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A Basic Study on the Skeletal Muscle
from the Standpoint of Sports Aptitude
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The Effect of Ions and Buffers in Acid
Preincubation Solution on Myofibrillar
ATPase Stain of the Rat Skeletal Muscle

by
‘Hideki Matoba‘
Laboratory of Biomechanics and Physiology,

Department of Generval Education,
Yamaguchi University

ABSTRACT

The effect of ions and buffers in acid preincubation solution on the
myofibrillar ATPase stain of the rat plantaris muscle was examined. The
time course of the activation of type I fibers and inactivation of type II
fibers varied depending on the species and concentration of ions and buf-
fers. A good discrimination between fiber types was produced with a
combination of ions and buffers where the activation of type I fibers and
inactivation of type II A fibers were completed in less than five minutes.
Muscle fiber types were clearly identified with the preincubation solution
of 100mM citrate (pH 4.55~4.60) in which no neutral salts were added.
100mM succinate or the conbination of 100mM acetate and 100mM KCl



was also acceptable.

We speculated that ions and buffers bound directly to myofibrillar pro-

tein with different strengths and thereby altered the rate of activation and

inactivation of myofibrillar ATPase in a vareid degree.
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B11 A general pattern of the activation of type
I fibers and inactivation of Typell fibers dur-
ing the acid preincubation. The staining in-
tensity of the myofibrillar ATPase is rated
subjectively on a scale of 0 to 3.  Arbitrary
units of 0 and 4 show light and dark stain, re-
spectively. Arbitrary units of 1 and 2 demon-
strate two ranks of intermediate stain.
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Maximum Tension Per Cross-Sectional Area
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ABSTRACT

The effects of muscle growth and training on the maximum tension



(MT) per cross-sectional area (CSA) were studied in fast twitch (FT)
and slow twitch (ST) skinned fibers of extensor digitorum longus and
soleus in the male mice. The fiber classifications, fiber diameters and iso-
metric tensions were investigated from 8 to 86 days after birth. The re-
sults were summarized as follows: .

1. Body weight, CSA and MT increased rapidly until about 50th days,
and reached to steady level thereafter. After 50th days CSA were higher
for FT fibers relative to ST fibers.

2. Hypertrophy of fibers and MT increases were observed in the train-
ed group.

3. MT per CSA (kg/cm?) increased rapidly up to 50th days in both
fiber types. Relative the rate at 80th days against 10th days were 1.98
and 1.93 in ST and FT fibers, respectively. However, there were no sig-

nificant differences between trained and control groups and between ST

and FT fibers in the rates.
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#% 1 Body weight and cross-sectional area and maximum tension in single skinned
fibers (Mean+S.D.). Fibers were classified into ST and FT fibers following pSr-
tension relation according to Takagi & Endo (1977).

Number Cross-Sectinal Area Mazimum Tension
Age Body Weight (em?X107%) (kgx107%)
(days) (2) :
ST|FT /| ST FT ST FT fiber
(control)
8~14 6.61+0.76 8 10 0.46:+0.16 0.41+0.21 0.250.07 0.26+0.16
15~24 11.50+£2.79 8 9 ’ 0.641+0.21 0.67+0.17 0.47+0.29 0.46+0.16
25~34 21.2042.99 5 10 1.08+0.31 1.20+0.29 0.94+0.28 1.10:+0.32
35~44 34.07+1.70 7 9 1.3220.21 1.42+0.31 1.43+0.28 1.36+0.40
45~54 38.67+1.25 6 5 1.44+0.28% 1.86%+0.30 1.67:£0.44* 2.29+0.63
55~64 39.46+1.58 10 9 1.39-+£0,22%% 1.9240.33 1.53£0.43%* 2.21+0.53
65~74 38.69+1.40 8 6 1.30£0.17%* 1.77+0.32 1.434+0.32%* 2.14+0.51
75~86 39.85+2.73 8 7 1.694+0.43 1.96+0.29 1.89+0.44% 2.44+0.47
(trained) k
82 34.03+1.87 5 5 1.8140.20%* 2.36:£0.21 2.05+0.40 2.76+0.56
#* p<{0.05, - % p<{0.01
1.4
1.2
E 10
E,
=
2 0.8
&
0.6
0.4 ’
(Control Group) (Trained)
L B L 1 1 1 2 3 1 A

0 8-14

15-24 25-34  35-44

45-54 55-64 65-74 75-86 82

Age in Days

B2 Variation of maximum tension per fiber cross-sectional area

during growth (Mean+S.D.). O FT,
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Influence of Hypobaric Hypoxia
and Physical Training on Fiber Composition
of Skeletal Muscle in Rats
by
Kazuo Itoh
Faculty of Education, Kobe University

Sadayoshi Taguchi
College of Liberal Arts, Kyoto University

ABSTRACT

Twenty four male Sprague-Dawley rats, 35 days old, were randomly
assignet to one of four groups: 2 resting control groups and 2 swimming
groups.

The hypoxia control and hypoxia swimming groups were housed for
one week at 550 torr, followed by 4 weeks at 460 torr.

The sea-level control and the sea level swimming groups were housed
for 5 weeks at 760 torr. ’

The swimming program consisted of endurance swimming at a 30
minutes a day, 6 days a week, for 5 weeks.

At ten weeks of age, fiber composition of thier hind-limb muscles were
histochemically studied. Samples of the soleus, EDL, plantaris and tibialis
ant. muscles were sectioned (10 #m thick) by cryostat at —20°C.

The sections were stained with succinate dehydrogenase (SDH) and
myosin adenosine triphosphatase (ATPase), and the muscle fiber were clas-
sified in to the three types: FG, FOG, SO.

In soleus muscle, hypoxia and swimming induced significant increase in
FOG fibers, and decreas in SO fibers.

Sea-level control group had the lowest percentage in FOG fibers com-
pared to the other groups.

EDL and plantaris muscles had a significantly higher percentage of FOG

fibers in the hypoxia and swimming groups than in the sea-level control
group. |

These results obtained in the present experiments indicated that hypoxia
is a triggerring factor for the conversions of muscle fiber types and the in-
crease in oxidative capacity.
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B 1 Growth of body weight in rat under four
different groups.

9 Transverse sections of soleus muscle in the rat of four different conditions.
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Comparison of heart weight and relative
heart weight in different groups.

heart weight

relative heart

(g) weight (mg)
Sea level M 0.828 2.50
Control S.D. +0.057 +0.10
Sea _leve} M 0.813 2.98
Swimming | ¢ 5 +0.057 +0.16
Hypoxia M 0.708 217
Control S.D. +0.104 +0.20
Hyppxia' M 0.752 327
Swimming | ¢ yy +0.068 +0.11
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3 Muscle fiber composition in soleus muscle
of four different groups.
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ABSTRACT

The muscle fiber composition of skeletal muscles in elite sports players
was examined from earlier reports. Sports were classified into (1) FT fiber
group, (2) Intermediate FT fiber group, (3) Intermediate ST fiber group and
(4) ST fiber group according to elite players’ muscle fiber composition. The
results were followed.

(1) FT fiber group-Track and Field: sprint.

(2) Intermediate FT fiber group-Track and Field: middle-distance:
shot-put: javelin throw, Canoe: 500m: 1000m, Ball games, Swimming: 100
m, Weight lifting, Kendo.

(3) Intermediate ST fiber group-Track and Field: middle-distance: walk,
Canoe: 10000m, Cycling, Cross-country skiing, Speed skating, Swimming :
200m.

(4) ST fiber group-Track and Field: long-distance: marathon, Oriente-

ering, Swimming : more 400m.
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