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The poss ib i l i ty  of fo rmat ion  of a pathological ly  enhanced exci tat ion gene ra to r  in the ves t i b -  
u la r  nucleus of the medul la  through a d i s turbance  of inhibition in that nucleus  was demon-  
s t r a t ed  and, as a resu l t ,  the an imals  developed ro ta to ry  movemen t s  toward the opposi te  
side.  Exper imenta l  e l ec t r i ca l  s t imulat ion or  coagulation of the l a te ra l  ves t ibu la r  nucleus 
showed that the pathological ly  enhanced exci tat ion gene ra to r  is  based  on a sy s t em of ves t i b -  
u la r  neurons  which organ izes  a synchronous vol ley along the ves t ibu to - sp ina l  t r a c t s .  It 
is concluded that the pathological ly  enhanced excitat ion g e n e r a t o r  fo rmed  in the la te ra l  
ves t ibu la r  nucleus as a resu l t  of d is turbance  of inhibition l ies  at the ba s i s  of the hyperac t ive  
de te rminan t  dispatch stat ion r e spons ib l e  for  the syndrome  of ves t ibulopathy.  
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The  pr inciple  of the de te rminan t  d ispa tch  stat ion (DDS) [2, 3] with r e s p e c t  to CNS pathology a s s u m e s  
that  pathological ly  enhanced exci tat ion g e n e r a t o r s  (PEEGs) can be fo rmed  in va r ious  pa r t s  of the nervous  
s y s t e m  through a d i s tu rbance  of the i r  inhibi tory m e c h a n i s m s  [2, 4, 5, 10]. Hyperac t ive  DDSs based  on 
P E E G s  conver t  a physiological  s y s t e m  in t0pa tho log ica l  and induce the development  of cor responding  neu ro -  
pathological  s y n d r o m e s  [4, 6, 7, 11]. 

Th i s  p a p e r  d e s c r i b e s  an a t tempt  to c r ea t e  a P E E G  in the ves t ibu la r  nucleus of the medul la  and thereby 
to produce  an exper imen ta l  ves t ibulopathy.  

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 200 male  albino r a t s  weighing 250-300 g. Te tanus  toxin (TT) was 
used to f o r m  a l o n g - t e r m  local d i s turbance  of inhibition [9, 12, 15]. Under  super f ic ia l  hexobarbi ta l  anes-  
thes ia  TT (dose 5-10 mouse  MLD) was  injected into the l a t e ra l  ves t ibu la r  nucleus (LVN) cor responding  to 
s t e reo tax ic  coord ina tes  P i0 ,  L 2, and H 7 [13]. TT was injected in a dose  of 5 "10 -4 ml by means  of a g lass  
mic rop ipe t  (d iameter  50#) glued to a Nichrome e lec t rode  (diameter  100/D, insulated except  a t  the t ip .  The  
Nichrome e lec t rode  was fixed in t h e a n i m a l ' s b r a l n  and was used fo r  e l ec t r i ca l  s t imulat ion of LVN and for  
coagulation with subsequent morphologica l  ver i f ica t ion  of the s i te  of TT injection.  The  an imals '  behav ior  
was recorded  on motion p i c tu re s .  
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Fig. 1 Fig. 2 

Fig. i. Rotatory movement after injection of TT into left LVN. Rotatory movement 
starts with tic-like motion of animal's head ipsilaterally and upward, and this is fol- 
lowed by rotation of the trunk toward the eontralateral side. 

Fig. 2. Rolling-over movement after destruction of left LVN. Destruction of LVN 
evokes a long disturbance of the animal's posture: animal lies on ipsilateral side. Un- 
der these conditions locomotion evokes rolling over to the opposite side. 

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

Injection of TT into LVN. TT was injected into the LVN of 145 animals .  The animals developed t ic-  
like movements  of the head toward the side of injection and upward 3-4 h after  the microinject ion.  F rom 5 
to 6 h after the t ic-l ike movements ,  the animal turned completely around the long axis of the trunk in the 
cont ra la tera l  direct ion.  The success ive  phases  of the an imal ' s  ro ta tory  movement  af ter  injection of TT into 
the left LVN a re  i l lustrated in Fig. 1. Initially the ro ta tory  movements  were  evoked only by specific ves t ib-  
ular  stimulation (rotation of the cage, shaking the an imal ' s  head, etc.); they were pe r fo rmed  slowly, and 
the animal turned over  once or  twice during one bout of movement .  At this stage, in the per iod between 
movements  the a n i m ~  showed no pathological features ,  its orientation in space was normal ,  and it moved 
about f reely .  In the la ter  s tages ro ta tory  movements  were evoked by var ious  stimuli,  the animal turned 
over  f rom five to seven t imes during each bout of movements ,  and it turned over  fas ter .  In the terminal  
stage the animal per formed rota tory  movements  virtually continuously. 

