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Chronic exper imen t s  on rabbi ts  with e l ec t rodes  i m p l a n t e d  into hypothalamic and amygda la r  
s t r uc tu r e s  showed that  weak e l ec t r i ca l  s t imulat ion of the food center  of the l a t e ra l  hypothal-  
amus ,  giving a food r e sponse  to p r e l i m i n a r y  tes t ing,  induces marked  faci l i ta t ion of ves t ib -  
u lar  (especial ly  ro ta tory)  nys tagmus ,  whereas  s t imulat ion of the vent romedia l  hypothalamic 
nucleus inhibits it. The effect  of amygda la r  s t imulat ion was mani fes ted  more  often as fac i l -  
itation, but s o m e t i m e s  as inhibition of the nys tagmus .  The resu l t s  a re  evidence of the mod-  
ulating influence of the hypothalamie and amygda la r  motivat ion cen te rs  on the ves t ibu la r  
sys t em.  
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Recent  invest igat ions have shown the impor tance  of afferenta t ion f r o m  in te rocep tors  of the a l imen ta ry  
t r ac t  and the level  of food exci tat ion in the re f lex  regulat ion and functional tuning of the ves t ibu la r  s y s t e m  
!1, 2, 4, 5]. It was decided to invest igate  the effect  of a r t i f ic ia l  s t imulat ion of hypothalamie and amygda la r  
s t r uc tu r e s  d i rec t ly  concerned  with the fo rmat ion  of food motivat ions and with the regulation of food intake 
[6, 9, 10, 12, 13, 15, 17], on ves t ibu lo - somat i c  re f lexes  [ ro tary  (RN) and p o s t r o t a t o r y  (PRN) nys tagmus] .  
Such an investigation would also clarify certain mechanisms of interaction between the vestibular system 
and the autonomic nervous system and, in particular, with the parasympathetic and sympathetic hypothal- 
amic centers. This investigation was devoted to the study of these problems. 

EXPERIMENTAL METHOD 

Chronic expe r imen t s  were  c a r r i e d  out on adult cats  (2.8-3 kg) with e lec t rodes  (30-40 /~ in g lass  in- 
sulation) implanted into the motivat ion cen te r s  of the l a t e r a l  and vent romedia l  port ions of the hypothalamus 
and the amygda la r  complex  based  on coordinates  of a s t e reo tax ic  at las [19]. These bra in  s t r u c t u r e s  were  
s t imula ted  for  20-60 sec with square  pulses  (1-2.5 msec ,  100 Hz, 1-5 V) by a monopolar  technique. Af ter  
p r e l i m i n a r y  tes t ing of the behaviora l  r e sponses  the an imals  were  fixed to the p la t fo rm of an e lec t r i c  tu rn -  
table and ro ta ted  in the horizontal  plane up to an ass igned  angular  veloci ty  (180 deg/sec) .  Af te r  rota t ion at 
a uni form ra te  in a c lockwise direct ion for  20-60 sec ,  the turntable  was suddenly stopped ("stop s t imulus") .  
RN and PRN were  r eco rded  on the 4-t~]~G-I ink-wri t ing e lec t roencephalograph .  The expe r imen t s  were  c a r -  
r i ed  out in complete  da rkness .  The co rneo - r e t i na l  potential  was r eco rded  with needle e lec t rodes  inser ted  
into the skin at the angles of the eye.  The following p a r a m e t e r s  of RN and PRN were  studied: duration (in 
see) ,  number  of beats  in the nys tagmus  r e sponse ,  the ampli tude (in pV), the f requency (number of beats  pe r  
second),  and ene rgy  (in conventional units); the energy  of nys tagmus  is the product  of amplitude and f r e -  
quency ove r  a given per iod  of t ime  [3, 18]. 
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Fig. 1. Effect  of hypothalamic and amygda la r  
s t imulat ion on ves t ibu la r  nys tagmus in rabbi t s :  
A) RN; B) PRN; 1) initial nys tagmus response ;  
2) r e sponse  to e l ec t r i ca l  s t imulat ion of food 
center  of l a t e ra l  hypothalamus;  3) of vent romedia l  
hypothalamus;  4) of cent ra l  amygda la r  nucleus.  
Cal ibrat ion:  100 /~V and 1 sec .  
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Fig. 2. Changes i~ parameters 
of RN and PRN under the influence 
of st imulat ion of the la tera l  hypo- 
thalamus (A), the ven t ro -med ia l  
hypothalamus (B), and the amygdala  
(C). Mean changes given in % of 
control :  1) duration of nys tagmus  
response ;  2) number  of beats ;  3) 
f requency,  4) ampli tude,  5) ene rgy  
of nys tagmns .  

