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Parach lorophenyla lan ine ,  an inhibitor of serotonin synthes is ,  r a i s e d  the thresholds  of the con- 
t r a v e r s i v e  reac t ion ,  the a r r e s t  reac t ion ,  and the spindle waves accompanying it in the senso-  
motor  cor tex  of unanesthet ized,  unres t ra ined  cats  during stimulatiori of the r o s t r o - v e n t r a l  zones 
of the caudate nucleus.  The effects  a r i s ing  f r o m  the dorsomedia l  zones of the head and body of 
the nucleus changed in opposi te  d i rec t ions .  The serotonin p r e c u r s o r  5-hydroxytryptophan,  on 
the other hand, potentiated mos t  indices of caudate nuclear  act iv i ty  i r r e spec t i ve  of the s i te  of 
s t imulat ion.  The  exis tence  of se ro ton inerg ie  m e c h a n i s m s  in the r o s t r o - v e n t r a l  zones of the 
nucleus antagonis t ic  to the dopaminergie  s y s t e m  and capable  of t r igge r ing  cer ta in  caudate func- 
t ions is postula ted.  

KEY WORDS: serotonin;  paraehlorophenyla lanine;  5-hydroxytryptophan;  caudate nucleus; eaudate 
reac t ions ;  behavior  of ca t s .  

The act ivi ty  of the caudate nucleus is c losely  bound with var ious  med ia to r s  (dopamine, acetylcholine,  
GABA). Among them, an impor tant  ro le  may belong to serotonin.  A high concentrat ion of serotonin in the 
s t r i a tum has  been demons t ra ted  f luoromet r i ca l ly  and h i s tochemica l ly  [6, 11]. E lec t r i ca l  s t imulat ion of the 
caudate  nucleus intensif ies l ibera t ion  of the media tor  into the ce reb rosp ina l  fluid [8], whereas  local appl ica-  
t ion of serotonin  to the nucleus g ives  var ious  behaviora l  effects  [4]. 

In view of this information it was decided to study how in te r fe rence  with se ro ton inerg ic  t r a n s m i s s i o n  in 
different  ways influences the individual indices of act ivi ty of the caudate nucleus.  

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

In 46 exper imen t s  on eight adult cats  of both sexes ,  weighing 2.2-3 kg, motor  effects  to s t imulat ion of 
the caudate nucleus were  r eco rded  as the a r r e s t  r eac t ion  and con t r ave r s ive  react ion,  together  with the i r  e l ec -  
t rog raph ic  accompaniment .  For  this purpose,  under pentobarb i ta l  anes thes ia ,  f r o m  one to th ree  bipolar  hi-  
ch rome  e lec t rodes  were  implanted into different  zones of the caudate  nucleus and s teel  needles  were  inser ted  
into the region of the sensomotor  cor tex .  Movements  were  a r r e s t e d  by low-f requency  (2 and 10 p u l s e s / s e c )  
e l ec t r i ca l  s t imulat ion of the nucleus and evaluated on a four -poin t  sca le  (for deta i ls  of the method, see  [2])~ 
The con t r ave r s ive  react ion,  consis t ing of ro ta t ion  of the head and trunk, was induced by high-frequency (30 
p u l s e s / s e c )  s t imulat ion of the nucleus.  The an ima l s '  behavior  was r eco rded  visual ly  and by st i l l  and motion 
p ic tu res ,  whereas  the accompanying e lee t rograph ic  phenomena were  r e c o r d e d  on a four-channel  e l ec t roen -  
cephalograph.  

The t e s t  subs tances  were  injected in t raper i toneal ly .  Pa rach lo ropheny la l an ine  (PCPA, Sandoz, Swi tze r -  
land) was injected in a dose of 200 m g / k g ,  and observa t ions  on the an ima l s '  behavior  were  made 24 h la te r  and 
then daily for 4-5 days .  5-Hydroxytryptophan (5-HT) was injected in increas ing  doses  f r o m  5 to 30 m g / k g .  
The effects  were  de termined s ta r t ing  f r o m  10-15 rain af ter  injection. 

