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Tension and shortenmg velocity of slow muscle fibers of cat extra-
ocular muscle Hisashi KIMURA (Department of Physiology, Kawasaki Medzcal School,
577, Matsushima, Kurashiki, 701-01, Japan)

Tension and shortening of the extraocular muscles were investigated with the aim
to evaluate the contribution of the contraction of the slow muscle fibers to that of
the whole muscle. The muscle was stimulated either massively (massive stimulation)
or at one end (point stimulation). When the muscle was stimulated at one end, the
slow muscle fiber would not develop the tension. Let the tension developed by the
massive stimulation be M and that by the point stimulation be P, then (M-P)/M,
slow fiber ratio, would indicate the degree of contribution of slow muscle fiber to
the whole muscle. The slow fiber ratio in tetanus was, 8.1-232; for the inferior oblique
muscle, 24-30% for the lateral rectus muscle and less than 5 % for the retractor bulbi
muscle. The shortening velocity under a small load was independent of the mode of
stimulation. The evidence indicates that the resting slow muscle fibers do not act as
the resistance against the shortening of the twitch muscle fibers. When the inferior
oblique or lateral rectus muscle was stimulated for long time, the tension showed-
two peaks., The interval between them was 6-10sec and the amplitudes were nearly
comparable. (J. Physiol. Soc. Japan (1980) 42, 151-159)

key words : cat, extraocular muscle, slow muscle fiber, electrical stimulation, muscle
contraction.

I. #&

Kuffler & Vaughan Williams®® 3 ik g
K EEhs 2BHEOHHREOEINME
DWTHAE L, KWHfERHEC X - TR S h
1 OB W TOLEREEEL, EEkk
DIEBBAL A Rtk U GER D To R & 8 Lok A
e (fast twitch fiber) &, #HVCFRRERRHE
Lo THEEN, TOLEERbIc-» TEEOMW
REaSvED, REEOEBEMEZ LY
T, RFEORE LTOHEEONEYE L
R TE U EYE#E (slow muscle fiber) & o
K A% BfE L. 0k 5 Bk L
B ONBCHEET S LN RS h, HEE
9% X OTRER 7 2 5 4 < DERL B DT
% (Hess'® ; Bach-y-Rita? ; Peachey®”). &
5 Chiarandini & Stefani!’, Bondi & Chi-
arandini” |3 5 v F HEHOEBHBRHEROESR

=

CIAFNB54F 2 F 20 A 324

MEEZ T, ThlERERH BT 5
LRUHETHDZ LEHERL TS, SR
Ot EOBEEY (Fernand & Hess)
LBEOL (Floyd!®) w BN & F T
BT ENTBEEINRTWENEEIRBEE ST
BHT, BED L ANRHITEGREL ST
E—DF &b T, Zhb OB,
B RREB OB I BB B 5T 5 D
X LT, {r LARROEEESE TS0 L
R I TW5 (FFEEY). BHREHEDOIREGEE)
ERFTHHE X XLHELMET B DRI,
&R DO IGER IO ey CRIRHED T hat
DLEEERDD ENDETHD. R, B
IHRRAE D IRME & BEMRRMED U & & ol L <l
BT B IO IR AR ME & 2L T B HREAR A o B
EREBEEIRRC L » TEl § % J &
(Floyd™ ; Browne®), D-tubocurarine % {gf
TR B HEA BB RE U CEGRMED H D
TR DEE A ENT 5 )k (Hess & Pilar
) 7 ENRAABRTEY, F % succinyl-



152 F 2 JHIRAS DIR SR s K OVERRIC 51 B ERARRHE DI

choline ##% (Bach-y-Rita & Ito*’), acetyl-
choline #f (Kern®") % K #iff (Chiarand-
ini'®) OEFEFEN, EHRETI—BETD
HORH L CEHRETIIRENTHL L)
ME, EFRELEY LBV AR RS
L#E\ (Browne®) &5 B Eied &30
T, 2EROGRECREVRFN SR TETY
5. LLEhboRERIL, BHRMEDINGER
e orho 1/3 wgE+ 5 (Bach-y-Rita
& Ito!') L3254 D0, 5 FRIBCHETS
(Browne®), » %5 Wit EH LB LB I W
(Fuchs & Luschei'”) 7 & N3LH—ETIX
V. ZTOBEEIR, AVbhaEHOEECH
DEBRCI2EZRLHA 4, ERFELLT
L 2EEOHREDOR X ERECSHE L TR
FELERWIEDEEZLRD. AFRLCE T
TEGRERCEEOEREM L RET 52058
BRERREE LT WEWO AR D%, i
HABRG > CrhicaT5RBHEYE 2
TEGRECIHFERNEFML X 5> LRAA .

