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Isotonic Contraction of Rabbit Superior Rectus Muscle
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Abstract

It is well known that the mammalian extraocular muscle has slow muscle fiber morphologically.
But the contraction speed of slow muscle fiber has not been mentioned in previous reports. We studied
the isotonic contraction of slow muscle fiber and compared it with fast muscle fiber. Each fiber bundle
was isolated from the rabbit superior rectus muscle. Both light microscopic findings and the reaction
to isotonic contraction in Ca** free Ringer’s solution could identify each of the two muscle fiber types.
Contraction speed depended on the frequency of stimuli (40~200Hz) in both slow and fast muscle fiber.
Maximum velocities of slow and fast fiber bundles were 4.3+1.53mm/sec and 26.9+3.48mm/sec at
200Hz, respectively. It was suggested that the relaxation of slow muscle fiber did not interfere with
the contraction of the fast muscle fiber. The relation between contraction velocity and afterload
showed an approximately right angle hyperbolic curve. (Acta Soc Ophthalmol Jpn 94 : 779—785, 1990)

Key words: Slow muscle fiber, Fast muscle fiber, Isotonic contraction, Rabbit superior rectus
muscle, Force-velocity curve

BIRIFERSE © 060 FLORM-PRXEE 1 &£FEI6T B fLREB AFREBSE#RS B =

CPRECH 8 A258 %4, FRITEIZALZAHGTZHE)

Reprint requests to: Toru Umemoto, MD Dept. of Ophthalmol., Sapporo Medical College
S-1, W-16, Chuo-ku, Sapporo 060, Japan

(Received August 25, 1989 and accepted in revised form December 12, 1989)



780

I #

WHFLE D AR Y, MRREA R & E AR
EUF OB B S v 5 K E IoB#r i
2ova - 7, SREO AR & L TOIHMEEE 2 FF
i35 e LTERENE & SREREIE bR T
WA, BIER, HOBRNBEEXZLZLOTHDHOILH
L, ®BER, UREELMALZ ENTED, B 4
R0 B RCEBRIGE Y 25848, £odii
whole muscle & F\ 705 RERE I X 5B
¥ Th b, BEHSHEC 2T, whole muscle £{&
HDOMEBHCAET L EVWIHENELATE
7e3~5 UL, IBEGESIC 35 &0 RicT#&
2 BT 5oy, SR EOEDEME OB
YMELEELRD, REINIGYAEE LEMHL b, 25
BAED B BT B HHFAEEAZER L, TOFERKR
> TEHE L,

—F, SERENEOBRFEER ED EOG £xftL

il

535LWHBATEETHS, KEH 571 whole mus-

cle TEEMIMY I Zcb¥, TOMNMEEY B
LT\ A, &6, FELIES)SY0OME LI EHIR
MEEAAFIRAL, SEERMERZTV, EHFHED
IR & RSO, AT OB MRy AT & Rk
Lk,

I EBHE

1. XR

hE2.0~2.5kg D HEREINHATLCER EEH
HEMALE, 100D 5 B 5 FIEHRHEERD X {E
ML, OO 5FEF—HEARL D EHRMEERR L HE
IRSRMEREA 2 YRR L 1.

2. BRMEEEROMER (R1)

MR AR ORI, BB BYD BT - 72, 5

SCLERA

TEMPORAL

FAST 1.0~15mm

NASAL

E1 Diagram of muscle preparation.

ARE£E 9% 9%

fEEREE > E MO ML, EFHEEIEUL
SEZARERBS L O EImm & L, B ER
FRAE VLRI D R0 S (A CEEER M 2> 5981.0~1.5mm ©
EARRAETE & L, WvmA MRS TR L 88, EiESs
LUOERY DB L, L EOfEFE, 12°Co Ringer ¥
HC100%E®EFE AR FIiZ Tt -7, Ringer # %,
Krebs-Henseleit #ch o B j# & 1~ BefE @k % Tris-
HCl @i ER Lo oR A L,

