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At present there is no agreed opinion as to whether the rapid component  in vestibular nystagmus is anything 

more than a compensatory eye movement  which depends ent i rely upon the slow component,  or whether there is a di -  
rect  relationship between the rapid component and the vestibular apparatus. We have found that during nystagmus 

the rate of the rapid component  reaches its maximmn value  ear l ier  than does the rate of the slow component,  after 

which a period follows in which the rate of the rapid component  is reduced. The min imum rates of the rapid com-  
ponent occur at the same t ime as the maximum veloci t ies  of the slow component  (Fig. 1A). Later, when the rate of 

the slow component has fal len the rate of the rapid component  has again increased. These effects were found to oc -  

cur regularly and at corresponding t imes in various anhnals.  

The idea has been put forward that these changes might  be related to a system having character is t ic  temporal  
characterist ics,  i .e. ,  re la ted to the ampullary apparatus whose action resembles that of a damped torsion pendulum 
[11, 12, 14]. If we suppose that the rate  of the rapid component  is to some extent  determined by the position of the 
cupula, then this rate should depend on the flow of afferent impulses from this receptor. There is e lect rophysiological  

evidence that the def lect ion of the cupula is associated with a change in the frequency of afferent impulses [7]. The 
frequency of the impulses is proportional to the angle of deviat ion of the cupula [13]. Thus, in the flow of afferent 
impulses induced by a postrorational ampul l ipe ta l  d isplacement  of the cupula there wi l l  be a single maximum.  We 
may suppose that this highest frequency i tself  corresponds to the greatest rate of the slow component.  The rate of the 
rapid component  during the same period is twice as great. On this account the idea was put forward that there is an 
opt imal  frequency for the rapid component,  i .e. ,  a frequency which evokes a rapid component of maximum rate. If 
this opt imal  frequency is less than the greatest  frequency of the range generated by the receptor, then in the post ro-  
ta t ional  flow of afferent impulses it should be observed twice: once in the period before the maximum deviat ion of 
the cupula, and once in the period of return of the cupula to the original  position. The rate of the rapid component 
at  a frequency greater than the opt imal  frequency should be reduced. 

The object  of the present investigation was to confirm this theory exper imenta l ly .  We have a t tempted  to de-  
termine whether the rapid component  depends upon the frequency of afferent impulsation, and if there is such a de-  

pendence to find whether there is an opt imal  frequency for the rapid component.  

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

We carried out 12 acute  experiments on adult  rabbits. The animal  was fixed to a stand with a special  head-  
holder,  and a fenestration of the horizontal  semici rcular  canal  was performed under amyta l  and loca l  novocailae 
anaesthesia.  A bipolar  e lec t rode  having an interelectrode separation of 0.1 mm was introduced into the canal  in the 
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Fig. 1. Mean results of the rate of the rapid (1, 

black symbols) and of the slow components (2, 

Iight symbols) components of vestibular nystag- 

mus after stimulation (A) and nystagmus during 

electr ical  stimulation (B)~ Square, triangle, 

c i rc le-success ive  experiments on 1 animal,  

In both drawings the ordinate represents the 

ratio of the velocity of each of the components 

to the maximum velocity. Abscissa: A) t ime 

from start of nystagmus until  the transiition of 

the slow component into the rapid component; 
B) frequency of stimulation. 

direction of the ampulla.  The experiment was started 5-7 h after 

the anaesthesia had been given, and after recovery from it. A 

volley of 0.2 msecond square-wave stimuli lasting 5 sec was ap- 

plied via the electrode. We determined the min immn voltage 

necessary to el ic i t  a nystagmus directed towards the side of the 

stimulated labyrinth. The frequency of impulses was 10, 20, 30, 

40, 50, and SO per sec. These freqnencies were within the range 

corresponding to afferent impulsation in the ampullary nerve [8, 

9]. The stimulation was repeated several times, and the sequence 

of frequency changes was random. 