I.% & 7% &

4% 850-1,000 g » %hE * =2 13 AL,
pentobarbital sodium(Nembutal, Abbott Lab.,
IIl.) 40mg/kg #* BERERAES L CHREEL .. IR
BR & AHR SR AR A T U 2R BATE L OB RR
¥REIBREL, RAEEIOBRELECOFY
ITREERLA LT OBRVTO L LBERES
Bgr Rz eancxs (Fig. ). +4574#
Bichico THRWIH, ARG TofETc
BWIEEE, GE52*E8D CHAE»OERE L,
A BBRRES X Hed L TONBRG ¥ BER
CHETEHEOFITMIMTIENTES. Jlc
THREBOZIBZBCH AL LHH TS &a50]
EThs. H~DMREHEOHEI I DR E
RTHZERKYTHD. FHE LRG>
LTRE, SNER, BRES IG5 L TER
TRV EREBEOHMEY Fig.2wwrd. #
RN CEECRRF L, —IReEE LR
HigR (No. 4-0) A L TERNIET 2 104
AR HOEREOWER, ZToEMEE S

LCHEN#E sk (SBC-510, BJIIEHTHE)
T RENETH I T 2 ENEL & D
O ThBEECORBROL(LLERT S Z
LR X hBES R, RINIT 20O ED
St 4EOYEE A v A v — 2 (EN104-
T11, HEBETE) % Wheatstone's bridge
CEFILTHEL, T0EAR L HEMBELE
Ebzie BEE L ERKOT7 2 0EFREE 2
1,500Hz =, H7i1340g = CEHGEHEYHFL, &
B25CHB3LCE ToOMOHIIOEL 1 HE
HNThoto. BBIDEBMHE T & b 1 storage
oscilloscope (VP-5702A, v 5+ 1) kg

Fig. 1.
muscles after the right roof of the orbit was
removed. io: inferior oblique muscle. Ir: lateral
rectus muscle. rb : retractor bulbi muscle. ro:
roof of the orbit.

Upper view of the extraocular

RLEERE L. HOOHMERYRETHHIA
R BREBBAARE DR IR VW 2.0g & v
7z (Tomlinson & Schwarz?®’). Tyrode %o
4Btz NaCl, 140mM ; KCl, 4mM ; CaCl,, 2.5
mM ; MgCl,, ImM ; Glucose, 10mM ; HEPES
buffer, 3mM ; pH7.4TH b, 100% O, TH:ES
Shic. ¥ MEGESR 2 EN T2 2
D-tubocurarine 10~°g/ml % ¥ Lz O H
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—i{34ecmx05cm o 1o H4EESY 1em [
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Fig. 2.

0s

Schematic diagram of the experimental arrangement. m : cat extraocular

muscle. el ; platinum electrodes for point stimulation placed 0.8 cm apart from each
other. e2 : platinum electrodes for massive stimulation placed 1cm apart from each
other. stim : electronic stimulator. sw :switch for changing point over massive
stimulation. i: isotonic lever. s:stopper. g: load. Tension (t) is detected with pairs of
strain gauges, which are illustrated simply by one mark sg. Length (1) is detected
with photo cell (pc), and they are displayed on the cathode ray storage oscilloscope

(os).
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B> 1.4 503 C B HE R B HE 3 @E 100
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massive stimulation & point stimulation

EwBALT, RIBEEAHE L E ORI

o 1 4% Fig. 3 iwr3. 100Hz Tix&Tof)
AP E T IRIERE LERNAE LR
massive stimulation ¢} 100Hz, S0EHjEC
BINIR AR ET 55(A), point stimulation
TIXS0EFI B TN B NP B n e
ALTw5(B).