The scheme  of the exper imen t s  was as follows. Vest ibular  
nystagmus was r eco rded  in a rabbi t .  The region of the l a t e r a l  
and ven t ro -med ia l  hypothalamus or  of the corpus  amygdalo ideum 
f r o m  which behaviora l  r e sponses  had been evoked in that rabbi t  
to p r e l i m i n a r y  tes t ing were  then s t imulated.  Immedia te ly  a f te r  
(or during) s t imulat ion the ves t ibu la r  nys tagmus was again in- 
vest igated.  Usually five or  s ix  rota t ions  were  c a r r i e d  out in one 
exper iment .  The locat ion of the s t imulat ing e lec t rodes  in the 
b ra in  was ver i f ied  histological ly.  The total number  of expe r i -  
ments  was 72. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Electrical stimulation of the food center of the lateral hy- 
potha!amus, which evoked ar~ orienting and investigatory respolzse 
in previously fed animals, followed by searching for food and eat- 
ing it, led to a significant CP < 0.05) increase in the duration, the 
number of beats, and the frequency of the nystagmus (Figs. 1A 
and 2A). The amplitude of the RN was increased (by 21.6%) 
whereas that of the PRN was reduced (by 6%). Changes in energy, 
as a combined index of the intensity of the nystagmus, took the 
form of a significant increase (by 42%) for HN and a decrease 
(by 21%) for PRN. 

An increase  in the s t rength  of s t imulat ion of the la te ra l  
hypothalamus,  evoking r e sponses  of aggress ive  o r  defensive type 
in the rabb i t s ,  as a rule  led to inhibition of ves t ibu la r  nys tagmus .  

Stimulation of the ven t ro -med ia l  hypothalamic nuclei in 
fast ing animals  evoked an emotional  r e sponse  of re fusa l  of food 

during and for  20-40 sec a f t e r  the end of s t imulat ion;  in some exper iments  r e sponses  of pro tec t ive  type 
were  observed.  Exper imen t s  to study the effect  of s t imulat ion of the ven t ro -med ia l  hypothalamic nuclei on 
ves t ibu la r  nys tagmus showed that the effects  evoked dif fered sharp ly  f r o m  those of weak s t imulat ion of the 
l a t e ra l  hypothalaraus:  there  was a r egu l a r  dec rease  in all  p a r a m e t e r s  of RN and PRN (Figs. 1B and 2B). 
The ampli tude of the nys tagmus  fell  s ignif icant ly (by 12.8% for  RN and by 19.5% for  PRN), the durat ion,  
number  of  bea ts ,  and f requency  of  the nys tagmus were  reduced,  and the ene rgy  of the nys tagmus  fel l  (by 
18.7% for  RN and by 57.7% for  PRN). 

