCPA) on behaviora l  and 
e lec t roeneepha lographic  mani fes ta t ions  of me t r azo l  convulsions during e lec t r i ca l  s t imulat ion and 
des t ruc t ion  of the s t r i a tum was studied in f ree ly  moving ra ts .  The effect  of the compounds on 
the se i zu res ,  the myoclonic s p a s m s ,  and the sp ike-and-wave  act ivi ty  evoked by me t r azo l  did not 
depend signif icant ly on the functional s tate  of the corpus  s t r ia tum.  Meanwhile the abi l i ty of 5 -HT 
to ame l io ra t e ,  and of PCPA to aggrava te  the course  of the genera l ized  convulsion and the pos t -  
convulsive state was potentiated by s t imulat ion and abol ished by dest ruct ion of the s t r ia tum.  It 
is suggested that act ivat ion of the sero toninerg ie  mechan i sms  may be respons ib le  for  the abol i -  
tion of the convulsions that is obse rved  in the case  of exci ta t ion of the corpus  s t r ia tum.  

KEY WORDS: me t r azo l  convulsions;  se ro toninerg ic  substances ;  s t r ia tum.  

Serotoninergic  agents  a re  known to affect  the course  of me t razo l  convulsions: the serotonin  p r e c u r s o r  5-  
hydroxytryptophan (5-HT) blocks,  whereas  the inhibitor of serotonin synthesis  paraehlorophenyla lanine  (PCPA), 
on the other  hand, intensif ies  convulsions of this sor t  [4-6]. As the wr i t e r  showed p rev ious ly  [1-3], a change in 
the functional ac t iv i ty  of the s t r i a tum,  which has a high concentra t ion not only of dopamine and aeetylcholine,  
but a l so  of serotonin,  has a distinct influence on the c h a r a c t e r  of me t razo l  convulsions.  

It was t h e r e f o r e  decided to study the effect  of e lec t r i ca l  s t imulat ion and blocking of the s t r i a tum on the 
abi l i ty of 5-HT and PCPA to modify the va r ious  indices of convulsions evoked by met razo l .  

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

Expe r imen t s  were  c a r r i e d  out on 65 albino r a t s  of both sexes  weighing 180-300 g. The pharmacolog ica l  
agents  5-HT (100 mg/kg) and PCPA (300 mg/kg  twice at an in terval  of 24 h) were  injected in t raper i tonea l ly  0.5 
and 48 h r e spec t ive ly  before  provocat ion of the convulsions.  In the exper imen t s  of s e r i e s  I the effect  of s e r o -  
toninergie  drugs  on behaviora l  (30 rats)  and e lee t roeneephalographic  manifes ta t ions  (four rats)  of me t razo l  con- 
vuls ions were  studied in intact an imals ;  in s e r i e s  II the action of the drugs was a s s e s s e d  on the ant iconvulsive 
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TABLE I. Effect of Serotoninergic Drugs on Some Indices of Metrazol Convulsions 
Before (I) and After (II) Destruction of Striatum (M �9 m) 

Drug 

Control 
5-hydroxytryptophan 
Par achlorophenylala nin~ 

Threshold dose (in mg/kg) of metrazol to obtain 

myoctonic spasms genera~zed convuhion 

I II I [ II 

25,5~2,4 43,8• 
34,4• 57,5• 
13,0+---2,4 26,3~4,5 

I I I  

38,0 ~- 5,2 55,2~5,1 
60,2+---7,8 77,5--+5,8 
26,8-----3.2 47,5+--7,2 

Duration of convulsion 1 Status epi- 
~lep~iformis 

(in sec) /(it 1%) 

t 
24,8• t 40,2• 
18,6• 45,0• 
38,8~9,8 20,2• 
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Fig. 1. Effect of 5-HT and PCPA on cor t ical  responses  
evoked by single stimulation of s t r ia tum after  subeonvul- 
sant doses of metrazol .  I) Character  of spontaneous 
changes (A) and changes evoked (t3) by caudate stimuli on 
EEG in sensomotor  cor tex  of same rat  under normal  con-  
ditions (1) and after  administrat ion of 5-HT (2) and PCPA 
(3); H) combined changes in duration of cor t ical  responses  
on EEG to str iatal  stimulation (40 ~A, 0.1 msec) in a rat  
before (a) and after administrat ion of increasing doses of 
metrazol  (10, 20, and 30 mg/kg  in b, c, and d, respect ively) ;  
unshaded column - control,  columns with c ross -ha tch ing  
and oblique shading - af ter  5-HT and PCPA, respect ively .  
Ordinate, t ime (in see). 