R EH LR ok Fig. 4 R vk,
SEMIZ Tk point stimulation @ X %8
F31Z massive stimulation = X 2353 X b 4 B
BRI (A), TR 2WTH A0
RBohic. BRETIH sk Fig. 4B
DL 2EORBIEC X BEHNDOETZ LAY
7\~ twitch~tetanus ratio |3 T4 6 Bl
W 15.2%, SHES 6 Plic kTR 121
%, BERBES| 4 Flic s\ T 20.8% CH -
7.

2Rl E G52 TR O ME * BB T 55,
massive stimulation >\+T?% point stim-
ulation &>\ T 3 10msec o FE IR T 1% 2
Rl X 5 RERDGE B X 5 RERD
D2ELHVRENT EXRDO R RO
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slow fiber ratio L& L35, I L

e e
Mlgaress

Fig. 3. Isometric contraction of the lateral
rectus muscle in response to a ! single, b: 2,
c:b5, d:10, e:20 and f:50 pulses at the
frequency of 100Hz. A ; massive stimulation.
B : point stimulation. All six exposures are
superimposed on one record. Calibrations are
200 msec and 5 g.

3 oo slow fiber ratio % Table
1 iesRm4. THH 6 flicis T tetanus 2 &
% slow fiber ratio 13 81~23% TH b 81%
O 1PILIE15~23% T » o, F I HMER) 6
P 3\ Tk 24~30% T H - 1. HHHRHED 20
MBS LT E IRk 5 (Alvarado
et alV ; Bach-y-Rita & Ito* ; Bach-y-Rita et

RQeNLitiine

31 % Lk ot
al®)) i3\~ C slow fiber ratio 1% 2.0~6.8%C,
FOEE MO 2 FEDHOM L DT /NS
NEDL 0TI ot HDWE, HRERETI

TS B IR R B A T B D TIR TS
Wi SIS B IRERGRT | T R R T
massive stimulation X » point stimulation
DI HREVETINEDND Z LD - T2,
= ik massive stimulation T4 D 5 HD
BB R 0 C U B R R SR BRI X o TR 2 ] &
AT ENBERLTCHENHTHSS.

C AT & fEmE o BIR

SAE N4 100Hz o © S0 Uiz & &

f2 A 8
10
58 10
k5 =8
26 <
& g6
4 g,
2 2

0|25I()2050 0!25!02050
Number of stimuli Number of stimuli

Fig. 4. The relation between tension and
number of stimuli. A : lateral rectus muscle.
B : retractor bulbi muscle. o : massive stimula-
tion. & : point stimulation. The number of
stimuli is plotted on a logarithmic scale,

D) & EfEE Oty Fig. 5 A, Aff—HiL
M ERGY Fig. 5B i3, J el
<, EINTRBOTHE & b B B VARV E
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Wb, Lichs- T point stimulation o
4 T — 40 4K 5 BI 41 massive stimulation o
T BTN IR » T i St s &
5.
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1 {8 ikt & BT AT RE 713 & O 7E
B DT ENTE ol ¥, ki
NOBLNARAES 1D hlin h k&
WA A L2 B TR D D, AT ONE W
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Table 1. Tension and slow fiber ratio in three kinds of muscles. The slow fiber
ratio is calculated as the 9% of (tension in massive stimulation-tension in point
stimulation)/tension in massive stimulation. Tetanus is elicited by a train of 50
pulses at the rate of 100Hz at 20~22C.

Twitch Tetanus

Massive Point Slow fiber Massive Point Slow fiber

ratio ratio
(g) (g) (%) (g) (g) (%)
0.45 0.40 11 5.3 4.1 23
0.33 0.25 24 5.7 4.9 14
. . 0.27 0.25 6.0 49 4.5 8.1
Inferior oblique muscle .
0.36 0.33 8.3 29 2.3 21
0.13 0.087 33 3. 2.7 13
0.38 0.28 26 4.8 3.7 23
0.30 0.17 43 7.4 5.4 27
0.46 0.44 4.3 6.6 4.6 30
0.98 0.61 38 12.6 9.2 27
Lateral rectus muscle
1.75 1.37 22 13.5 10.3 24
1.41 1.01 28 10.3 7.6 26
2.01 1.01 50 11.6 84 28
N . o /10 times
0.39 0.39 0 6.9 6.6 aa(t0times )
. 0.41 0.39 4.9 9.9 9.7 2.0
Retractor bulbi muscle . .
0.52 0.56 —6.1 13.3 12.8 3.9
0.94 1.17 —24.6 14.8 13.8 6.8
A B
6 g
1
H
[
) |
"
g4F W
1
R
4 2
2k
| |
R | % 0.5 1.0