Rec iproca l  re la t ions  c l ea r ly  exis t  between the l a t e r a l  and ven t ro -med ia l  hypothalamic nuclei in the i r  
influence on the tuning of the ves t ibu la r  sys t em.  
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Stimulation of the nuclei of the corpus  amygdalo ideum (especial ly its baso la t e ra l  par t ) ,  which evoked 
r e sponses  r e sembl ing  au toma t i sms  of food or  defensive type (movements  of mast ica t ion ,  tapping with the 
paws,  etc.) in the rabbi ts  during p r e l i m i n a r y  test ing,  led in most  exper imen t s  to an inc rease  in the duration, 
tile number  of bea ts ,  and the ampli tude of RN (Figs. 1 and 2C); in some expe r imen t s  the inc rease  in ampl i -  
tude o c c u r r e d  10-15 sec  a f t e r  the beginning of rotat ion,  whe reas  during the f i r s t  few seconds the ampli tude 
of the nystagmus was reduced. The energy of nystagmus, especially RN, was increased, sometimes very 
considerably (for example, by 95% in rabbit No. 3 and by 58% in No. 4). After amygdalar stimulation the 
nystagmus, especially RN, often became irregular in rhythm and amplitude, and the peaks of the waves were 
sometimes bimodal and trimodal. The latent period of tile nystagmus response was increased almost three- 
fold compared with the control tests; during the first few seconds of rotation wandering of the eyes was fre- 
quently observed. 

The changes found in the nystagmus responses were of short duration; as a rule 5 rain after the end of 
electrical hypothalamie or amygdalar stimulation they were no longer detectable. 

It is an interesting fact that in a state of hunger (fasting for 24-48 11) such marked activation of ny- 
stagmus should occur in the rabbits. Electrical stimulation of the food center of the lateral hypothalamus 
evoked further facilitation of the nystagmus. A different picture was observed in rabbits immediately after 
taking food. In these animals, marked inhibition of vestibular nystagmus occurred after feeding (in the phase 
of "sensory satiation"). The amplitude and frequency of the oscillations of RN and PRN were significantly 
reduced and the duration of the response also was shortened. Changes of this type in vestibular nystagmus 
have also been observed previously in animals and man after taking food [5, 8]. In response to electrical 
stimulation of the food centers of the hypothalamus only slight changes took place in the nystagmus response. 

The modulating effect of the food center on the vestibular system is evidently of functional importance 
in the production of a state of "central motivation excitation" and the achievement of the result of a current 
behavioral act. There is nothing surprising about this ff it is remembered that notl only is the general level 
of motor activity increased in the hungry animal (for under natural conditions such an animal would have to 
hunt or seek food), but the tm]ing of its sensory systems, especially those with the function of orienting the 
eyes and head in space, is modified (to correspond to the current behavioral act), and their responses to 
specific sensory stimuli are rendered more acute. Results similar to those now described were obtained in 
experiments conducted in Anokhin's laboratory [6, 7]. It has been shown, for example, that stimulation of 
the food center of the lateral hypothalamus considerably increases the ability of visual cortical neurons to 
converge excitation of different modalities and increases the powers of discrimination of the central visual 

sys t em.  

The hypothalamus and corpus  amygdalo ideum probab ly  exe r t  the i r  influence on the ves t ibu la r  s y s t e m  
through the mesencepha l ic  r e t i cu l a r  format ion ,  the modulating effect  of which on ves t ibu la r  nuclei and on 
the ves t ibu lo-ocu lomotor  s y s t e m s  has been descr ibed  p rev ious ly  [14, 16]. The "sympathe t ic"  region of the 
hypothalamus has been shown to be c lose ly  connected with the ves t ibu la r  nuclei  through the dorsa l  longitu-  
dinal fasciculus [Ii]. 

Analysis of the results of the present experiments also suggests that activation of the "parasympa- 
thetic" regions of the hypothalamus evokes facilitation of vestibulo-oculomotor responses, whereas stimu- 
lation of the "sympathetic" regions inhibits them. In this respect the present results are in a large measure 
of agreement with those of some previous investigations in which neurotropic drugs were used to analyze the 
central mechanisms of vestibular nystagmus [2, 3]. The further study of the effectiveness and the character- 
istics of the central autonomic influences, particularly those of the limbic structures of the brain, on the 
vestibular system will shed further light on the mechanisms of motion sickness. 
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