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Relationship between Metabolic and Ultrastructural Profiles in
Single Muscle Fibre of Different Types in various Muscles

Hiroaki TAKEKURA* and Toshitada YOSHIOKA™*

Abstract

The relationship between metabolic and ultrastructural profiles in single muscle
fibre of different types (slow-twitch oxidative: SO, fast-twitch oxidative glycolytic :
FOG, and fast-twitch glycolytic: FG fibre) were studied in various (tibialis anterior :
TA, extensor digitorum longus: EDL, gastrocnemius: GC, and soleus: SOL) muscles
employing biochemical and electron microscopical techniques. Male Wistar strain rats
(15-week-old, n=30) were used in the present study. Single muscle fibres were dissected
from TA, EDL, GC, and SOL muscles, and typed histochemically into SO, FOG, and
FG fibres. The remaining parts of the single muscle fibre used for the classification
of fibre type were used for biochemical (phosphofructokinase: PFK and succinate
dehydrogenase: SDH activity) as well as for electron microscopical (mitochondrial
volume) analysed. PFK activity in FG fibre was highest in EDL, less in TA and
lowest in GC muscles, with a significant difference (p<<0.01) between EDL and GC
muscles, and TA and GC muscles. SDH activity in SO fibre decreased in the order
of SOL, GC, TA, and EDL muscles with a significant difference (p<0.01) between SOL
and other muscles. Glycolytic enzymes (PFK) activity was higher in fast-twitch,
especially FG fibre in extensor (TA and EDL) muscles, on the other hand, oxidative
enzyme (SDH) activity was higher in slow-twitch (SO) fibre in flexor (GC and SOL)
muscles. No significant difference was observed in the mitochondrial volume in all
types of fibre compared with four kind of muscles.

These results suggested that the oxidative capacity in skeletal muscle fibre did
not always depend on the mitochondrial volume. Moreover, these results indirectly
support the opinion that metabolic and ultrastructural profiles of the skeletal muscle
fibre were acquired by their contractile characterization.
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Figure 1. Light and electron micrographs of each type of single muscle fibres classified by
actomyosin ATPase (pre - incubation pH 4.35) and succinate dehydrogenase (SDH)

stainings.
longus (EDL) muscle.

All types of single muscle fibres were dissected from extensor digitorum
Abbreviations; SO :slow - twitch oxidative fibre, FOG : fast -

twitch oxidative glycolytic fibre, FG :fast - twitch glycolytic fibre.

* BEARE KA R

Department of Physiology and Biomechanics, National Institute of Fitness and Sports, Shiromizu, Kanoya, Kagoshima

891-23, Japan
* ¥ 2 )T v ERKE AR E

Department of Physiology, St. Marianna University School of Medicine, Miyamae, Kawasaki, Kanagawa 213, Japan



rE, HR BB ERITIC B AE— S A 70 B B CEE & BRI o ER

A &

1. B—FREODIERUGHRES A TORE

KEREIIC (3418158860 Wistar T -~ b
300 % Aiva7z, Sodium pentobarbital FREY T (45mg/
kg body weight, i.p.) 1Tl T & D aiEE W

(TA), Efsfhy (EDL), Bl (GC), &
Z A8 (SOL ) ##H L, K THOBIC L ) #—
HHED T AT, ATHEOBIC LD EHD
MEALAE ST 21T - 72, BB relaxing

°/s numMber

solution (120 mM : KCl, 4mM : ATP, 0.5 mM :
EGTA, 10mM : PIPES, 10mM : MgCl, ,pH 6.8)

FUICTH—fRME L B L 2, o7 H—F#
MR 3IFESL, 1 AZEEFNICT] X% X FHREER
AT B LIS EFNTNE D N—T T IR
L7z, FNFNDREHT actomyosin ATPase 4
f4, ( pre - incubation pH 4.35, 104) 7, R
succinate dehydrogenase ( SDH )&V %56 L
72 A3 06 NUICREA D & K B —Fi#R 4t % Peter et al.
oIz #-5% slow - twitch oxidative ( SO ),

TA(S)

TA(D)

EDL

GC(S)

GC(D)
SOL

°/, area

50 100°/

FG FOG SO

TA(S)

TA(D)

EDL

GC(S)

GC(D)
SOL

1

50 100°%.

Figure 2. Muscle fibre type composition (% number and % area) in various muscles.

Abbreviations; TA :tibialis

anterior,

EDL: extensor digitorum longus, GC:

gastrocnemius, SOL : soleus, (S): superficial portion, (D): deep portion.
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Figure 3. Phosphofructokinase (PFK) activity in each type of single muscle fibre of different

types in various muscles.
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Figure 4. Succinate dehydrogenase (SDH) activity in each type of single muscle fibres of different

types in various muscles.
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Figure 5. Mitochondrial volume (%) in each type of single muscle fibres of different types

in various muscles.
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Figure 6. Figure 6. Relationship between SDH activity and mitochondrial volume in each type

of single muscle fibres of different types in various muscles.
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