effect of e lec t r ica l  stimulation of the str iatum. The methods of obtaining convulsions and of stimulating the 
brain  were descr ibed in detail previously [1, 2]. In se r ies  III the effect of 5-HT and PCPA was studied on the 
course  o f  the convulsions in 23 s t r ia tec tomized rats .  For  this purpose, 2 weeks before the experiments  bi-  
la tera l  e lectrolyt ic  destruction of the s t r ia tum was ca r r i ed  out (silver e lect rodes ,  de of 2 mA, duration 20-30 
sec ). After the end of the experiments  the location and volume of the lesions in the corpus s t r ia tum were de te r -  
mined in every  case. 

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

Interference with the activity of the serotouinergic  sys tems  of the brain c lear ly  modified the course  of the 
preconvulsive period, the general ized fit, and the postconvulsive state evoked by metrazol  (Fig. 1). 
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Fig. 2. Action of drugs modifying serotoninergic  t ransmiss ion  on dynamics of EEG dur-  
ing postconvulsive period in intact (I) and s t r ia tee tomized (I1) rat. A, B, and C) EEG of 
occipital cor tex 5 sec and 5 and 50 rain, respect ively  after  end of convulsion; 1) control,  
2) af ter  5-HT, 3) af ter  PCPA. 

After  injection of 5-HT the behavior and EEG of the intact animals showed no significant change. The 
compound blocked the generation of metrazol  se izures  and the corresponding slow negative waves (SNW) and 
spike-and-wave complexes.  After 5-HT the manifestation of both the myoclonic spasms and the general ized 
coavulsion was great ly  impaired. However, the threshold of the la t ter  rose by a g rea te r  degree than the 
threshold of the myoelonic spasms (Table 1). Stimulation of serotoninergic  t ransmiss ion  lowered the intensity 
and shortened (by shortening the tonic and clonic phases) the duration of the convulsion and also improved the 
course  of the posteonvulsive period: It reduced by 3-4 t imes  the duration of the postconvulsive myoclonie 
spasms and the EEG returned to normal  fas ter  than  in the control (Fig. 2, I). 

PCPA evoked motor  hyperactivity,  aggress iveness ,  and desynchronization of the EEG in the rats. PCPA 
appreciably facil i tated the onset of seizures ,  SNW, and spike-and-wave complexes and also distinctly increased 
their  duration (Fig. 1, I, A). PCPA lowered the threshold of the myoelonic spasms by a grea te r  degree than the 
threshold of the convulsion. By contras t  with 5-HT, it caused no significant change in the duration of the convul- 
sion and appreciably aggravated the course  of the postconvulsive period (Table 1, Fig. 2, 1). 

As was shown ea r l i e r  [2], stimulation of the caudate nucleus in ra ts  by single e lectr ic  pulses facilitated 
the onset of metrazol  se izures ,  SNW, and spike-and-wave complexes and increased their  duration. 5 - H T  inhi- 
bited but PCPA potentiated this proper ty  of the str iatum. The action of the drugs was exhibited most c lear ly  
when preceded by administrat ion of metrazol  (20 mg/kg). For  example, in intact animals under these conditions 
the caudate stimulus evoked paroxysmal  af ter  d ischarges  with a duration of 1522 • 251 msec in the sensomotor  
cortex, but in ra t s  receiving 5-HT or PCPA thei r  duration was 812 =k 182 and 3110 �9 242 msec respect ively  (Fig. 
1, I1). As the dose of met razol  approached the convulsant level, the ability of the s t r ia tum to provoke se izures  
and a spike-and-wave rhythm became much weaker. Single stimuli, it will be noted, were applied at a time of 
absence of "spontaneous" metrazol  paroxysmal  waves (with an interval of 5-10 sec). 