To record the nystagmus we used a photographic method 

[1]. Stimulation of the receptor is a "release mechanism" of 

vestibular reflexes [5], and therefore, on the assumption that the 

nature of the stimulus will affect principally the ini t ia l  part of 
the nystagmus reaction, in every case we made measurements on 

the first 2 nystagmic movements which immediate ly  followed 

the onset of stimulation. After measurement of the actual velo- 

cities of both components we calculated their mean value for 

each freque~cy of st imulation in each experiment,  and then ex- 

pressed them in relative units. The results of the different exper- 

iments were then combined for a statistical evaluation [6]. 

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

After the action of the anaesthetic had worn off we observed 

a nystagmus which was due to trauma and was directed towards 

the side of the operated labyrinth, h~ c l in ica l  terms this would 

be calied a "nystagmus of st imulation" (here and below the di-  
rection is described in terms of the rapid component). Later we 

observed a "deficit nystagmus" directed towards the intact side. 

ha most of the experiments stimuiation was applied after the ny-  

stagmus had ceased and when the eyes were motionless. 

The results of the experiments are given in the table. Stimulation evoked a horizontal nystagmus directed to-  

wards the stimulated labyrinth (animals Nos. 1-8). The latent period varied between 0.:3 and 3 sec. Sometimes the 

stimulation caused only 2-3 nystagmic movements, bat in most cases the nystagmus lasted throughout the whole period 

of st imulation and contiuued for from 1-2 sec to 1 rain. If st imulation was applied during a nystagmus already pres- 

ent the nature of the nystagmus was altered, both components being affected (animal  No. 10). The "deficit nystag- 

mus" was inhibited by stimulation, and in some cases its direction was changed (animals Nos. 11 and 12). After the 

end of stimulation the "deficit nystagmus" was renewed in the original direction, ta~ one experimem (animal  No. 9) 

s thnulat ion evoked an irregular deviation upwards of the eye on the stimulated side, while the opposite eye deviated 

downwards. This effect appeared to be the resuIt of stimulation of vestibular receptors resulting from excessively 
deep implantat ion of the electrode. 

The results given in the Table indicate that in experiments in which the nystagmic reactions were present over 

the whole frequency range of stimulation (or over most of it) there was an optimal frequency for the rapid component 

(animals No 1-7, and 10). Figure 1 shows the result of an experiment which may be considered t yp i c a l  It gives 

the results of the measurement of the nystagmus after-effect  from its onset until  the slow component attained its max-  
imm~l value (A); it also shows the rates of both components for various frequencies of stimulation (13). ru~ this experi- 

ment  the optimum frequency is that which elicits the maximum velocity of the rapid component (80 impulses/sec). 
The difference is significant at frequencies of 20 and 30 impulses/sec, and even for frequencies of 30 and 60 im-  

pulses/sec (P< 0.02). The velocity of the slow component was increased with increase of frequency of stimulation. 

The difference in the optimal frequencies in the different experiments may be attributed to the level of the in-  
nate or "residual" [4] impulsation in the ampullary nerve at the moment  of stimulation. The min imum optimal fre- 
quency occurred in the experiment with animaI No. 10, when there was enhanced activity, as shown by the direction 



Results of Experiments with Rhythmical Electr ical  St imulat ion of the Ampullary Receptor of the Horizontal 

Canal  
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* The opt imal  frequency is designated as that  at which the rate of the rapid component  evoked by s t imula-  

tion was greater than at  adjacent  frequencies in the range (lower and higher frequencies). The - sign indi-  
cates experiments in which no opt imal  frequency was found. 
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Deviat ion from fopt 

Mean resutts giving the relationship of (1) 
the rapid and (2) the slow components of nystagmus 
to the frequency of e l ec t r i ca l  s t imulat ion of the 
ampullary apparatus (rabbits Nos. 1-2, 10). Ab- 
scissa - frequency of s t imulat ion in re la t ive  units; 
frequency measured as deviat ion from opt imal  fre-  
quency fopt- Ordinate - ratio of rapid to slow 
components.  

of the in i t ia l  nystagmus. In 2 experiments in addition to an 

increase in the speed of the rapid component  which occurred 
in the middle  of the st imulus-frequency range we also found 
an increase in veloci ty  in the case of the highest st imulus- 
frequency value used in the experiment .  

