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Studies on the Interrelationship between the Vestibular Semicircular Canals
and the Extraocular Muscles in Rabbits and Cats

Jeh Hyub Kim, Byung Rim Park and Chul Soon Park

Department of Physiology, Chonnam University Medical School
Kwangju, Korea

The present experiment was carried out, in the rabbit and cat, in order to explore functional
interrelationship between the vestibular semicircular canals and extraocular muscles, which are
involved in the vestibulooculomotor reflex as the receptor and effector organ respectively. Semicircular
canals were subjected to electrical stimulation, lymphatic fluid flow or acute freezing, and responses of
the extraocular muscles were recorded in terms of changes in electromyographic activity and isometric
tension.

Electrical stimulation of a unilateral canal elicited contraction of the superio-medial muscle group
(superior oblique, superior rectus and medial rectus muscles) in the ipsilateral eye and the inferio-lateral
muscle group (inferior oblique, inferior rectus and lateral rectus muscles) in the contralateral eye. Thus
a simple and distinct axiom was found in the pattern of the reflex-response of the extraocular muscles.
Inhibition of the unilateral canals elicited the extraocular muscle responses contrary to those observed
by excitation of the canal.

Based on the present experimental results, it was demonstrated that the functional interrelations
between the semicircular canals and extraocular muscles are rather equivalent in the frontal eyed cats
(with binocular vision) and lateral eyed rabbits (with monocular vision). Therefore the previous thesis

that the vestibuloocular relations vary from species to species awaits experimental reevaluation.

Key Words: Vestibuloocular relation, Vestibuloocular reflex, Eye movements, Extraocular muscles,

Semicircular canals
RIES] AT $HE | 283l MRk WabA g
] ] AEsol ob7ls el ol % RiEBEIRR sl dh o
< =49 4L o] AA o] YAz
AAZL AL off HiES dod SAZol sfet A HAF AEF o2 YL $A4)7)7] A3 2A|
*o] B 19865 Fa¥ AFAM dedT =4y ZHFAEL] d#Moz ZFEHI Y}(Jonkees &
o o3l A7 =g, Hulk, 1950; Ito et al, 1973; Cohen, 1974; Wilson,



—d e e ;A2 A5 1987—

1975; Baloh et al, 1982),

- o] ubtt 2o 7 ofy|sl v AAHMTUAE 9
3 A77 9 EejE shetdlr] flsted & 7 dbtat
& AR R AFs FEAIAY JAA7I2
o] o [REKEEIRNA &jtZ o W& WA=z
A 487191 7+ ubtaat 77191 74 JE7Ee 7
54 A4 VY 27C 227} gle(Suzuki et
al. 1964; Kim, 1974; Kim, 1976; Kim, 1977),

o]2] gt E-& L 934 Szentagothai(1950) <] 7
HAolm 7249 Ao olo] Be ATAE 2L
a7} 9l em 25 Cohen et al(1964, 1965) 2 +2
FH (A FE) A FHL ATE F99 B
€ AAE LF3P e ol o] Hokd] AT =¥
ol g ¢l &= gich, =3 & w4 Kim(1974,
1976, 1977) & FFE (HAAIAE T4 7t F3
A7) FHo 2 oprE| 9ekEe & F3sle
dbt ek 9okt 7)5 A ABAE AAIE H gl
o1 o] & Cohen et al(1964, 1965) 2] FRifol A1 9]
aob vl ad af el Aolrt S A B
g Suzuki et al(1964)-& AUAAA FEU TS
kA A FEQl KRl LI wtRAA AF
o w}e} of7| 5= oFE-EEe Wike] A3 A 3}A
B3e AHHAT o % FETIoNE MR
(vestibuloocular relation)of] #}o]7} 91-& & oz}
duid o 2 FEo] Fof whet A FTFAAA Aol
7} glejet FE313ct,

FHZ o]ol dksled Y4 A5 (Graf & Simpson,
1981; Simpson & Graf, 1981)-& Alo}3l 9] &7
oA AAHFHAA 2318 FL4E AL FRE
v} 9l & Kim(1974, 1977)2 Cohen et al(1964,
1965) o} Fahol o) AHAAE g3l o] EA<
o] JgS AAFFozd afe] APAAE:
AgA e /7 dlegfet 5 volrt Filst
KFNA = whtaa) kg A7 she A AT
Ae 2318 FL3slel=t Bkt