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

Effect  of PCPA. Spontaneous behavior  of the an imals  was essent ia l ly  unchanged 24 h af ter  the injection 
of PCPA. Changes coinciding with those descr ibed  p rev ious ly  in the l i t e r a tu re  were  obse rved  af ter  48 h [9]. 
On the whole, some increase  in locomotor  act ivi ty was found. The cats  became  m o r e  affect ionate and approach-  
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Fig.  1. Effect  of PCPA on thresholds  
of a r r e s t  reac t ion  (A), on spindle waves 
of EEG (B), and con t r ave r s ive  r e a c -  
tion (C) induced by s t imulat ion of cau-  
date nucleus in cer ta in  animals .  I) 
Changes during st imulat ion of do r so -  
medial ,  II) of ven t ro la t e ra l  zones of 
head and body of caudate nucleus.  Lo-  
cation of s t imulat ing e lec t rodes  indi- 
cated on schemes  of f rontal  b ra in  s ec -  
t ions in upper  p a r t  of f igure .  Absc i s sa ,  
t ime  of r ecord ing  effect  (in h) af ter  
injection of PCPA; ordinate ,  r e l a t ive  
th resholds  of r eac t ion  in % of initial  
level  for each point of nucleus.  

able and the i r  appe t i te  increased .  Inc reased  sexual i ty was obse rved  in the males .  The  act ivat ion of behavior  
was accompanied  by desynchroniza t ion  of  the EEG. These  phenomena became  less  marked  toward the 3rd-5th 
day af ter  injection of the t e s t  dose of PCPA.  

The  effects  of PCPA were  studied during s t imulat ion of nine points of the caudate nucleus. A r r e s t  of 
movements  caused by s t imulat ion of the caudate nucleus [2] was  changed in different  d i rec t ions  by PCPA.  Most 
frequently (five points) its th reshold  was increased,  in some  cases  by as much as 40-50% of the initial level .  
The  maximal  effect  was observed  48-72 h a f te r  injection (Fig. 1A). In th ree  cases  a tendency was obse rved  
for  the threshold  of the a r r e s t  r eac t i on  to be  lowered 24-48 h af ter  injection of PCPA.  

Compar i son  of the location of the s t imulat ing e lec t rodes  with the effect  of s t imulat ion showed that  weak-  
ening of the a r r e s t  r eac t ion  took p lace  in r e s p o n s e  to s t imulat ion of the ven t ro la t e ra l  zones of the head of the 
caudate nucleus,  whereas  s t imulat ion o f  the dorsa l  p a r t s  of the head of the nucleus,  on the other  hand, poten-  
t ia ted the a r r e s t  effect .  

A r r e s t  was usually accompanied  on the EEG by so -ca l l ed  spindle waves.  The  threshold  of the i r  ap p ea r -  
ance was r a i s e d  by PCPA,  independently of the location of the point of s t imulat ion (Fig. 1B). Shortening of the 
evoked d i scharges  and a dec rea se  in the i r  ampli tude a lso  were  obse rved  (Fig. 2). The absence  of co r re l a t ion  
between the changes in the thresholds  of the spindle waves and the a r r e s t  r eac t ion  during s t imulat ion of the 
dorsocauda l  zones of the nucleus is fur ther  evidence that  the two phenomena a re  pa ra l l e l  r a t h e r  than in te rde-  
pendent [1]. 
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Fig. 2. Effect of 5-HT and PCPA on spindle waves in sensomotor com- 
plex during stimulation of one point of caudate nucleus in the same 
animal. 1 and 3) Initial picture of cort ical  response to stimulation of 
nucleus at frequency of 1 pu l se / sec  with voltage of 15 and 17 V r e -  
spectively; 2) 20 rain after injection of 5-HT, 30 mg/kg; 4) 48 h after 
injection of PCPA, 200 mg/kg; 5) 20 rain after injection of 5-HT 
against this background. 
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F ig .  3. Ef fect  of inc reas ing  doses of  5- 
HT on thresholds of test  reactlons during 
stimulation of caudate nucleus in individ- 
ual animals. Abscissa, doses of 5-HT, 
mg/kg; ordinate, t ime of recording ef-  
fect. Remainder of legend as in Fig. 1. 
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High-f requency s t imulat ion of the caudate nucleus mos t  frequently evoked rota t ion of the head and t runk 
of the cats  in the con t ra la te ra l  direct ion - a con t r ave r s ive  reac t ion .  After  injection of PCPA, its threshold  
was r a i sed  in most  cases  (F ig .  1C}. Injection of PCPA also dis turbed c i rcu la r  stepping movements ,  whereas  
s table  isolated r o t a r y  movemen t s  of the head were  m o r e  r e s i s t an t .  In two ca se s  an ips ive r s ive  reac t ion  was 
observed,  and this was unaffected in one animal  but weakened in another  by PCPA. 

