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C O M P A R I S O N  OF  C O N T R A L A T E R A L  AND I P S I L A T E R A L  

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

O F  T H E  C A U D A T E  N U C L E U S  IN C A T S  

l~. B. A r u s h a n y a n  a n d  A.  A .  D u t o v  UDC 612.626.5.014.424 

High-frequency st imulation of the caudate nucleus evoked two types of ro ta to ry  movements  of the 
head and t runk in f ree ly  moving cats:  in the oont ra la te ra l  and ips i la tera l  direct ions.  Contra-  
la te ra l  rotat ions (CR) were  evoked f rom a wider a rea ,  mainly f rom the d o r so -m ed io -cen t r a l  
zones of the head of the nucleus. Conversely,  ips i la tera l  rotat ions were  evoked f rom the vent ro-  
la te ra l  zone, they more  often contained a tonic component, thei r  amplitude was g rea te r ,  and the i r  
senst ivi ty  to L-dopa and chlorpromazine  was less .  Unilateral  injury to the region evoking CR led 
to ips i la tera l  a s y m m e t r y  of posture .  When this a s y m m e t r y  disappeared,  injection of L-dopa or  
apomorphine eas i ly  evoked c i r cu la r  movements  in the same direction.  Removal of zones acting 
as the source  of ips l la tera l  r e sponses  gave the opposite resul t .  

KEY WORDS: caudate nucleus; L-dopa; apomorphine.  

According to some workers  [6, 9, 10] the s t r ia tum may be the p r i m a r y  source  of ex t rapyramida l  d i sorders  
of the tors ion  dystonia type. However,  a t tempts to t r ea t  such diseases  by drugs both potentiating (neuroleptics} 
and weakening (dopaminomimetics) s t r ia ta l  act ivi ty have not g iven unequivocal resu l t s  [2, 3, 8], possibly be-  
cause of the exis tence of functionally different  zones in the caudate nucleus, with different  ro les  in the genesis  
of ro t a to ry  movements  and with different  sensi t ivi ty  to the action of drugs.  

Elec t r ica l  st imulation of the caudate nucleus and injection of dopamine into the nucleus in fact evoked two 
types of ro ta to ry  movements.  They may be e i ther  con t ra la te ra l  or  ips i la tera l  in di rect ion [1, 4, 5]. 

The object of this investigation was to compare  the two responses  evoked in cats  by st imulation and injury 
of the caudate nucleus. 

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

Exper iments  were  ca r r i ed  on 34 f ree ly  moving cats of both sexes  weighing 2-~3.6 kg. In the exper iments  
of s e r i e s  I (18 animals) ro t a to ry  responses  were  evoked by e lec t r i ca l  s t imulat ion (square pulses ,  f requency 30 
t tz ,  duration 0.5 msec ,  durat ion of  s t imulat ion 10 sec) of different  zones of the head of the eaudate nucleus 
through previous ly  implanted bipolar  nichrome e lec t rodes  (thickness of tip 0.1 mm, distance between e lec t rodes  
0.5-1 mm). In the exper iments  of s e r i e s  II (16 cats) e lec t ro ly t ic  des t ruct ion  (do, 2-4 mA, 3-5 applications for 
20 sec each t ime,  at in tervals  of 1 min, n ichrome e lec t rodes  0.3 mm thick) of a definite zone of one of the 
nuclei was c a r r i e d  out. Rota tory  movements  in a c i rc le  were  evoked in these animals  by means  of dopaminomi-  
met ics  - apomorphine (1-5 mg/kg) and L-dopa (50 and 100 mg/kg) - injected in t raper i toneal ly  20-30 min before  
the investigation began. The speed and number of the movements  were r eco rded  aider 30 min. 