FRAAE 24 BHEPHES =347 ¥ 4+
Yeo= 7 dbatel AWAQl ATl 7Aedht
(Kim, 1968), FitiolAle ZE FA 4ol MR
B ATl fxgozA 7 dtae A
o] ks Zakte] delA lord (Tokumasy,
1971), ae2A o] F-EE A3 AdolAe Z+ il

o A 7ol QoM 257t g A= 3l
ok, :
AAS-E Fhfiol A FALTRT R PRE] B
& g 23 A3 Azl o] glgel &
akated of Fubt(FHY) e =247 o]
TFae A& A7 AFaAY, BERERES T
3¢ oA AT €718 B3] Tkt 9
Az 715d BAE T8 4 3iger o&F
FRANA L A} vl st o] FF Tl AA
@Al Aol 7t YA E AR Bykw, =¥ A
Aubtae] QAR E3E doq FHoz dF ¢
Fae F53 YEARE 9 k2 e W
st} Agd 7 ubtadel £44 Eape} vlas &
oz4 99 YE AT A7l HI I

REF &
L AEHEE A ok

Kb A7 R (1.5~25 ke) 205 9 5 (2
0~35kg) 2055 48 FHglo] AgAG e F
8 A7 50l A4 FEE AEa7] Astel 24
WAl EEE 2ol HA4 F A BH
of wgaAdel AR5 2 FEE AGelA A
Jaeh. £EE AF ke 159 urethaned ol7)
Houio] Zsted whaslglom, B ool atet 43

o) urethane® 37} ol %7} Fejshgich,
2 MESRES =& ¥ MK

KRE REMIZ 1A Fiic HEMIE 24
3} Alellol| 4] Anderson & Gernandt(1956) 2} ol
@} Folol AET] 2, TAHE, 04T 58
AAR B BFHES coho] B Ao Pulol
Kim(1968) o] ol weh ol A9 AT A3t
of paraffine 2 RS F2 ATE AFo2 ¥
goe], ohE shie] AT ALl 4 DA
AFA Fn FAAFoz g, AVAFE 01
msec?] T3S 240Hze] vl 2 slsigled, 2
AZAEE 329 1.5~3.008) Mol glolz
245t} (Kim & Partridge, 1969),



—&EFS 2N KR D Tl oA RIESRET SHEGS ARl MY HR—

3. #REN Ymeyol &

2 249 Lee(1974)0] 5l AEH it
o £35S ARG F ARl S
e o) 3L BB 27G FAAY ULE A
‘%}'GM ghE cannulag o - whako. 2 Akqlsled 3
A paraffin® 2 3174 35}3. o] cannulaci] polyethylene

E)

catheter 2.4 Hamilton microsyringe (50 ul, Hamilton
Co)E 5] $2 1-2ule] Bh ol & Hrhy 3o
258 F24)7 ampullofugal flowE o771},
o -8 F3te] 329]3}o] ampullopetal flowE ¢ o
Z et

4. PHE| FAYE

2EAAT A7l 43 H5 Freon(CCLF,)
B A7) B AR5 gasE B-ALA| A FE31A W54
Zch(Sub, 1975), oju FAL7[ellA] ¥j£& == Freon
gast 7He X 7198 FHHEF ot gas7t A
Sollst AFHEE sl o] FA] o3 AA7
o E2|F 5L wiA| skt Freon gasE- o3
U Az Aol Ralsbd 2 &5 7} —40°C7A] 8
Aol dedA U,

5. gletel Y 3 WL

TES REMLE 2AAATFT QAL A
£ AATA %] YEEE AAHD 2T 9
28 =25, d2e 1L /1%L Wt
U Ayl AFAE R AT
Isometric force transducerol] o 733}od obZ2] 4+
ol olhos HAHE FEIo WL A G ahslch

(Barmack et al. 1971), =3} o} 9] ZHEE 7 &

%

]
2

:_,0_.

Nl:lri

¥ u] += Basmajian(1972), Basmajian & Stecko
(1972) ] uh4jo] whe} ko] ZZhol] gake] ulAl
3 AA2L Al nAAAF L T4 24 High gain

AR 2YFHE FIHE
Physiograph (Narco Biosystems Co.) Aloll 7] 2-3}4]
0.03 secE 3}c}.

preamplifiero]]

©on], o]d time constanti

6. Integrated EMG

AR 715l Y014 2R e
no} golshl Wkat] Aol Wzt

integrated

EMGE FAlol 715313 d & 24 =4 preampli-
fier of EMG integrator coupler (Narco Biosystems
Co)% A7 5] integrated EMGE 7| &3}gl o
=9 EFAo] Frld wle ZAo] ALy, 74

