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Fiber types and some contractile properties of extensor digito-
rum longus and soleus muscles in different animal species. Hideki
YamaucHr and Norikatsu KASUGA® (Sports Medicine Laboratory, School of Medi-
cine, The Jikei University School of Medicine, Chofu, Tokyo 182, Japan, Department of
Health Science, Aichi University of Education, Aichi 448, Japan*)

We studied the fiber types and contractile properties of the extensor digitorum longus
(EDL) and soleus (SOL) muscles from young adult mice, rats and guinea pigs, and the
correlation between these two parameters. Individual fibers in both muscles were clas-
sified as fast-twitch glycolytic (FG), fast-twitch oxidative glycolytic (FOG) or slow-
twitch oxidative (SO) fibers according to Peter et al,, and type II B, IT A, or I fibers accord-
ing to Brooke & Kaiser. Contractile properties were measured in situ at 37°C. The isomet-
ric twitch contraction time (CT)and one-half relaxation time (1/2RT) tended to be
shortened in proportion to the area occupied by type Il fibers, and type II B fibers. How-
ever, the differences between CT and fiber types were not always uniform among the
three species. The CT of the rat EDL, in spite of its higher proportion of type II B fibers
about 109, was the same as that of the guinea-pig EDL, The SOL of the mouse, composed
of about 50% type I (SO) fibers, had a CT about as short as that of the EDL, In the case
of the classification by Peter et al., the relationship between the percentage of subgroups
of fast-twitch fibers and the CT or 1/2RT, but not the resistance to fatigue, was not
obvious. The resistance to fatigue tended to be enhanced in proportion to the area oc-
cupied by FOG in the EDL and by SO (typeI)in the SOL.

These results suggest that the contractile properties of individual fibers identified his-
tochemically are distinct among animal species, producing interspecies differences in fiber
types along with different contractile properties, However, it may be possible to compare
‘the difference between fiber types and CT or 1/2 RT in the classification based on the pH
lability of myosin ATPase, and also the difference between fiber types and resistance to
fatigue in the classification based on the oxidative enzyme.

~key words : interspecies difference, contraction time, relaxation time, fatigue-resist-
ance, fiber type
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Fig. 1.

Isometric contraction time plotted against the proportion of area occupied by

fast twitch fibers. Each data was obtained from extensor digitorum longus (open symbols)
and soleus (filled symbols) muscles of mouse (squares), rat (circles) and guinea pig (tri-

angles), expressed as a mean=+SD.
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Fig. 2. A :Relationship between fatigue-resistance and the proportion of area occupied
by FOG-fibers of extensor digitorum longus muscles from mouse ([]), rat (), and guinea
pig (A). B : Relationship between fatigue-resistance and the proportion of area occupied
by SO-fibers of soleus muscles from mouse (I), rat (@), and guinea pig (A).
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DRERD IR S LT bbb D L& L
bhs.
FEHTERE Db BRicE BRI o ERI1T, &
FRAMERLRE & —Fk LIcHm a2 R L, EARAEREAL
o EDL s\~ Tik, Peter b3 EHEI
EoSLy 751 Fch b FOG BB HH R
BERE, 2RI BIREEREMED
B\ SOL kv Tk, SO SRR S E RN

His oA 2 L, 8% OB ER TR T OB
BZRbLhehotk. Thit, —EEOBWEN
T, PMEARCER NS &, FA—x1
TERCTHBERERERCRE LS
BROWDZEEBRT 5 EE 2 bh 5.
Maughan 5% %, e b iz 8T, BigiEL
ATPase Zefaic X b 3088 LicBa, Y itEgE
1 & R HERLR & DRI B e BIRIT R S h s
W EEHRE L. AFRTiL, Peter b4y
B Lichs - THifiE 2 08 LB E, g
MDDy 724 7ch b FOG BiomE 5ER
EFEFTERE S & DI BIRMA R & h iz 2%,
Brooke & Kaiser o &8z 3st) 2B e HEv 7
24 7 (typell B & typell A) & % tkRE S
LOBRIZR ORI oo, — AN FG &
IIB, FOG r MARHIET 5L ELBhT W5

