
A Q U A N T I T A T I V E  E X P E R I M E N T A L  I N V E S T I G A T I O N  

OF T H E  V E S T I B U L O - A U T O N O M I C  R E F L E X E S  

B. I .  P o l y a k o v  UDC612.833.886-08 

Despite many investigations of the ves t ibulo-autonomic  reflexes,  only a very few have considered the re la t ion ,  
ship between the accura te ly  measured intensi ty of an adequate  stimulus to the vestibular analyzer  and the autonomic 
response react ion [2,5-7,9-11].  In part icular ,  the question of the threshold levels of adequate  vestibular s t imuli  
evloking autonomic reactions has not yet  been solved. Evidently, the lack  of information on this problem is due to 

the absence of suitable exper imenta l  techniques. 

The object  of the present invest igat ion was to de termine  the threshold values of an adequate  stimulus appl ied  

to the semici rcular  canals causing an autonomic react ion in rabbits, and also to study the qual i ta t ive  relationship be-  
tween the magnitude of the angular acce le ra t ion  and the autonomic response reaction.  

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

Apparatuses of the VU-2 and VU-3 types were used in the invest igat ion,  capable  of providing a wide range of 
angular accelera t ions  and veloci t ies  [1]. The  rabbit ,  fixed in a frame, was rotated at  a subthreshold angular a cce l -  
erat ion of 5 deg /sec  2 up to a constant angular ve loc i ty  of 5-180 deg/sec.  After a period of rotat ion at  uniform 

ve loc i ty  for 2 min, the stop-stimulus was given. The braking t ime  was 0.15 sec, corresponding to a negat ive angu- 
lar  ve loc i ty  of between 33 and 1200 deg/sec  2. 

Before rotation, during rotation at  uniform veloci ty ,  and for 30-90 sec after the stop-stimulus,  the pulse rate,  

the frequency and ampl i tude  of the respiratory movements,  and the maximal  ar ter ia l  pressure were recorded sep- 

a ra te ly  every 10 sec. In some animals,  the pressure was measured in the carotid ar tery exter ior ized in a skin flap, 
while in others i t  was measured in the brachia l  artery by means of a p iezoe lec t r i c  detector  [3]. The interval  be-  
tween two successive rotations was 2.0-2. 5 rain. The intervals between repeated invest igat ion of the same an imal  
were 1-3 days. The magni tude of the reflexes was judged by the difference between the indices before and after 
rotation. Sta t is t ica l  analysis of the results was by Student 's  method. 

Altogether,  252 experiments  were carried out on 101 animals ,  including 27 experiments on 9 labyr in thecto-  

mized  rabbits ( labyr in thectomy was performed by an opera t ive  method). 

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

Immed ia t e ly  after  the  stop-st imulus,  a visible change took p lace  in the ampl i tude  and frequency of the ani-  

mals '  respiratory movements  and changes were also found in the ar ter ia l  pressure. In the overwhelming majori ty of 
cases, the changes in respiration consisted of a decrease in ampl i tude  and a simultaneous increase in frequency of 

the respiratory movements.  The ampl i tude  began to change when the angular acce le ra t ion  was 66 deg/sec  z. With 
a further increase in the magnitude of the s t imulus ,  the ampl i tude  continued to fai l  unti l  respiration ceased t empo-  
rar i ly  when the angular acce le ra t ion  was 1200 deg/sec  2 (see figure, A). However, in some animals  an increase in 

the  ampl i tude  of the respiratory movements  was observed with or without a simultaneous slowing of their  frequency. 

Signif icant  changes in the frequency of respiration was observed starting from a stop-stimulus of 266 deg/sec  z 
and higher (P < 0.05). With an increase in the strength of the stimulus to 1200 deg/sec  2, a direct  relat ionship was 
observed between the magnitude of the stimulus and that of the response reaction. The respiration rate increased by 
58-83~ over its in i t ia l  level.  In a l l  cases, the duration of the reflex changes in respiration did not exceed the first 
10 sec after the stop-stimulus.  In the course of the exper iment ,  the in i t ia l  respiration rate  gradual ly  fell ,  on account 
of the prolonged (about 1 h) f ixation of the an imal  in the frame. However, the in i t ia l  respiration rate before 
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Change in ampl i tude  of respiratory movements in rabbits during the act ion 

of angular acce lera t ions  of different magnitude: A) normal conditions; 

B) after b i la te ra l  labyr inthectomy.  

app l ica t ion  of the threshold stimulus (266 d e g / s e J )  did not differ s ignif icant ly  from the respiration rate observed be-  
fore app l ica t ion  of max ima l  s t imul i  (800 and 1200 d e g / s e J ) .  