In some exper iments  with e lec t r ica l  st imulation of the caudate nucleus, a f te r  control  determinat ion of the 
thresholds  of the ro ta to ry  responses  the animals were  given an injection of L-dopa (50 and 100 mg/kg) o r  
eh lorpromazine  (1 and 5 mg/kg).  
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Fig. 1. Effect of injury to different zones of 
caudate nucleus on direct ion of spontaneous ro ta -  
to ry  movements  in the ea r ly  periods af ter  cauda- 
tectomy. Location of zones of brain destruct ion 
leading to IR (1), not evoking rotation (2), and 
evoking CR (3) shown in frontal sections (A 20.0- 
A 15.0 according to Saider and Niemer ' s  atlas). 
Numbers  below are ser ia l  numbers  of cats  with 
most  charac te r i s t i c  focL of destruction (zone of 
injury is shaded individually for each animal). 

The experiments  on each animal lasted from 3 weeks to 1.5 months. After  the end of the experiments ,  
the location of the st imulating electrodes  and the volume and a rea  of injury were determined in a ser ies  of 
frontal brain sections.  

EXPERIMENTAL RESULTS 

Effects of Stimulation. In response to high-frequency stimulation of the oaudate nucleus two types of 
ro ta to ry  movements  developed: rotation of the head and trunk in the direction opposite to stimulation - con-  
t r a l a t e ra l  rotation (CR) or  cont ravers ive  movements,  to use H a s s l e r ' s  terminology [7] - o r  rotation in the 
ipsi lateral  direction (IR) (ipstversive movement}. 

In a previous paper  [1] the authors drew attention to differences between the two types of responses~ 
Firs t ,  their  outward appearance  is different. The CR usually has the charac te r  of a natural motor  act; more -  
over,  with an increase  in the strength of stimulation, isolated rotation is often replaced by coordinated move-  
meats  in a circle .  In the case of IR tonic rotation of the head and limbs toward the direct ion of stimulation 
were most  frequently observed, without any transi t ion into s tereotyped stepping movements.  Second, the two 
types of ro ta tory  responses  were evoked from different zones of the caudate nucleus; CR mainly from the 
do r so -med lo -cen t r a l  and IR from the r o s t r o - v e n t r o - l a t e r a l  zones. These zones are  close,  but not absolutely 
identical, with the regions distinguished by Cools [4] in the caudate nucleus. 
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TABLE 1. Effect  of L-dopa and Chlorpromazine  on Thresholds  of Different Types  of 
Ro ta to ry  Responses  

Type of rotation 

Contmlateral 
Ipsilateral 

47 
14 

Control 

3,5-----0,1 
3,2~-0,18 

L-dopa, mg/kg 

50 100 

4,8• 5,8+---0,6 
2,8~0,2 2,7~0,2 

n !Control 

4• 
2,3• 

Chlorpromazine, rag/kg 

3,5+0,14 3,5---0 I 
2,4-~0,21 * 2,1-~0,2 * 

Legend .  n) Number  of points of eaudate nucleus tes ted.  
*P < 0.05 c o m p a r e d  with control .  

Other d i f fe rences  between the two types  of e l ec t r i ca l ly  evoked r e sponses  were  as follows. The CR were  
the more  widespread  fo rm of ro t a to ry  movements  and were  eas i ly  evoked by s t imulat ion of the g r e a t e r  par t  of 
the head and body of the nucleus (CR/IR was 8:1). 

On the whole IR were  a more  genera l ized  and s t ronge r  response .  They were  evoked, for example ,  by 
s t imulat ion of lower  intensi ty (mean threshold  2.7 �9 0.11 V, compared  with 4 ~0.06 V for CR). During s imu l -  
taneous s t imulat ion of two points within the s ame  nucleus, which gave r i se  to rotat ion in different  d i rect ions ,  
only IR were  a lways observed .  To abolish IR the s t rength  of s t imulat ion of the compet ing zone had to be in- 
c r e a s e d  by 1.2-1.7 t imes .  P r e l i m i n a r y  s t imulat ion of the IR zone inhibited CR for  a few minutes ,  whereas  
p r e l i m i n a r y  s t imulat ion of the CR zone had no a f t e r -e f fec t .  