Effect  of 5-HT.  In a smal l  dose (10 m g / k g )  5-ttT in most  cases  did not significantly change the ca t s '  
behavior .  Only occas ional ly  was modera te  sedation observed:  After  injection of 20 m g / k g  of the compound 
spontaneous locomotion was dist inct ly weakened. Changes in the an ima l s '  emotional  state,  in the fo rm of a l e r t -  
ness  and fear ,  appeared  at  the  s a m e  t ime .  All these  changes developed against  the background of inc reased  
tone of the pa ra sympa the t i c  sys tem:  mios is ,  sal ivation,  d ia r rhea ,  and bradycard ia .  With an inc rease  in the 
dose (up to 30 mg/kg)  these  phenomena were  intensified and were  s o m e t i m e s  accompanied  by cho re i fo rm 
hyperk ineses  of the l imbs and a fine t r e m o r  of the head. 

The  effect  of 5-HT on the caudate reac t ions  was studied during e lec t r i ca l  s t imulat ion of nine points of 
the caudate nucleus.  A r r e s t  of movements  on the whole changed uniformly,  with a dec rea se  in the threshold  
of the r e s p o n s e s .  T h e  same  effect  was obse rved  during s t imulat ion of both dorsa l  and ventra l  zones of the 
head or body of the nucleus.  The only di f ference was pe rhaps  that  the r e s p o n s e s  f r o m  the dorsa l  zone were  
m o r e  dist inct ly weakened af ter  injection of 20 m g / k g  of the compound, and with an inc rease  in the dose, the re  
was a tendency, converse ly ,  for the change to diminish (Fig. 3A). 

After  injection of 5-HT the background EEG showed modera te  synchronizat ion with infrequent spontaneous 
spindles.  Agains t  this  background, single caudate s t imul i  more  eas i ly  provoked bu r s t s  of spindle waves.  The 
threshold  of the i r  appearance  was as a ru le  lowered,  although in one case  it was r a i s e d  (Figs.  2 and 3B). 

The  con t r ave r s ive  reac t ion  showed l i t t le change under the influence of 5-HT in the case  of s t imulat ion 
of the dorsa l  zone of the nucleus.  The thresholds  of  r e s p o n s e s  evoked f r o m  the ven t ro la t e ra l  regions  of the 
head were  r a i s e d  {Fig. 3C). Ips i l a te ra l  rota t ions ,  on the other  hand, were  inhibited by 5-HT. 

If 5-HT was injected a f te r  PCPA,  the effects  of the la t ter  on the a r r e s t  reac t ion ,  spindle waves,  and 
ro t a to ry  movements  evoked by s t imulat ion of definite points  of the nucleus were  suppressed .  Never the less ,  
the act ion of the two p r e p a r a t i o n s  was not a lways c lea r ly  in opposi te  d i rec t ions .  It  is in teres t ing  to note that  
a f ter  injection of PCPA the serotonin p r e c u r s o r  evoked more  marked  synchronizat ion of the EEG. In r e sponse  
to a single caudate s t imulus slow act ivi ty  appeared,  and at t imes  this  masked  or deformed the spindle waves 
(Fig. 2B). 

The  r e su l t s  a r e  evidence that in te r fe rence  with se ro toninerg ic  t r a n s m i s s i o n  by means  of an inhibitor of 
synthes is  of the media tor  or  its p r e c u r s o r  has an apprec iable  effect  on cer ta in  functions of the caudate nucleus.  
Consequently,  the m e c h a n i s m  of these  functions and also the pha rmacodynamics  of ce r ta in  neurot ropic  drugs 
act ing on the caudate nucleus must  be c losely  bound with serotonin metabo l i sm.  Meanwhile, as the r e su l t s  of 
these  invest igations show, the r01e of this t r a n s m i t t e r  in the nucleus has by no means  been unequivocally solved. 
The  conclusion of Cools [4, 5], that  topographica l ly  demarca ted  zones a r e  dependent p r i m a r i l y  on the s ta te  of 
se ro toninerg ic  t r ansmis s ion ,  must  evidently be accepted.  According to the facts  descr ibed  above, these  zones 
a r e  concentra ted in the r o s t r o v e n t r a l  pa r t s  of the nucleus, and serotonin evidently plays the ro le  of ac t iva tor  
of s eve ra l  functions of the caudate nucleus.  Dis turbance  of se ro toninerg ic  mechan i sms  against  the background 
of PCPA weakens the r e s t r a in ing  p r o p e r t i e s  of the nucleus and in te r fe res  with the manifes ta t ion of the EEG 
accompaniment ,  in the f o r m  of spindle waves ,  whereas  5-HT acts  in the  opposi te  way. Serotonin thus behaves  
like an antagonis t  of the other  impor tant  media tor  of the nucleus - dopamine.  In fact,  a d is turbance of dopamin-  
e rg ie  t r a n s m i s s i o n  lowers  the thresholds  of the a r r e s t  r eac t ion  and of the caudate spindle waves in the cor tex  
[3]. This  fact  conf i rms the concept of r e c i p r o c a l  re la t ions  between the two t r a n s m i t t e r s  in the maintenance of 
s t r i a ta l  functions [7]. 