A previous investigation [2] showed that repeated caudate stimuli  (1-3 pulses / see) ,  direct ly depending on 
the stage of met razol  poisoning, p rese rved  ei ther the hypersynchronous SNW and spike-and-wave complexes 
accompanied by to rpor  and t r e m o r  of the r a t ' s  head, or  a general ized convulsion. 5-HT ra ised  the threshold 
and reduced the duration and sever i ty  of these responses .  PCPA had a direct ly  opposite action on the effects 
of repetit ive stimulation. In fact, whereas af ter  PCPA a cer ta in  pool of neurons t r iggered  a regular  spike-and- 
wave rhythm and convulsion after  the injection of 10-15 and 20-25 mg/kg  metrazol ,  respect ively ,  if 5-HT was 
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was given these  doses  were  a lmos t  doubled. PCPA a l so  apprec iab ly  lengthened the duration of convulsions 
provoked by s t r i a ta l  s t imulat ion and increased  the i r  s eve r i t y  compared  with the control .  

Af te r  des t ruct ion of the s t r i a tum in intact an imals  the seve r i ty  and durat ion of the se izu res ,  the SNW, 
and sp ike-and-wave  act ivi ty  were  reduced,  the th resholds  of the myoclonic s p a s m s  and the genera l ized  con-  
vulsion were  a lmos t  doubled, the duration of the convulsion was increased ,  and, finally, in 50% of r a t s  s ta tus  
ep i lep t i fo rmis  was produced (Table 1). After  s t r i a t ec tomy  the effect  of the se ro toninerg ic  drugs  on me t razo l  
s e i zu res ,  myoclonic s pa s m s ,  and the i r  EEG manifes ta t ions  st i l l  remained .  5 - H T  inc reased  the threshold  of 
the myoclonic s p a s m s  a l r eady  r a i s ed  as  the resu l t  of injury to the eaudate nucleus,  whe reas  PCPA had the 
opposite action (Table 1). Meanwhile, the operat ion modif ied the c h a r a c t e r  of the effect  of these  drugs on the 
genera l ized  convulsion and on the posteonvuls ive  state.  5 -HT did not exhibit its p ro tec t ive  effect  on the course  
of the convulsion andof the  posteonvuls ive  s tate  in the s t r i a t e e tomized  an imals  (Fig. 2, II), although a s  in the 
control ,  it r a i s e d t h e  th resho ld  of the convulsion. PCPA af te r  s t r i a t ee tomy  caused no change in the threshold  
of the convulsion in the r a t s  and had an act ion opposite to that  exhibited by it normal ly :  The  duration of the con-  
vuls ion was reduced,  the number  of s t r i a t ec tomized  r a t s  developing s tatus  epf lep toformis  was reduced by a l -  
mos t  two th i rds  (Table 1), the durat ion of the postconvuls tve  myoelonic s p a s m s  was shortened,  and n o r m a l i z a -  
t ion of the EEG took place m o r e  rapidly  (Fig. 2, ]I). 

These  r e su l t s  indicate that the s t r i a tum plays  an important  role  in the action of se ro ton inerg ie  drugs on 
the genera l ized  convulsion and the posteonvuls ive  state.  Meanwhile, the effect  of these  drugs  on the dynamics  or 
the preconvuls ive  manifes ta t ions  is p robably  de te rmined  by different  mechan i sms .  The r ea son  may  be cer ta in  
functional pecu l ia r i t i e s  of the corpus  s t r i a tum.  Analys is  of data in the l i t e r a tu re  shows that  the s t rengthening 
of se ro toninerg ic  t r a n s m i s s i o n  faci l i ta tes  the t r i gge r ing  of s t r i a t a l  effects .  Meanwhile, it has c l ea r ly  been 
demons t r a t ed  that the corpus  s t r i a tum can abol ish the p a r o x y s m a l  p roce s s ,  reduce  the durat ion of the convul-  
sions, and prevent  the onset  of repea ted  fits [3]. 
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