Elect r ical  Stimulation of LVN. Rotatory movements  s imi lar  to those descr ibed above w e r e  evoked 
in 15 intact animals by e lec t r ica l  st imulation of LVN. A single e lectr ic  pulse applied to LVN evoked a 
t ic- l ike movement  of the animal ' s  head upward and toward the side of stimulation s imi la r  to that developing 
in the f i rs t  s tages of  the vest ibular  syndrome following injection of TT into LVN. Stimulation Of LVN by 
a ser ies  of pulses  evoked a complete ro ta tory  movement ,  and the turning speed depended on the frequency 
and s t rength of e lect r ical  st imulation. Application of a ser ies  of pulses  (100/sec,  100 ttA) to LYN in the 
course  of 1 sec evoked a rotas movement in the animals  like the movement  in the late s tages of the 
pathological p r o c e s s  after  injection of TT into LVN. 
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Fig. 3. Di rec t ion  Of ro t a to ry  m o v e m e n t s  under  va r ious  expe r i -  
menta l  conditions: 1) ro ta to ry  movemen t  a f te r  inject ion of TT  
into left LVN; 2) ro ta to ry  movement  evoked by e l ec t r i ca l  s t imu-  
lat ion of left  LVN of intact  animal;  3) ro l l i ng -ove r  movemen t  and 
d i s tu rbance  of pos tu re  a f t e r  des t ruc t ion  of left LVN: 4) ro l l ing-  
o v e r  movement ,  d i s turbance  of pos tu re ,  and ro ta to ry  movemen t  
a f te r  pa r t i a l  des t ruc t ion  of left LVN into which TT  had p rev ious ly  
been  injected.  Ar rows  Indicate d i rec t ion  of rotat ion of trunk around 
long axis .  

E lec t r i ca l  Stimulation of LVN a f t e r  Inject ion of TT into the Nucleus.  An e l ec t r i ca l  s t imulat ion of LVN 
a f t e r  the fo rmat ion  of a P E E G  in the same  nucleus (15 animals) cons iderably  lowered the threshold  of e lec-  
t r i ca l  s t imula t ion  requ i red  to evoke ro t a t o ry  m o v e m e n t s .  A single pulse ,  which in the intact  animal  evoked 
only a sl ight mov em en t  of the head,  produced a full ro t a to ry  movemen t  1.5-2 h af ter  micro in jec t ion  of T T .  
During development  of the syndrome ,  p r o g r e s s i v e l y  weake r  single e l ec t r i ca l  s t imulat ion LVM was requ i red  
to evoke ro t a to ry  m o v e m e n t s .  

Des t ruc t ion  of LYN. In 25 intact  an ima l s  LVN was des t royed  by the action of the anode of a dc with 
a s t rength  of 5 mA for  10 sec .  The  ef fec ts  of des t ruc t ion  of LVN appeared  immedia te ly  a f te r  Injury:  The  
an imal  lay on the affected side and i ts  head and t runk were  turned toward the s a m e  side.  In the absence  
of ex terna l  obs tac le s ,  the a t tempt  to move  gave  r i s e  to continuous m o v e m e n t s  of rol l ing over  to the ips i la t  
e ra l  s ide.  The  success ive  phas e s  of the ro l l i ng -ove r  movement  of the animal  a f t e r  des t ruc t ion  of the left 
LVN a re  i l lus t ra ted  in Fig. 2. In an ima l s  with the ves t ibulopathy produced by  injection of TT into LVN, 
coagulat ion of that nuc leus  evoked the d i s tu rbance  of pos tu re  and ro l l i ng -ove r  movemen t  to the ip s i l a t e ra l  
s ide desc r ibed  above,  but in this case  the ro t a to ry  m o v e m e n t s  to the con t ra l a t e ra l  side caused by the PEEG 
In the remain ing  par t  of  the injured nucleus were  p r e s e r v e d .  To abolish the ro t a to ry  movemen t s  comple te ly ,  
cons iderab le  des t ruc t ion  of LVN by  coagulat ion with a cu r r en t  of 5 mA acting for  60-80 sec  was required.  