3. EREES L URHE (K2)

VERE S R IRRMEEE ALY, —¥ % transducer i, %
5 —¥i% cripping rod KREE L, F= v~ —HIZHRE
X Rt BEHEI BT massive stimulation A AL,
2HOBLFREB CHEMEASEL I L LT
Lo, HIBCE R L L 2080 . 8msec D ETLE TR #E
1132, 0sec, WM OEZBEEREV TH 5, AT
i3, A% 575 whole muscle THRE T30
B A2 #500mg EERLTWBZ L ESEOR
BMEEAOE HImm THH Z & X b, BHFHEEER
©T30mg, EHEMHEEARATH0me & Lz, ERHWER
iz F = v 3 =N Ringer #iR(3£36C ~37Cic Rz
h, 100%BFcTRILIN-,

4, FZRMEITHE

SOEMIRERICET D, FTMHAKORE TR
FREFEDRRE L, Zhid, RoSERNRCE
T EBAMPRAREEN R L TWituh )
WRTHLDTH S, HWEHEIER)®, Kab?
oL L b, 100, 150, 200Hz & L, MERLT
AVAVY) 92 bF VAT a—Y— (HANE, TB-

—
L
ool
0T
ISONETRC| i i
STIM STOPPER
i DIF
I
: 3 : MUSCLE
L e i

36Cc RINGER  100% O-

(92 Diagram of the experimental apparatus
STIM : electronic stimulater, AMP : amplifier, DIF :
differential amplifier, REC: recticorder,
ISOMETRIC: isometric transducer, ISOTONIC:
isotonic transducer



R 2HE9 AL0H

651T) %, L2792 — & —(BANLE, WT-645
G) &AL,

5. FRMEULHE

glEosER—HEACT, TTOMARCEERENE
Wi R T e, IFEEE 2 M ERY L b Ciis
Lz, HIBAEEE 1240, 100, 150, 200 (250) Hz o4& &
BEE Lic, BHEHERCOWTIE, XbEBAN
%30, 60, 90mg & L, BRICEEER I TEESE
IfiAEEE Y E L, BIBEREH LT EL, THERR
WBEFORFEBRLI, 74V b= 2 b5 A
7 a—%—(XAAKED TD-112S, BRI v 2752 —
#— (BANXE, WT-645G) # H\ i,

6. #ti Ca*t £ B4 D FRMIE

R R R ER S, AEFRICEEHED
EOmeBRT b fTleote. ¥FTF—E0RBE
o b L Eih Ringer B TERBENBETed
&, #Eemic Ca?t free Ringer WIcBH# L, 105H#R
LRI &G CHEREMEThbel, BELHEE
Ringer BIZ R L, 104 FEHIB L. 7ok Ca free
Ringer # % _E5C 2 @ Ringer #1235\ C CaCl, % B\
e D TEGTA e E D& v — bR LI hot,

7. HRSRATERR
—HORMERKT &, EHEAX% A=) v
TREEL, 47 7 1 R, EX10pm OREHH &
L~=bFo ) v—=xdov R, =V vy—Lb 02
2 — BB fTi o T,

I #& #

1. EFRMERORER

D) RS X M EE

B3, H4@EBRcEbhicHRiEroElx
L0THS, H33—MichEE L BbhsoeFE0
KEWHRHEORELB DN B L0, ToHITIE
Wit {, £/ MET Felderstruktur Bl & Lad L
7o, HEO-SOEHREAIR 4 2 LdT2, HiR
HEDOE b A E < B S B T Fibrillen-struktur
WaemTbOrnEEMTE,

2) Ca** free Ringer Bicx1+ 5 S EHNGE (K5,
K6

Ringer H TOUFREE %#100% &+ 5 L BHH &
LR S i AFARA A, A Car v fp= 15 &
ILFEEEE L, 3F 0 iz bk, X, B Ringer &
R & TR % O EENE b, MBHICE
HARERTIE, Ca®* free Ringer ¥ T & IUFEH FE (2

KA LE O SR - A 781

3 Slow muscle fiber bundle showing “Felder-
struktur” type. (H-E staining) X200,

4 Fast and intermediate muscle fiber bundle
showing predominantly “Fibrillenstruktur” type.
(H-E staining) 200,

#980% 7 te,

2. ERENBORKREERD

MPAFC S WTRARERED (P) EHRHEE
&, ERMEER L $12150H: o REFIMTE S
FOFHEIRETh£H0.32+0.083g, 2.32+0.640g T
Hote, FREINECHITHEAT (P) X oBAR
RN EE L o EBEICRE L,