2 9 4ol HAHES gt

R B A K

L RRE =it $REME WA
gt vtS

FRolA 9% el Ao (A2 A2
WAEs} A, e o) S doied 2 4
43} THEE SA0) 7| S 7, % Y kFES
RETEE 77 A7 AF5 ] F2A712 olof o)
@ 05-¢ Bue wsich WA WeEe] A, F
SHPTFRAAE ATFoe] FEARE W 442,
WAE 9 4AEs 25A9E 2 A% (amplitude)
4.5 (frequency) 7} ZHa3}31.em olo] Y5}l
TR FA o] ez dARe P (1B E
2913, BT AT, 42T Y 2L 5
A9 A5k e Sobastent A3ae 44

_u

) 95t orz}—aRIR) )
5(E)E 540l 1 2a4, AL 22 A
AAZ(LAC), BE 35 FAFRAAAT
(LPO), C¥ B 43 4FBAA AT (LHO) ol o)
% 8¢ A7 sk,

2. il AT RPAEWE |
130l st vhg

FHS) A% ol el 24 AT gL
SA0l F1 2N BEMERE A7 ATl G
He-2 B 5 4aA2, WAAT, 2E 4
FA29 B3¢ A% FAol A SN T2ol}

g o o
2 e
[¢]

0,
> T
S ol
No¢
)
2]
';c

22

P



3

—dAe A AN A5 1987

I———/_\—— - —

ERIR ' .

Fig. 1.
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Responses of the vertical rectus muscle pair to stimulation of the contralateral canal nerves in
rabbits. A, stimulation of the left anterior canal nerve (LAC); B, left posterior canal nerve
(LPC) ; C, left horizontal canal nerve (LHC) ; RST, right superior rectus muscle ; RIR, right
inferior rectus muscle ; E, electromyographic activity ; T, electromyographic tension. The
horizontal lines represent stimulation period. Intensity of the stimulation was varied arbitrarily
to obtain adequate amplitude of the responses, and frequency and duration of the square waves
were fixed at 240Hz and 0.1 msec respectively.
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Responses of the rectus muscle pair to stimulation of the ipsilateral posterior canal nerve in
cats. A, responses of a vertical rectus muscle pair ; B, responses of a horizontal muscle. pair ;
RSR, right superior rectus muscle ; RIR, right inferior rectus ; RMR, right medial rectus ; RLR,
right lateral rectus ; RPC, right posterior canal nerve. Other notations are the same as those in
the Fig. 1.
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Responses of a conjugate (horizontal rectus) muscle pair to lymphatic fluid displacement in a

posterior canal in cats. A, responses of the left lateral rectus muscle (LLR) to ampullofugal
flow ( Af) and ampullopetal flow (T Ap) in the ipsilateral (left) posterior canal (LPC) ; B,
responses of the right medial rectus muscle (RMR) to the bidirectional flow (t Af & 1 Ap) in
the same posterior canal (LPC). Other notations as in the previous figures.
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A, response of the right superior rectus muscle (RSR); B, response of the

RVF
Fig. 4. Responses of the unilateral rectus muscles to acute freezing applied to the ipsilateral vestibular
organ in rabbits.
right medial rectus muscle (RMR); RVF, acute freezing applied to the right vestibular organ.
The horizontal lines indicate the periods of spraying Freon-gas.
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Responses of the unilateral rectus muscles to acute freezing applied to the contralateral vesti-

bular organ in cats. A, response of the right inferior rectus muscle (RIR); B, response of the
right vestibular organ. The horizontal lines indicate the periods of spraying Freon-gas.
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Fig. 6. Diagrammatic comparison of the ocular muscle responses to excitation of the semicircular
canals according to the previous authors. S, the canals stimulated are shown black; A, the
horizontal canal stimulated; B, anterior canal stimulated; C, posterior canal stimulated; R,
right ; L, left ; T, ocular muscle responses according to Cohen et al. in cats (1964); U, responses
according to Kim in rabbits (1974); dotted ocular muscles indicate the excitatory responses
(contraction).
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Fig. 7. Comparison of the ocular muscle responses to excitation of a unilateral posterior canal accor-
ding to the different authors. "A, ocular muscle responses - according to Cohen et al. in cats; B,
response according to Kim in rabbits; C, responses according to the present authors in cats and
rabbits; S, the stimulated canals are shown black; T, dotted ocular muscles represent excitatory
responses (contraction).
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