In no case were s ignif icant  changes found in the pulse rate. Possibly the s t imuli  appl ied  were not strong 

enough to cause this autonomic  react ion.  In addit ion,  the changes in the pulse ra te  could have been so brief in dura- 
t ion that  they were not detected by the method of analysis. 

The  changes in the ar ter ia l  pressure after s t imula t ion  of the vestibular apparatus were var iable  in character  

and not significant,  apart  from the reac t ion  to the stop-stimulus of 800 d e g / s e J ,  when during the first 10 sec after 
its app l ica t ion  a fa l l  of 12 mm in the ar ter ia l  pressure was observed. During rotat ion at uniform veloci ty  (for 10 sec 
before the stop-st imulus) no regular  changes were found in the ar ter ia l  pressure. 

During the further invest igat ion of the problem, a series of experiments  was carried out which differed from 

the first series in two respects: first, the ar ter ia l  pressure was measured for 1.5 rain after the stop-st imulus at inter-  
vals of 20 see (the first, third, fifth, seventh, ninth 10-see),  and second, the pressure was measured in the brachial  
ar tery and not in the carotid. In this series of experiments ,  the number of cases of a fal l  of pressure after rotation 

increased s teadi ly  with an increase in the strength of the stimulus. Meanwhile,  the number of cases when the pres- 
sure was unchanged b e c a m e  smaller .  The number of cases of an increase of pressure remained smal l  throughout, and 
showed hardly any change with an increase in the strength of the stimulus. Hence, when the pressure was measured 
in the brachia l  artery,  the ves t ibu lo-au tonomic  reac t ion  was revealed more c lear ly  than when i t  was measured in 
the carotid artery. This may he expla ined by assuming that the results of these measurements were influenced by 
ref lex changes in the c i rcula t ion arising following compression of the carotid artery by the cuff and associated with 
temporary interruption of the blood flow to the carotid sinus. 

A signif icant  fal l  in the ar ter ia l  pressure took place  during the first 10 sec after rotation, starting with an angu- 
lar  acce le ra t ion  of 600 deg / sec  z (the threshold leve l  of the stimulus). With an increase in the strength of the s t imu- 

!us, the magni tude of the react ion increased,  i .e . ,  a c lear  tendency was present for the ar ter ia l  pressure to fal l  after 
rotat ion,  corresponding to observations made by other authors [4,8,12, etc.]. The extent  of the fal l  of pressure was 
9.6-17.2% of the in i t i a l  value.  

Repetit ion of the same series of experiments  to de termine  the reproducibi l i ty  of the results revea led  higher 
values of the thresholds (for a change in the respiration ra te  600 deg/sec  z, for a change in the ar te r ia l  pressure, 800 
deg/secZ). Evidently the thresholds of the ves t ibulo-autonomic  reaction,  even in hea l thy  animals  kept in normal 
conditions, may vary widely.  Another factor which was possibly re levant  was that  this repeated series of experiments,  
unl ike the  first, took ptace  during the autumn-winter  period. 
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The autonomic reflexes described above did not develop in a l l  animals.  Of the 92 animals in the exper imen-  

ta l  group, no changes in the recorded autonomic indices were found in 17. In a further 14, the normal strength re-  
lationships were upset, for equal  reactions were observed to st imuli  of different strength, or a greater react ion was 

observed to a weaker stimulus. 

The results of the control series of experiments  on the labyr in thec tomized  animals  showed that  after b i la te ra l  

labyr in thectomy,  no signif icant  changes developed in the autonomic indices of the animals  studied in these exper i -  
ments in response to vestibular st imulation.  However, a change in the ampl i tude  of the respiratory movements was 
observed (see figure, B) although rather less in degree than in normal  animals.  This suggests that  the changes in the 
ampl i tude  of the respiratory movements observed in rabbits during the act ion of angular accelerat ions  are ex t ra laby-  

rinthine in origin and are only partly connected with s t imulat ion of the vestibular apparatus. 
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tions of the abbreviations as given in the original Russian journal. Some  or al l  o f  t h i s  per i -  
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