A, WOEFTECRT AHEER 4 SO ERER
SHEGMET g typellA & FOG & #o [ofE

BT E, FEHTEREISNE & 5 BIRAER
DbDbhhic. UL, SHORS IR
Table 3.  Comparison of Ca%* -activated myosin ATPase activ-

ities, expressed in micromoles of Pjemg-lemin-!, for extensor
digitorum longus and soleus muscles from mouse, rat, and guin-

ea pig.
Ca?*-acti-
muscle species vated Reference
ATPase
EDL Mouse 1.31 Barany (2)
Rat 1.24 Barany (2)
0.90 Syrovy & Gutmann (25)
0.88 Gutmann & Syrovy (9)
0.85 Gutmann & Syrovy (9)
Guinea pig 0.89 Syrovy & Gutmann (25)
SOL Mouse 0.90 Barany (2)
Rat 0.58 Barany (2)
0.43 Gutmann & Syrovy (9)
0.42 Syrovy & Gutmann (25)
0.35 Gutmann & Syrovy (9)
0.34 Unsworth et al. (28)
Guinea pig 0.22 Syrovy & Gutmann (25)

The composition of the reaction mixture was as follows : 30 mM
KCl, 20 mM Tris-HCI buffer (pH7.4), 10 mM CaCl,, 1 mM ATP for
ref, (2), 25 mM KCl, 50 mM Tris-HC1 buffer (pH 7.5), 10 mM CaCl,,
5mM ATP for ref. (9), (25) and (28). The enzyme activities were
measured at 37°C and 25°C for ref, (2) and ref, (9), (25), (28), re-
spectively,
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A method for measuring the amount of retrogradely trans-
ported HRP in the rat masseteric motoneuron using Mesulam’s
HRP histochemical protocol and an image processing system.
—An investigation of the effect of dopamine receptor antago-
nists on the retrograde transport of HRP— Kenichi YOSHINO, Shige-
nori KAWAGIsHI, Masatsugu IwaMoTO* and Niichiro AMANO (Depariment of
Oral Neuroscience, and Department of Dental Anesthesiology*, Kyushu Dental College,
Kitakyushu 803, Japan) )

We developed a method for a determination of the amount of retrogradely transported
HRP in the rat masseteric motoneuron using a modification of Mesulam’s HRP histo-
chemical protocol and an image processing system combined with a light microscope and
a television camera, To test the validity and reproducibility of the new method, a quan-

titative comparison of the amount of dark blue granules of HRP-product in the cell body o

of masseteric motor neurons was performed between the right and left trigeminal motor
nuclei of 70 rats, which resulted in no significant difference. An additional study used the
method was made of the effects of administration of five dopamine receptor antagonists
with different biochemical and pharmacologic properties on retrograde transport of HRP
in the rat masseteric motoneuron, As a result, chlorpromazine, haloperidol, SCH 23390,
and sulpiride significantly enhanced retrograde transport of HRP as against domperidone
which showed no significant change in the transport, A possible regulatory system for
retrograde transport of HRP in the masseteric motoneuron was discussed in relation to
the action of the dopamine receptor,

key words : Axonal transport/HRP/Image processing/Motoneuron/Dopamine receptor
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BAUB A LRI T 7=y 7ICE > TER
BT 5, BEARCRT 5 ER ks
L BAFEISIC PR R RER R/ 3 5 2ERh Al R i
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5.
AR, F TR HE O B b,
DEWRAYEEEA T T » P ORGER = =
—w» v HRP BTHgRE L Lz 2250
EKBR—OR—BE&OELA M BT 28HEE
DI, QOB ZHED BEC R A A
X T % Chlorpromazine % Haloperidol 7¢
EDSEED F % 3 VREEEER 5RO
RO LR — BT REOMR, HER
L OBEERND.

. MEHEOBE

A. BEREEN= 2 — 1 RIS HITHERI

7= HRP 0T34k

PEIE 7 EORn D S h 5 FE R K 2
HRP (F# v v R {LEESR) 124 T ##940,000
DHEEATH D, Thif)dbTHiTh==xn—n

A soln. B soln.

