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Excitatory Effect of Vestibular Canals on Extraocular Oblique Muscles in Rabbits

Jeh Hyub Kim, M.D., Byung Rim Park, M.D. and Won Sik Gill, M.D.

Department of Physiology, Chonnam University Medical School, Kwangju, Korea

The present experiment was carried out to elucidate interrelation between the vestibular
canals and the extraocular oblique muscles. In urethane anesthetized rabbits, excitatory or
inhibitory effect of the canal was produced by three different methods; setective electrical
stimulation of the ampullary nerve, bidirectional (ampullofugal or ampullopetal) lymphatic
fluid flow, and rapid freezing of the canal. Changes of isometric tension as well as electro-
myographic activity of the oblique muscles were recorded in the ipsilateral and contralateral
eyes, by means of a polygraphic recorder, and the following results were obtained.

1) Electrical stimulation of a unilateral vertical or horizontal nerve caused contraction of
superior oblique muscle and relaxation of inferior oblique muscle in the ipsilateral eye, and
contraction of inferior oblique muscle and relaxation of superior oblique muscle in the
contralateral eye.

2) Ampullofugal flow in a vertical canal and ampullopetal flow in a horizontal canal caused
the oblique muscle responses which were identical to those responses produced by the
electrical stimulation of the same canal nerve,

3) Rapid freezing of a vertical canal elicited the oblique muscle responses which were
opposite to those caused by electrical stimulation of the same canal nerve.

From the above experimental results, functional interrelation between the individual
vestibular canal and bilateral extraocular oblique muscles were better elucidated. When these
results were compared to those reported by previous investigators (Utzumi, Suzuki et al.),
some important discrepancies were found between them. We ascribed such discrepancies to
experimental errors of the previous investigators, since their results reflected theoretical

contradictions in terms of vestibular eye movements,
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Fig. 1. Reflex responses of the extraccular muscles to vestibular anterior canal excitation.

A, the oblique muscle responses to the ipsilateral (a) and contralateral (b) anterior canal nerve
stimulation; RSO, right superior oblique muscle; LIO, left inferior oblique muscle; RAC, electrical
stimulation of right anterior canal nerve; horizontal line (—) represents the period of electrical
stimulation; B, the same oblique muscle responses to lymphatic fluid flow in the ipsilateral (a) and
contralateral (b) anterior canal; fRAC, ampullofugal flow in the right anterior canal.
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Fig. 2. Reflex responses of the extraocular oblique muscles to vestibular posterior canal excitatiom.
A, the oblique muscle responses to the ipsilateral (a) and contralateral (b) posterior canal nerve
stimulation; RPC, electrical stimulation of right posterior canal nerve; LPC, electrical stimulation of
left posterior canal nerve; B, the same oblique muscle responses to lymphatic fluid flow in the
ipsilateral (a) and contralateral (b) posterior canal; ?fRPC, ampullofugal flow in the right posterior
canal; 1fLPC, ampullofugal flow in the left posterior canal; other notations as in the previous figure.
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Fig. 3. Reflex responses of the extraocular muscles to vestibular horizontal canal stimulation.

A, the oblique muscle responses to the irsilateral (a) and contralateral (b) horizental canal nerve
stimulation; RHC, electrical stimulation of right horizontal canal nerve; LHC, electrical stimulation
of left horizontal canal nerve; B, the same oblique muscle responses to lymphatic fluid flow produced

in the ipsilateral borizontal canal;
canal;
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1 pRHC, ampullopetal flow in the irsilateral (right) horizental
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Fig. 4. Ra=flex changes of ths tension and EMG activity of the right inferior oblique muscle in response
to lymphatic fluid flow in the two vestibular canals composing .a functional. pair; A, response of the
right inferior oblique muscle to ampullopetal flow in the right anterior canal (1 pRAC); B, response of
the same oblique muscle to ampullopatal flow in the left posterior canal (1 pLPC).
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Fig. 5. Reflex changes of the. tension and EMG activity of the right inferior oblique muscle in response
to rapid freezing (A) and electrical stimulation (B) of the ipsilateral posterior canal; FRPC, rapid
frezzing of the right posterior canal; RPC, electrical stimulation of the right posterior canal nerve.
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Table 1, Comparison of experimental results of previous and present authors

Canal Stimulated Anterior Canal

Posterior canal Horizontal Canal

Eye-laterality

Authors IPSI CONT 1PSI CONT 1PSI CONT
Utzumi S.0. 1.0. S.0. S.0.
Suzuki et al. 1.0. S.0. 1.0. S.0.
Ito et al. S.0. 1.0. S.0. 1.0.
Present Authors S.0. 1.O. S.0 1.0. s.0. 1.0.

Extraocular oblique muscle which revealed excitatory reaction{contraction), in response to each canal
nerve stimulation, are shown according to experimental results of each author; the antagonist muscle
to the ocular muscle shown in the table is expected to reveal inhibitory reaction(relaxation); I1PSI,
ipsilateral; CONT, contralateral; S.0., superior oblique muscle; 1.0., inferior cblique muscle.
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