: Tension ( PIRo)

Fig. 5. A : Tension (lower traces) and shortening (upper traces) in afterloaded
isotonic contraction of the lateral rectus muscle. Preload is 2 g through Al to Ad.
Afterloads are 0.3g in Al, 1.5g in A2, 3.0g in A3 and 558 in A4 at 20°C. Calibrations
are 200 msec (horizontal), 5 mm (upper vertical), 2 g (lower vertical) for Al, A2 and
5 g (lower vertical) for A3, A4. Note the difference in tension calibration between
Al, A2 and A3, Ad. B Force-velocity curve for afterloaded isotonic contraction of
the lateral rectus muscle at 20°C. Curves are extrapolated by eye towards smaller
tension. o ° massive stimulation. a : point stimulation. P, total tetanic tension. P:
preload plus afterload.
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Fig. 6.

Time course in tension decrease during prolonged massive stimulation. A:

lateral rectus muscle. B ! lateral rectus muscle, faster sweep than in A to show the

-~

second peak clearly. C ! retractor bulbi muscle. D : diaphragm muscle. Note that the
residual tension is obtained in A and D but not in C. Dots in the lower trace is
time scale, 5sec intervals in A, C, and D. In B, 32 sec from end to end of the screen.
The calibration is 5g for A, B and 10 g for C, D.

DHEFEEY RO ELEETH -T2 L
L. b LA V. Hill o#sic@EeT5 tTh
AT 0 o © % ok B HE E 13 massive
stimulation (=& T10.7cm/sec o 5 2 & 5
o LAGEIS b CHET 3 & 11.8um/sec &
Teh. Q=205 L35 L ZofE 13Ttk L
Tird6.7pm/sec 7 Hh 5. Zihug, Close &
Luff*® pAREsRse X b s 7260um/sec &
WLESETHS.

D #lsca g Uik 2 OEIEE
ERHIEEAER I LTS L
&, FERE R D EEBE Y LEG
RMAEDEIDOZNIED & & b (Browne?),
Fig 6 1o\ THME R Tl SR E: 120 0 ©
ARETI OIS AT 5% (A), B
DA GCIRERER G TR I Loy (C).
B TLEREEINRESh 5013 (D)
BEBRIR O R M 2 b o fF OB A el L
TIHED BB IEF BN LI BRI 5 b0
EEbhD. ORI LB B
& % GO ORI OTEN 2 1 & g
-7 (Fig. 6 A). Fig.6 B 123D IH R X U

\.n&r ¢

e

T X BEETIHCE ORISR b B L 5 I
Gla@ < LTHENTHS. £ oflick\ T
HB2ZOFRELIOHEIL D 6 ~108:8 B,
TOREZZNFIDHIIVKREE &L H -
7o TRETE VTS AR 2SR D SR
7o SHICK U TR -CIRERAS  fiCla g 2
DGR HICHEETH - 72 (Fig. 6 C,
D).

V. & ES

Browne® (x v > 2 o i #HME— LA
W, R AR R ST BT B MR A & R AR
B ELT B R L EEN R Lt
TEEHEE N RIS S5 E 2RI Ll
WRBEL S L ooWmEHEM AN B L5
AT R R L, R O ST R o U
(R T LB DB R B CTEDIL
TR IR B Lic. I0iC X % & BiFigHEomE
TNXEFGD 5.3% % D HBER . Ll
Browne® ofidic 4 SRE&NA X 51, 2Eo
AR AE R R 2 MR D E R O 2L R
EHERD G DTIRINDT, Ol
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FHE XM TWD EHRITE 5. EBHEEOEREN
oL THE TS edie, EHEREOKIKD
H 5 o & D-tubocurarine #{Eff X% T
R ME D e & B % 5 51 (Hess & Pilar'?),
succinylcholine ##F (Bach-y-Rita & Ito?),
acetylcholine ##E (Kern?), K ##E(Chi-
arandini'®) © K& XxXKDBFHE, +HoEV
RS A S CRFENORE I AE
T 5 H#: (Browne®) 7n ERERA LR TWAH D
WL BRMEO 2R S5 b IERECI B
LBWTHAHS.