A soln.: Sodium pentacyanonitrosyl-
ferrate (Il) dihydrate lg

Sodium acetate, pH 3.3
Carrageenan

Water

Ethanol

v
Horseradish peroxidase

l

Hydrogen peroxide

1

Reaction product
Fig, 1.

vigB#Ew B A Li-oik Kristensson et al?
T, BREOETHEER =2 — v vEgRE
LTWwiz. o b OBHARKCER L
HRP ##A$%&, HRP (3#% 7 i< endo-
cytosis 12 X b IREGEE) = = — » VEIFR Ui o>
LI A Eh, WREPEROEE XS T
(MRSEE 1 50~120mm/ H) ZRREESH K
RTET 5 Mtk 5. Mgk ®3 5 HRP
FHhEFRZBC RS, Ficfiafgo ey
F— b AEEEE S BRI T
TERVEECHETHS. LTI THEH LIT
SR WREEBIE O v S Ao e A EREE Ui
%, B & 60 pm OBEHEGEEI YA L. K
e, TXTOBEKYE 1 free-floating #&ETTF
ROBERKIG T L, fifatkrifo HRP &
TR G A DB ER Uicth, il 0Bk
BB X D ERBIE L.

(HRP oERNIE) :
AH, (k#Eftb4k) +H0, (KFEZEHE) —>
A (Bafesp) +2H,0
EROKFEE G AH, iz —BIc R aIE
PHAVWLRS. AJEDE T Mesulam®” o%
R ks, REOEWS3, 3, 5, 5 tetramethyl

10 mM
0.02%
950 ml

B soln.: 3,3',5,5"- Tetramethyl benzidine 50 mg

20 ml

0.3%
10 ml

HRP reaction protocol employed in our method using a modification of
Mesulam’s protocol® as described by ltoh?, -

Carrageenan is added to the A solution of ltoh’s protocol.
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WwINT HFHEOTTEY b A LT 5.

B. BEnESH =1~ VEICHH TS HRP
RISEDOEERE

HRP KIS % M Ukt o ixee 8 b & & 40 A
10~12#ciy, B#ao TMB RIGED 2 &
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ST BEFICEY ZEBEE O 1 55 (f£3K100
%) wiged, TV 72 5 (#h E@EE, 1TC-370
M) %4 UCEggyiEE SPICCA (A7 &

b
3
| E
5 78---=--=- High &
Ed
[ o
- X
) 5
&)
15 Low =
0
5
o
234
Area
Fig. 2. Schematic representation of the con-

cept of the measurement with an image process-
ing system “SPICCA”.

Abscissa, areas having the deposition of dark
blue granules of HRP-product ; ordinate, gray
levels defined by the density of HRP-product,
The 0 and the 234 levels correspond to the black
and the white colors, respectively, The area sur-
rounded by a curve and a horizontal heavy line
at the 234 level is indicative of the whole quan-
tity of HRP-product in a unilateral masseteric
motoneuron pool. The surrounded area was ap-
proximated by the sum of three respective meas-
ured values of area at the 78, 156, and 234 levels
in our method.
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Distribution

e =

Posterior superficial
masseter
Anterior superficial
masseter

Hamilton microsyringe

= —®» v HRP #{TiHeE OMEE

~ese
.
e
LY

+ Facial nerve
:

Mineral oil

—  ——/—

L —  ——7

Fig. 3.

scribed site in the rat masseter muscle.
The insertion point (X ) is the muscle surface 1 mm above the intersection of the parotid
duct and the perpendicular from a given point 5mm posterior to the eye fissure. The
needle was vertically inserted into the muscle to a depth of 1.5mm by the help of a
stopper attached to the tip of the needle.

