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The interrelationships between myosin-based and metabolism-based muscle
fiber type in rats, and their changes induced by endurance training

Masanobu WADA, Isao KANBAYASHI, Satoshi SHIMEGI
and Shigeru KATSUTA

The interrelationships of histochemically myosin-based and metabolism-based classification of
skeletal muscle fibers and their changes by endurance training were investigated in plantaris muscle
of the untrained rats and trained ones in response to 10 weeks of the treadmill running. With training,
the transformation of Type IIB fibers to Type IIA fibers occurred, and succinate dehydrogenase
activities increased twofold. The staining intensity of each fiber for reduced nicotinamide adenine
dinucleotide reductase was evaluated in five grades; very dark, dark, intermediate, light, very light.
When the criteria used for judging a fiber as oxidative were defined as more than intermediate,
training induced no sighificant increases in the percent of fast-twitch oxidative glycolytic (FOG)
fibers. In both untrained and trained rats, Type IIA fibers corresponded to FOG fibers. On the other
hand, one fourth to half of Type IIB fibers fell into oxidative range; Type IIB fibers were not
synonymous with fast-twitch glycolytic (FG) fibers. Following training, there was a tendency for
decreases in the percent of Type IIB-FOG fibers. These results suggest that myosin-based and
metabolism-based fiber type are not coupled and increased contractile activity may evoke a change
in the correlation between fiber types by distinct fiber classifications, and that histochemical staining
for oxidative potential is an inaccurate method to separate fibers into types.
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Table. 1. Program of progressive

endurance training

Age Speed Duration
(wks) (m/min) (min)
5 30 20
6 30 30
7 30 60
8 30 90
9 30 120
14 30 120

Values refer to the beginning of each week.
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Table. 2. Comparisons of body weight and muscle
weight in untrained and trained groups.

Muscle weight

body weight
n

Group

(2) (mg) (mg/g Body weight)
Untr. 6 445.0+14.0 373.1427.9 0.86+0.06
Tr. 5 384.0%+15.2** 375.5%+32.5 0.95+0.07**

Values are means+SD. 3 *xdenotes significant difference

compared to untrained group at 0.01 level.

Table. 3. Comparisons of percentage
distribution of fiber types based on
an activation or inactivation of the
myofibrillar actomysion ATPase
by acid and alkali preincubation in
untrained and trained groups.

Group Typel TypellA TypellB %
Untr. 5.0+£1.3 23.5%5.9 71.4£5.3
Tr. 8.4+3.1* 40.2+8.4** 51.2+4.2**

Values are means+SD. *and**denote significant
differences compared to untrained group at 0.05 and
0.01 levels, respectively. The percentage of typellC
fibers is not presented
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Fig. 1 Photomicrographs of serial cross sections
stained for myofibrillar actomyosin
ATPase (A—C) and NADH-TR (D).
Pannels A, B and C are myofibrillar
actomyosin ATPase stains after
preincubation at pH 10.3, 4.6 and 4.3,
respectively. Most of Type IIA fibers
stain intensively for NADH-TR. Among
Type IIB fibers, NADH-TR staining
intensity varies widely.
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Table. 4. Metabolic subgroups within
myofibrillar actomyosin ATPase
subgroups of fast twitch fibers in
untrained and trained groups.

Criterion of Typell A TypellB
Group .
“oxidative” %
Unt more than FOG 1000 52.4+9.9
ntr.
intermediate FG 0£0 47.6+9.9
more than FOG 98.7£1.4 28.3+6.2
dark FG 1.3£1.4 71.7+6.2
T more than FOG 1000 44.6£12.6
T.
intermediate FG 0+0 55.4x+12.6
more than FOG 99.5%0.7 23.6x12.3
0.5+0.7 76.4+12.3

dark FG

Table. 5. Comparisonss of percentage distribution of
fast twitch fiber metabolic “subgroups
dependent on different criteria in untrained
and trained groups.

Criterion of FOG FG
Group L —
“oxidative” %
Untr. more than 60.0+10.8 35.0£8.4
intermediate
more than 42.2+5.5 52.8%6.1
dark
Tr. more than 63.2+6.9 28.4+7.9
intermediate
more than 52.6+7.5%* 39.0+6.2**
dark

Values are means +SD.
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Values are means=SD. **denotes significant
difference in each criterion compared to untrained

group at 0.01 level.
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Fig. 2 Comparisons of succinate dehydrogenase
activity in untrained and trained groups.
% denotes significant difference compared
to untrained group at 0.05 level.
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