Z O TH TR T8.1~23%, SHEHT
24~30% Dy, Browne® DR LIEL b LK
#\. 5, Hess & Pilar'®, Bach-y-Rita &
Ito? 12 % = DRI OV CEGRHEDES
BEEDO 13 ETHHRALETE Y, AR
THLECEUL TS, ¥, RERES I
B THEGRENEEIhD O TRV ER
wahic. UL LIRGHEBOER RS CTHE
HAIMETLTCLE S 72D THB0% Liin.
¥, SRS OFIELSEMRELE Y ZT L
LB OEBEMYRETIHREDOH S Z
ENHE I TV A (Bach-y-Rita & Ito? ;
Bach-y-Rita? ; Lennerstrand®’), o X 5 /s
BEEOGHEIAER TIIEHRECEN S h
b kBbhs.

DEEERNR T Y- T, &RKbksT
[FE¥3 % massive stimulation &—¥go
A& BT 5 point stimulation & 2>
BHEC L » CEGHRHED L OE SR RD
ony, BIBHEC DT WL OhDBiE %k &
e Ein i nTh S 5. 5 11 point stim-
ulation @ H& & EBEICRBE LB R
D) OFGEET > THRATWETHA S
b, FIBERYKE S T5 LRATOIREENHE
HMEND LACEY R THBE LA LS
THhr5. Liht- T point stimulation DRy
CEFIRMED IR 28 D Ee & 0RERS
THNEEINLF IR b 7 . Buchthal
& Sten-Knudsen® ® ZZHiE BRI O EKRIT,
HOEMHR~BE LcBa ks 5 I

WOBBBLTWBZ EERLTNS. 20D
W7ec4 point stimulation Fic Jil8E 8 % &
DEHICEVTRBAACBE TS L 2R AR
TR TR GRAED AT L BB O A & & K
B—HIeDH T LIIRETH - .

2 2 OREIT massive stimulation DER
BEOBHE w £ % BB THS. Close &
Hoh'®, Riidel & Taylor®*” &% massive stim-
ulation @ BN ADE I L ORI &
BHEOBRERAN, WIhb R v 4
LEWALVATHET 2 L ERNVBBATH
LERE LTWn%. TR RENEE oD BB R R 2 5 B
s B S W Em AT RE LB B AL O FiR
R - TOEENEN Ih TE DO DR
MEOWFEINDZDTHA 5. REREFIFHck
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point stimulation 1= X 33X h/NEWBEE
RRDLIIH, TOEEIILEDOLDTHA
5. FERRCIEERAANC 3 ) B I O N E R
HEEBWTHRZ » T3 3T, Sugi & Ko-
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BAERE ECh - ToOMHEEGREX » bR
WEIBRE R LA TWS EFHIND.
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—20mV 5 BINB T EER LTS,
ARPFFE TR\ 7o Lmsec, #HE 100Hz o 50
ERBL S R T T 5 B EFETHD. L
23 —20mV i S h TR, iz
BRACETHIRIEREELTHDTHA S L
Hlc& % (Chiarandini!®). z o X 5 K ABF5E
1= F\ 72 massive stimulation 12 X A HEKET
X, Rl AR Lo iR
L EGREOIEONM L, BBt XO0&
Wi HE DS B3 5 IR OPIH & D2E LE|
EORKEERL WD E V25,

EBNVRRIBFEC L S 2EOHHREOERY
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massive stimulation & point stimulation %
FAuwWTRD .

2 : massive stimulation iz X b 480 I
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Boh 30T 2BHEOFIMDELEBIHRMED
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3 :slow fiber ratio (% TG WTIE
81~23%, SEMITIX24~30%, IREREL
BIE BRI S % Th - T
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BEREOER LI bicu.

5 :slow fiber ratio OE\ TS & A ER
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