Inject ion of TT  into LVN thus evoked the appearance  of a spec i f ic  ves t ibu la r  syndrome .  T h e r e  is r e a -  
son to suppose  that T T  d i s tu rbs  inhibition in LVN in the same  way that it does in o ther  p a r t s  of  the CNS 
[2, 3, 5-7, 9, 11]. In the s y s t e m  of ve s t i bu l a r  nuclei ,  the t a rge t  for  the action of TT may  be s eve ra l  inhibi- 
tory  sy s t ems :  the s y s t e m  for  con t r a l a t e ra l  Inhibition of ves t ibu la r  neurons  [1, 19, 21], the s y s t e m  of in-  
h ib i tory  connections of the Purk in je  cei ls  of  the an t e r io r  and p o s t e r i o r  lobes of the c e r e b e l l u m  with second-  
a ry  ves t ibu la r  neurons  [14, 18], and the s y s t e m  of inhibi tory connections of the in te r s t i t i a l  nucleus of Cajal 
with ves t ibu la r  neurons  [16, 17]. Dis turbance  of the ba lance  of act ivi ty of the ves t ibu la r  nuclei  on the 
two s ides ,  caused by  the fo rmat ion  of a P E E G  in one nucleus,  probably  is  respons ib le  for  the p ic tu re  of the 
exper imen ta l  ves t ibulopathy obse rved .  The  format ion  of a PEEG in LYN gives r i s e  to forced p a r o x y s m a l  
ro t a to ry  movemen t s  toward the con t r a l a t e ra l  side (Fig. 3, 1). S imi lar  movemen t s  could be  obtained in the 
Intact  animal  by e l ec t r i ca l  s t imula t ion  of LVN (Fig. 3, 2). In these  expe r imen t s  the speed,  number ,  and 
f requency of the ro t a to ry  m o v e m e n t s  depended d i rec t ly  on the in tensi ty  of e l ec t r i ca l  s t imulat ion of LVN. 
In r e sponse  to s t rong e l ec t r i ca l  s t imulat ion,  the animal  p e r f o r m e d  a ro ta to ry  movemen t  identical  in all 
r e s p e c t s  with the ro ta to ry  movemen t  at the height of development  of the ves t ibulopathy evoked by injection 
of TT into LVN. Compar i son  of these exper imen ta l  data  indicates  that the PEEG in LVN during p a r o x y s m a l  
ro t a to ry  movemen t s  fo rmed  a synchronous  vol ley of impulses  t rave l ing  along the ves t ibu lo-spIna l  t r a c t s .  

The  d i f fe rence  will be noted in the c h a r a c t e r  of the ro t a to ry  m o v e m e n t s  caused by opera t ion of the 
P E E G  in LVN and the c h a r a c t e r  of the ro l l i ng -ove r  movemen t s  produced by des t ruc t ion  of LVN (Fig. 3 , 3 ) .  
In the f i r s t ,  the movemen t  was p a r o x y s m a l  and phas ic  in c h a r a c t e r  and between bouts  the animal  showed no 
pathological  f ea tu re s .  By con t ras t ,  a f te r  des t ruc t ion  of LVN the d i s turbance  of pos tu re  was tonic in c h a r a c -  
t e r  and, as Magnus [8] pointed out, the ro l l i ng -ove r  movemen t  a f te r  uni la tera l  ex t i rpa t ion  of the labyr in ths  
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is a dist inct ive locomotor  act pe r fo rmed  against the background of a pos tura l  d is turbance.  Probably  a f te r  
the format ion of a PEEG in LVN, the decis ive  ro le  in the organizat ion of ro ta tory  movements  is played by 
secondary  kinetic ves t ibu la r  neurons  [20, 22], whereas  the dis turbance of pos ture  af ter  des t ruct ion of LVN 
is due to a dis turbance of the balance of activity between secondary  tonic ves t ibular  neurons .  The  exis -  
tence of two largely  independent ves t ibu la r  sys tems  (tonic and kinetic) is i l lus t ra ted by the exper iments  
With des t ruct ion  of the LVN in which a PEEG had f i r s t  been crea ted  (Fig. 3, 4). in those animals a postural  
d is turbance  and ro l l ing -over  movements  toward the ips i la tera l  side evoked by des t ruc t ion  of the nucleus 
were  observed  together  with ro ta to ry  movements  toward the eont ra la te ra l  side caused by the  activity of 
the PEEG in the residual  par t  of the ves t ibular  nucleus.  Only af ter  considerable  des t ruc t ion  of an LVN in 
which a PEEG had been  c rea ted  were  the ro ta tory  movements  brought  to an end. This  fact  indicates  that 
fo r  a PEEG to opera te  in LVN, only a few of  the component units of the nucleus a re  n e c e s s a r y .  
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