Figure 2 shows the lumped results of 8 experiments in 

which there was an opt imal  frequency for the rapid compo-  

nent. The rates are given in re la t ive  units. In contrast to 
Fig. i the veloci t ies  at  the opt imal  frequency in each exper t -  
ment  are taken as the unit for the rapid and for the slow com-  
ponent. The difference between the opt imal  frequencies in 

the different experiments  is e l imina ted  by the use of a common 
abscissa in which the middle  of the frequency range is the op- 
t imal  frequency. The mean difference in the veloci t ies  in 
the rapid component  and the opt imal  frequency and at the 2 
adjacent  frequencies differing by 10 impulses per sec is statis- 
t ica l ly  significant (P<0.05 and is less than 0.01). In the curve 
of the veloci ty  of the slow component  the mean difference in 
the levels for the least  and opt imal  frequencies is significant 
(P< 0.02). 

In our use of e lec t r ica l  s t imulat ion we were guided by 
the idea that although the labyrinth and cupula did not re-  
main intact  during introduchon of the e lec t rode  the nervous 
terminations of the amputlary nerve remained sensitive to the 

stimulus from the e lec t rode  immersed in the fluid of the labyrinth; subsequent microscopic observation showed that 
the cupula was in no way damaged.  As a result of s t imulat ion of the ampul lary  nerve a discharge of impulses syn- 
chronous with the stimulus frequency should be generated.  In other words the exper iment  may be regarded as a close 
model  of afferent s t imulat ion from the ampullary nerve induced by varying degrees of d isplacement  of the eupula. 



Of course this is only a rough approximation.  We may note that the chief  difference between our model  and the 

normal functioning of the receptor is that in a normal ampul la  the mechanism operates by virtue of impulses at  dif-  

ferent requencies.  In our exper iment  we used only a single frequency. However, the model  has supplied the answer 

to the problem to be investigated.  The rate of the rapid component  depends upon me frequency of tl~e afferent i m -  

pulses, and me relationslaip is more complex than in the case of the slow compo~erm 

Resutts obtained m the present investigation agree with those obtained by L V. Orlov [2, 3] which indica ted  
that the contra la tera l  and [psilateral  neck muscles of the pigeon were related in different ways to the frequency of 
labyrinthine e lec t r i ca l  s t imulation.  

It is widely known that there is a differe~me in the opt imum frequencies. It seems to us that  the fact of pr inci -  
pai impor tance  is not so much the existence of a frequency opt imum so much as that the relationship is different for 
the sIow and the rapid components: whereas the speed of the slow component increases with increase of frequency,for 
the rapid component  there is a frequency opt imum which el ic i ts  maximum veloci ty  of movement .  This last fact  in-  
dicates that both components are d i rec t ly  l inked with the vestibular apparatus but that the linkages are ana tomica l ly  
and functionally distinct.  

S U M M A R Y  

In acute  experiments on rabbits nystagmus was induced by rhythmical  e l ec t r i ca l  s t imulat ion of tile ampullary 

receptors. Square-wave st imuli  at  10-60 impulses per sec were appIied by means of a bipolar e lect rode inserted in 
the ampul la  of the horizontal  semici rcular  canal.  The nystagmus was recorded by my own photographic method, and 

the results were analyzed s tat is t ical ly .  The ratio of the speed of the fast and slow components of the nystagmus to 

the stimulus frequency was determined.  It was found that for the fast component  there was an opt imum stirnulus fre-  

quency. The speed of the slow component  continued to increase with increase of frequency. The results are in line 
with data on the analysis of nystagmus following s t imulat ion and show that there is a direct relationship between the 
rapid COl-nponent of the nystagmus and the vestibular apparatus. 
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