The ro t a to ry  movemen t s  in the two different  d i rec t ions  a l so  differed in the i r  sens i t iv i ty  to subs tances  
modulating monoaminerg ic  t r a n s m i s s i o n  (Table 1). L-dopa,  a s t imula to r  of dopaminerg ic  r e c e p t o r s ,  which 
in mos t  c a se s  r a i s e s  the th resholds  of CR, at the s ame  t ime  faci l i ta ted IR development  a l i t t le.  Under the in-  
fluence of the adrenolyt ic  and dopamiaolyt ic  drug ch lo rpromaz ine ,  the opposite effect  was observed .  If the 
changes in the thresholds  a r e  c o m p a r e d  it will be noted that CR had higher sens i t iv i ty  to both effects  (Table 1). 

Effec ts  of Injury.  In the e a r l y  s tages  (1-2 days a f t e r  the operation) uni la tera l  in jury to the caudate 
nucleus in mos t  c a se s  (in 14 of 16 animals)  led to the development  of  pos tu ra l  a s y m m e t r y .  The ca t ' s  head, and 
s o m e t i m e s  i ts  t runk,  were  turned to one side. When exci ted for  locomotion,  the an imals  began to move in the 
s a m e  di rec t ion  In a c i rc le .  The di rec t ion of rota t ion depended on the location of injury. The predominant  type 
of motor  d i so rde r  (62% of cases)  was ips i l a te ra l  a s y m m e t r y  (rotat ion to the side of the des t royed  nucleus). 
His tological  invest igat ions showed that this  a s y m m e t r y  was mainly  connected with des t ruc t ion  of the do r so -  
m e d i c - c e n t r a l  zones of the head, i .e. ,  the region f rom which CR were  eas i ly  evoked. Converse ly ,  the l e s s  f r e -  
quent (25% of cases)  con t r a l a t e ra l  a s y m m e t r y  was the resu l t  of des t ruc t ion  of the r o s t r o - v e a t r o - l a t e r a l  zone 

- the source  of IR. Dest ruct ion of the d o r s o - l a t e r a l  zones  (13%) more  often was ineffective (Fig. 1). 

Pos tu ra l  a s y m m e t r y  In most  an imals  (13 to 16) v i r tual ly  d i sappeared  7-10 days a f t e r  the operat ion.  How- 
eve r ,  it r e a p p e a r e d  a f t e r  injection of the dopaminomimet ics  L-dopa or  apomorphine .  Nei ther  drug evoked tonic 
ro ta t ion  of the head and t runk  in the ca ts ,  but nei ther  did they evoke continuous walking in a c i rc le .  For  s eve ra l  
hours of the exper imen t  the d i rec t ion  of movement  could change, but never the less  the p r e f e r ence  for one p a r t i c -  
u l a r  d i rec t ion was evident. It depended on the si te of injury and coincided with the d i rec t ion of spontaneous 
a s y m m e t r y .  The r e su l t s  of these  obse rva t ions  thus conf i rm the exis tence in the caudate nucleus of antagonist ic  
zones,  compet i t ion between which can take place witbin one nucleus. On the other  hand; as  the expe r imen t s  with 
uni la te ra l  injury to the eaudate nucleus show, the d i rec t ion of rotat ion is l a rge ly  de te rmined  by lntercaudate  
re la t ionships .  This is conf i rmed  b y  r e su l t s  obtained during st imulat ion of the caudate nucleus in an imals  p r e -  
viously undergoing c o u t r a l a t e r a I  caudatec tomy.  