Meanwhile the poss ibi l i ty  cannot be ru led  out that  secondary  changes take p lace  in the act ivi ty of the 
caudate nucleus because  of modnlation of ex t racaudate  se ro toninerg ic  p r o c e s s e s  by the  subs tances  tes ted,  or  
that  they in tervene  d i rec t ly  in the act ivi ty  of dopaminergic  t e r m i n a l s  [10]. 
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E F F E C T  O F  E T H I M I Z O L E  ON C H A N G E S  IN B R A I N  

M E T A B O L I S M  C A U S E D  BY O V E R S T I M U L A T I O N  

E .  V.  M o r e v a  a n d  V.  V .  B u l i o n  UDC 615.214.31.015.42 : 612.82 

During overs t imula t ion  (e lec t r ica l  s t imulat ion for  3 h) of r a t s  cons iderable  changes a r e  obse rved  
in the i r  bra in  me tabo l i sm.  These  changes  a r e  mani fes ted  as  exhaust ion of the noradrenal in  r e -  
s e r v e s  and d is turbance  of energy  metabo l i sm,  leading to a fall in the c rea t ine  phosphate  level .  
P r e l i m i n a r y  (before e l ec t r i ca l  s t imulat ion) admin i s t r a t ion  of e th imizole  p reven ted  the no rad ren -  
alin and c rea t ine  phosphate def ic iencies  in the b ra in  t i s sue  of the overs t imula ted  animals .  

KEY WORDS: prolonged e lec t r i ca l  s t imulat ion of the brain;  energy  metabol i sm;  noradrenal in;  
e th imizole .  

Analys is  of r e f l ex  dys t rophies  of the internal  organs  has shown that  the development  of t i s sue  injuries  is 
connected with a d is turbance  o f  the r egu la to ry  influences of the CNS. This  is shown by the p ro tec t ive  action 
of neurot ropic  drugs  blocking chol inergic  and ad rene rg ic  s y s t e m s  in the CNS and by the sharp dec rea se  in the 
concentrat ion of med ia to r s  - acetylchol ine and, in pa r t i cu la r ,  noradrena l in  (NA) - in the brain  t i s sue  [1, 9, 10]. 

The  invar iab le  par t ic ipat ion  of the CNS in the t r a n s m i s s i o n  of noxious impulses  during s t imulat ion of 
ref lexogenic  zones was the motivat ion for  the p r e s e n t  invest igat ion to de te rmine  whether metabol ic  changes 
take place  under these  c i r c u m s t a n c e s  in the bra in  t i s sue  and whether  they can be regula ted  by neurotropic  
drugs  such as a r e  used for the t r e a t m e n t  of exper imenta l  neurodys t rophies .  

For  this purpose ,  some  indices of energy me tabo l i sm  of the b ra in  were  studied and the  NA concentra t ion 
de te rmined .  The neurot ropic  drug used was ethimizole ,  an a lkylamide  of imidazoledicarboxyl ic  acid with a 
marked  cen t ra l  action on the energy  m e t a b o l i s m  of the CNS. The w r i t e r s  showed p rev ious ly  that  e thimizole,  
20 rain a f te r  injection into n o r m a l  animals ,  i n c r e a s e s  g lycolys is ,  oxidat ive phosphorylat ion,  and the c rea t ine  
phosphate (CP) concentrat ion,  but r educes  the inorganic phosphorus  content [2, 5, 11]. 

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

Exper imen t s  were  c a r r i e d  out on male  albino r a t s  weighing 180-200 g. For  overs t imula t ion ,  leading to 
the development  of neurogenic  dys t rophies ,  the an imals  were  s t imulated e lec t r i ca l ly  for 3 h through needle 
e lec t rodes  implanted into the musc les  of the fo re l imbs  [3]. E th imizole  was injected in t raper i tonea l ly  in a dose 
of 25 m g / k g  20 rain before  e lec t r i ca l  s t imulat ion began. Immedia te ly  af ter  the end of s t imulat ion the r a t s  were  
kil led by i m m e r s i o n  in liquid oxygen, the bra in  was removed ,  and the content of NA [6], pyruvic  acid [16], l ac -  
ta te  [13], glycogen [17], CP [14], and inorganic phosphorus [15] was de te rmined  in the c e r e b r a l  hemisphe re s .  
In tact  an imals  s e rved  as the control .  
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