3. FIRMEUNHE O UUHEE

) I EFIREE 0BT (K7, K8)

B 7 3 ERoCEFER A, K 8 IS If®E & #
BB OB (R B IR L E RO BmE I LTH
WHY 7 7 Lot BIEME EIRE L L iuE
HE TR BAEE KL, 40Hz 4 5200Hz ¥ CHEigk
ML, 250Hz TREA L, 2% b, EI5EH
HATARME D REEEFEELL T, Zhid ks
#5670 whole muscle iIZ351}F % IUFEEE M & 458



782

VELOCITY
100%

6

HEREEE 04% 95
SLOW
= i LT : — (T Ti1 " - .
T J\ M 3 B b 0 B
- - LI ! \ 0 = |
, < : e T
Enall vammmmnnn s B R
. : e e e
aRaazs T, P
i T L T T o I T
i ¥ 1 |
] 1 L L. | il
T T T 1 t 11 —t
1 i []
| 4 [ []
ciT Al i i 1
i 1 O I 1 i
B L |2 I [ I
1] {5 fbt] ! L5 h i
T 2 e ol f HHHH g
NORMAL RINGER Ca*FREE RINGER NORMAL RINGER
FAST
¥ = THHH HHHH B k
T 5 $ 1T T A T T
,‘,r7 LD i In i 1 I T
Y i AR b |
5 B HEEREE! T3 1
B TTTT 1 111 T
.75 I T i
L i 1 1
I R i 1 1
o 1 r T i
i EEEE : :
N [
[ (] I
L f
I -
_-"'l - - |
[ L1 %A (] M
P = il N
Lt RER! | i P = {0 I
UE ' ] 1 EERREE

NORMAL RINGER

Ca*FREE RINGER

é«IOFIMAL RINGER

E5 Top: Isotonic contraction of the slow fibers. Velocity was 0 in Ca®* free

Ringer.
Bottom : Isotonic contraction of the fast fibers. The contraction speed decreases

only 20% in Ca*" free Ringer.

3
n=j§
NORMAL Ca*FREE NORMAL
RINGER RINGER RINGER
(PRE) (POST)

tion (Pre) is set at 100%.

Isotonic contraction. Velocity in Ringer solu-

LT Fe, Bl 200Hz ¥ °#§in L250Hz A L
fo. (BL, RAUEERE DB0%ICET % O H HUEE
R LS, EIRE 0 AMES 5 T2,

2) BARIFEEE (K8)
BAINAREERHEE L b iR 22200Hz ©
LEBoN, BHE#ECL.3121.53mm/sec, HIR
#726.9+3.48mm/sec & #) 6 {5 DEMD -~ 7, 40Hz
2 5200Hz ¥ ToO & BAREBCHE LT INREEE I
66 8 fEOIEFICKE LBV IRED LRI,

3) IMEEE & ARG (K9)
FRGHMEADORARAERD P L, EHRAN
#P L LTEDLP/PxRD, P/PH10%5 550%
Ele BINMEEEE A HETE L, EE—ARBRE RS,
FOER, ARA50% % TOMTIIUREERE LAR O
Wk bicBL feh, EAMMBRE LD L,



FRE 249 H10H HKRLER O SR « A0 783

=
100HZ

5 mm/sec

FAST

5 mm/sec

100HZ

&7 Isotonic contraction (upper traces) and velocity (lower traces) at 100Hz

stimulation.

Left : slow muscle fibers. Right : fast muscle fibers.
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X8 Relationship between contraction speed and
frequency of stimulus. Maximum velocity was
4.3+1.53mm/sec, 26.9+3.48mm/sec at 200Hz
respectively.

IV # #%
WEHRMER O, EISESRRERICK - TED X

SLOW
VELOCITY

mm/sec

200 Hz (n=10)
150 Hz

\‘\’—.m Hz
40 Hz
1 1 1 1 L)

0 2 30 4 s “H°

M9 Relationship between afterload and velocity.
P, : Maximum tetanic tension. P: Preload plus
afterload. Vertical bars show the S.D. of 200Hz
stimulation.
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