Af te r  des t ruc t ion  of the d o r s o - m e d i o - c e n t r a l  zones of the head, the thresholds  of CR f rom the opposite 
nucleus were  cons iderab ly  reduced.  The degree  of dec rease  was propor t iona l  to the volume of dest ruct ion.  
The local izat ion of the injury a lso  p layed a role:  In the case  of isolated blocking of the CR zone of the other  
nucleus the shift  was c l e a r e r  than a f t e r  combined (even allowing for the more  extensive volume) blocking of 
zones respons ib le  for  the two types  of r o t a t o ry  r e sponses .  Converse ly ,  a f t e r  injury to the r o s t r o - v e n t r o -  
l a t e ra l  zones of the nucleus the th resho lds  of  CR were  dis t inct ly increased.  

Consequently, not only do zones  with opposi te  function exis t  in the caudate nucleus, during s t imulat ion of 
which con t r ave r s lv e  and ips ive r s ive  movements  a r i s e ,  but these r e sponses  a lso  differ  qual i ta t ively f rom each 
other .  It is r easonab le  to suppose that  regions  of the nucleus respons ib le  for rotat ion in different  d i rec t ions  
may  be di f ferent ly  impl ica ted  in the pathological  p r o c e s s .  This could a lso  be connected with the var iab i l i ty  
and unequal s eve r i t y  of the s ym p t om s  of to r s ion  dystonia,  and a lso  d i f ferences  in its r e sponse  to p h a r m a e o -  
therapy .  
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ANALGESIA CAUSED BY AN EXCITATION 

GENERATOR FORMED IN THE MESENCEPHALON 

G. N. K r y z h a n o v s k i i *  a n d  S. I.  I g o n ' k i n a  UDC 612.884-06:612.826.4 

In experiments on albino rats an excitation generator was formed with tetanus toxin in the dorsal 
nucleus of the midbrain raphe. The formation of an excitation generator in this nucleus was 
shown to produce general analgesia manifested against physiological (nociceptive stimulation) 
and central pathological pain (a pain syndrome of spinal origin). It is concluded that prolonged 
analgesia arising during activation of certain brain s tructures  is due to the appearance of excita- 
tion generators in them, which cause prolonged activation of those structures.  

KEY WORDS: dorsal nucleus of the midbrain raphe; excitation generator; pain syndrome of 
spinal origin; analgesia; tetanus toxin. 

Recent investigations have shown that electr ical  stimulation of the gray matter  near the aqueduct, the 
dorsal nucleus of the midbraia raphe, and certain other brain structures produces analgesia against both 
noeiceptive stimulation and pathological pain [1, 2, 13-16, 19]. The analgesic effeet is character ized by gradual 
development [16] and long persis tence (sometimes for several  hours) after  the end of stimulation [13, 15]. This 
course of the analgesia sugested [2, 3] that it is due to the formation of an excitation generator in these s t ruc-  
tures during their electr ical  stimulation. Model experiments have shown that the pain syndromes of central  
origin are based on the formation of generators of pathologically enhanced excitation (GPEE) in the correspond- 
iag regions of the nociceptive system [3, 5-7]. The pain syndrome of spinal origin has been produced by the 
formation of a GPEE in the poster ior  horns of the spinal cord [5], a trigeminal syndrome by its formation in 
the caudal nucleus of the trigeminal nerve [7], and a thalamic syndrome by its formation in the intralaminar 
nuclei of the thalamus [6]. On the basis of these investigations the theory of the generator mechanisms of 
central pain syndromes was formulated [3]. In the investigations mentioned above the GPEE was formed by 
means of tetanus toxin (TT), which disturbs various types of inhibition [4, 8, 10, 11]. 

In the present  investigation TT also was used to produce a GPEE, this time in the mesencephalic nuclei 
(the dorsal nucleus raphe), in order  to obtain prolonged effects of analgesia against physiological and pathologi- 
cal pain. 

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

Experiments were carr ied out on 45 albino rats weighi.ag 300 g. To form a GPEE in the dorsal nucleus 
raphe, purified TT was injected stereotaxically by means of a microinjector,  in  a volume of 1.5" 10 -4 ml and a 
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