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THE FUNCTIONAL PROPERTIES OF VERY SMALLER MYOFIGERS IN
REGENERATED SKELETAL MUSCLE AFTER
EXERCISE-INDUCED MUSCLE INJURY

MINENORI ISHIDO, TOMOE HIRANO and NORIKATSU KASUGA

Abstract

Markedly smaller myofibers including branched myofibers (SF) were contained in regener-
ated skeletal muscles. However, its functional properties are not yet sufficiently understood. The
present study examined the metabolic, contractile properties and hypertrophy of SF included in
rat skeletal plantaris muscles regenerated from eccentric contraction-induced muscle injury. Sue-
cinate dehydrogenase and alpha-glycerophosphate dehydrogenase activity of SF were respectively
similar to that of other normal size myofibers (NF) within regenerated muscles. The shortening
velocity of skinned fibers prepared from branched myofibers isolated from regenerated muscles
was slightly slower than that of control muscles. In addition, the extent of glycogen depletion in
SF was similar to that of NF after exhaustive running. Therefore, SF were innervated by
motoneurons and recruited during the contractile activity of the skeletal muscle. No matter when
the regenerated muscle was loaded by synergistic ablation, the continued existence of SF was
observed. Therefore, the ability of hypertrophy in SF may be distinct from that in NF. The phy-
siological properties of SF were similar to that of normal myofiber, except for the ability to reg-
ulate hypertrophy.

(Jpn. ]. Phys. Fitness Sports Med. 2005, 54 : 269~278)
key word : regenerated skeletal muscle, SDH activity, a-GPDH activity, skinned myofiber,
branched myofiber
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Fig. 1.

Frequency distribution of cross-sectional area of type IIb myofiber in C and E group.

(C) indicates control plantaris muscles, and (E) indicates regenerated plantaris muscles 6
weeks post-eccentric contraction. Type IIb myofiber sampled in E group were classified into
two populations, i. e. one was the SF population whose cross-sectional area was <1000 /lmz
and the other was the NF population whose cross-sectional area was=>1000 #mz . In C group,

there was no SF population detected.
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Table 1. Relative plantaris muscle weight and mean cross-
sectional area of type IIb myofiber in C and E group.

Relative muscle weight Mean cross-sectional area

(mg/100g body weight) of type IIb myofiber (um?)
C 94.30 = 5.05 2449.73 = 337.31
E 91.11 + 4.32 2156.52 + 232.88

Values were expressed as means = SD. C, control ; E, regenerated
muscle 6 weeks post-eccentric contraction. There was no signifi-
cant difference any parameter between the two groups.
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Fig. 2. Photomicrographs showing single branched
myofiber isolated from regenerated plantaris muscle
6 weeks post-eccentric contraction by stereoscopic
microscope. The bottom photomicrograph is a photo-
micrograph where the part of the circle of the upper
photomicrograph was expanded. Arrows indicate
branched myvofibers. Bars=100 #m
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Fig. 3. «-GPDH (A} and SDH (B activities of type 1b
myvofibers from C group. the NI¥and SIF population
of E group. Values were 111(11( ated as the means &
S.D. Each enzyme activity was represented as optic-
al density (O. D) units. There was no significant dif-
ference among C group. the NF and SF population of

As to(NF)

E group and (SE, see Figo 1.
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Fig. 4. Maximum tension (N/cm?) (A) and shortening velocity (fiber length/sec) (B) of skinned
fibers from myofibers in the control plantaris muscles, NF and SF in regenerated plantaris
muscles. Values were indicated as the means£S. D. *p<0.()54
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Table 2. Relative plantaris muscle weight and mean cross-
sectional area of type IIb myofiber in C, FO and EFO group.

Mean cross-sectional area
of type IIb myofiber (um?)

Relative muscle weight
(mg/100g body weight)

C 101.10 = 4.98 3036.11 + 161.08
FO 138.89 = 16.21" 4358.53 + 317.50"
EFO 140.22 = 15.01" 3399.24 = 662.30

Values were expressed as means =SD. C, control ; FO, functional
overload in intact muscle ; EFO, functional overload in regenerated
muscle.

*significantly different from C ; *p<0.05‘
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Fig. 6.

Frequency distribution of cross-sectional area of type IIb myofiber in C, FO and EFO

group. The SF population was detected in EFO group but not in C and FO group.
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