Parotid duct

o

26-G needle

c
7.5% HRP in saline, 104l

Schema showing intramuscular injection of the HRP solution into the pre-

1.00 H :
Right i Left
0.83 M *
. &z
x
& ¥
0.67 f’ﬂ*
0.50 g -
& if’*
< f <
x x
0.17 x x
x x
0.00
-46.33 270.34 587.02 -69.13 261.21 591.55
Amount of HRP-product
Number of animals 70 70
Mean amount of HRP-product 270.3429 261.2143
Standard deviation 105.5592 110.1132
Standard error 12,6167 13.1610
Minimum value 79.0000 61.0000
Maximum value 572.0000 609.0000

Fig. 4.

Testing the goodness of fit of theoretical curves.

Seventy measured values of the amount of HRP-product obtained, respectively, from the
right (Right) and left (Left) masseteric motor nuclei of 70rats are plotted on normal

probability graph papers.




WHHEB) = 2 — = v HRP M{THEBRER ORE % 211

DX, Blo L A X0 B oflEHER
v, REHES) = - —» vEIC X % HRP 517
RS E A ARG 2 e L.

B. fER&LUER :

R4I0ED 5 5 + OGS ER = = —
r PR O THIE Ui 140 o HRP 47k
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THL, AR X 5o 1.3 f cic
BT ENGI T fsT, SBHEOHS , -
D f e 7.5% HRP « Ak % 10 ¢l pi A
T5 L, R 180E0 HRP 5 mE
B=a—rv2ilBTrz s,

RS NKARRLETED 5 » MBS WT R
ISEM EERTHANTFORYELMR « wIF#
R T ey b LIbDTHS. 200275
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D, EROMLT BT ENGhD. i, K
HRORTHEHE T t-BELTS &, R OEE
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1.00 H H
Right Left i
0.83 x x
x x x
s iE,
0.67 F
8
_‘g“ .
‘(Z *’ ;x .
A %1 X ’*g“ 8;*
0.33 5 "y
I -
x b
x;
0.17 x =
x x
0.00
115.10 230.19 345.28 101.29 224.30 347.31
Number of particles of HRP-product
Number of animals 70
Mean number of particles 230.1857 224,3000
Standard deviation 38.3634 41,0031
Standard error 45853 4.9008
Minimum value 121.0000 131.0000
Maximum value 315.0000 341.0000

Fig. 5.

Testing the goodness of fit of theoretical curves,

Seventy measured values of the number of particles of HRP-product, respectively, from
the right (Right) and left (Left) masseteric motor nuclei of 70 rats are plotted on normal

probability graph papers.
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5.

Table 1. The five dopamine receptor antagonists with different
biochemical and pharmacologic properties.
The vehicle solution, dose, and way of administration are noted in

the right column of the list.

: Binding BBB Vehicle sol. ; Dose
Antagonist receptor permeability (Way of administration)
Saline ; 4mg/kg,
Chlorpromazine D, & D, Yes 8 mg/kg,
12 mg/kg (i.m.)
Haloperidol D, & D, Yes Tartaric acid ; 0.8 mg/kg (i.m.)
Saline ; 0.02 kg,
SCH 23390 D, Yes ine ; 0.02mg/ke,
0.04 mg/kg (i. p.)
Saline ; 40 kg,
Sulpiride D, Yes ne mg/ke .
100 mg/kg (i.m.)
Lacti id ; 0.2
Domperidone D, No actic acid ; 0.2 mg/ke,

1.0mg/kg (i.p.)"

D,, D, ; Subtypes of dopamine receptor
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Fig. 6.

(0.02mg) (0.04mg) (40mg)(100mg)
The effects of administration of five different dopamine receptor antagonists on

(0.2mg) (1.0mg)

retrograde transport of HRP in the rat masseteric motoneuron.

Abscissa, the five different dopamine receptor antagonists administered in a dose shown
in parentheses ; CPZ =chlorpromazine hydrochloride, HAL =haloperidol, SCH=R(+ )- '
SCH 23390 hydrochloride, SUL =sulpiride, DOM =domperidone. Ordinate, the average of
12 measured values of the amount of HRP-product obtained from the right and left
masseteric motor nuclei of six experimental rats is expressed as a ratio to the average of
those of six control rats, Shaded and striped columns represent significance at the P<(
0.001 and the P<C0.01 levels, respectively. Blank columns indicate no significance at the

P<0.01 level.
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