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The effects of the immobilization and endurance training

after the immobilization on the skeletal muscle fibers of rat.
Noboru HOTTA

1. The purpose of the present study was to clarify the effects of the
immobilization and the endurance training after the immobilization
on the muscle fiber composition, muscle fiber areas and actomyosin

ATPase activities of m.plantaris and m.soleus.

2. One hind limb of male Spragu Dawley strain rat was forced to fully
stretched or shortened immobilization with plaster cast for 4 weeks
from the age of 9-week-old. After immobilization, they were forced to

endurance running training on a treadmill 5 days per week for 4 weeks.

3. The muscle fibers were classified into fast-twitch-glycolytic(FG),
fast-twitch-oxidative-glycolytic(F0G) and slow-twitch-oxidative(SO)
types by myosin ATPase and SDH stain methods. The actomyosin ATPase
activities of the homogenized muscles were measured by Fiske- SubbaRow
method.

4. After stretched and shortened immobilization, fiber areas of all types
in m.plantaris were smaller than that of the control : in case of
the stretched immobilization, the areas were 53.7, 49.9 and 51.8%
smaller, in FG, FOG and SO fibers,respectively ; in case of the shortened
immobilization, the decrease of the areas was 61.8, 58.8 and 60.9%,
respectively. Therfore, the atrophy was greater in shortened than in
stretched immobilization.
The atrophy of m.soleus ahowed the same tendency as of m.plantaris
( I-ST:43.5, 41.0 and 46.4, I-SH:49.9, u45.3 and 47.6%, for FG, FOG and
SO fibers,respectively ). Also, the actomyosin ATPase activities of
m.plantaris were decreased in stretched and in shortened immobilization

more than in the control, by 33% and 46%, respectively.

5. No significant difference was detected in any fiber types and relative
fiber areas of m.plantaris and m.soleus among control group, immobilization
groups and training groups. After endurance training, the hypertrophy
of m.plantaris and m.soleus in stretched position is greater than in

shortened.
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In conclusion, m.plantaris in shortened immobilization was atrophied
more than in stretched immobilization. Also, actomyosin ATPase activities
of m.plantaris in shortened were decreased more than in stretched
immobilization. While, the atrophy of m.soleus was almost the same
tendency as of m.plantaris.

After training, the hypertrophy of m.plantaris and m.soleus in stretched
immobilization occurred faster than in shortened immobilization. However,
the fiber area and actomyosin ATPase activity did not recover to

the values obtained before immobilization.



Table 1. -Number of rats in this study.

Group Number
Cont. 6
Cont. 6
I-ST 9.
I-SH 9
Cont. 6
I-T-ST 7
I-T-SH 8

Cont.
I-ST
I-SH
I-T-ST
I-T-SH

Control group.

Stretched
Shortened
Stretched
Shortened

immobilization
immobilization
immobilization
immebilization

group.
group.
and training group.
and training group.



Table 2. Training program.

Week Speed Duration Frequency
m/min min/day days/week
1 12.0 5-10 2
15.0 5-10 2
18.0 10-15 2
2 22.0 15-20 5
25.0 20-25 5
L 25.0 25-30 5




Table 3. Histochemical enzyme profile used to claasify

muscle fibers.

myosin ATPase
(pH 9.4)
Dark

Light

Dark

SDH

Light

Intermediate

Dark

Fiber type

Fast-twitch~-
glycolytic- (FG)

Slow=twitch-
oxidative (S0)

Fast-twitch-
oxidative-glycolytic
(FOG)




Table 4. yWeight of m.plantaris and m.soleus in
control group and immobilization group after
h-week fixation.

Muscle Weight (mg)

M.Plantaris M.Soleus

307 138
304 98
Cont." 277 101
292 96
308 104
266 98
X 296.3 105.5
sD 15.94 14.81
ley 57
164 52
198 61
I-ST 208 53
207 62
158 52
207 - 50
166 43
173 ' 51
X 182, 8%%% 53, Lfdd
5D 20.38 5.52
188 Ly
196 48
205 47
1-58 186 59
142 56
195 55
175 Ly
180 41
194 39
X 184, BRNk Lg,1%%%
SD 17.27 6.60

#%% P<0.001 Cont.vs.I-ST,I-SH

The abbreviations are the same in Table 1.



Table 5. Weight of m.plantaris and m.soleus in control
group and training group after L4-week endurance training.

Muscle Weight (mg)

M.Plantaris M.Soleus
377 150
283 133
Cont. 315 131
371 183
343 147
347 123
X 339.3 1u42.8
Sh: 32.29 19.45
279 128
269 88
3u7 145
I-T~ST 268 78
347 132
318 137
286 113
X  302.0"% 117.3% %
SD 32.37 23.63
324 128
288 98
225 100
I-T-SH 248 . 90
318 130
314 135
312 110
301 113
X 291.3% 113.0%
S

D 33.73 15.53

% p<0.05 Cont.vs.I-T-SH
ns not significant Cont. vs.I- T-ST

The abbreviations are the same Table 1.



Table 6. Muscle fiber composition of m.plantaris and m. soleus in all groups.

M.Plantaris (%) M.Soleus (%)
. FG FOG SO FG FOG S0

X  ul1.7 53.0 5.3 0.2 28.7 71.1
Cont. SD  3.76 5.28 1.73 0.29 L4.19  u.25
X 37.4  58.1 4.5 5  38.5 61.0

Cont SO 3.40 2.20 1.38 0.30 3.24  3.48
I_sT X 36.6 58.5 4.9 0.8 38.5 60.7
SO 2.44  2.61 0.73 0.31 1.82 2.11

K X 33.9 60.1 6.0 0.6 L41.8 57.6
SO 3.50 2.75 2.35 0.1 5.73  5.83

Cont X  35.4  59.7 L.9 0.9 35.0 64.1
. SD  4.36  3.91 2.12 0.46 4.00 4.00

X  34.6 60.L 4.8 1.0 36.2 62.8
I-T-ST SD L4.40  4.79 3.70 0.40 2.12 3.91
X 34.2  81.2 4.6 0.9 34.1 66.3
T-T-SH SO 4.71 4.36 2.88 0.L7  L4.Lh 1,96

The abbreviations are the same in table 1.



Table 7. Muscle fiber area of m.plantaris and m.soleus in all groups.

Cont.

Cont.

I-T-ST

I-T-SH

M.Plantaris (4m?) M.Soleus (Hm*)

FG FOG SO TG FOG SO
X 1097.9 1100.6  1458.7 1439.4  1347.5 1980.8
SD 128.03 206.74  130.88 169.80  110.40  147.u5
X 1627.0  1693.9 2032.1 1633.8 1729.0 2149.8
SD 157.73  157.u49 340.05 135.63 131.15 272.62
X 752.6%%% gug,p%%k 979, ukkk 923,8%%%] (019, 8%%X]] 52, 2%k
SD 136.29  146.38  118.62 265.23  209.55 210.08
}—{_ 619.5%%% 79, 4fkd 795 (Qffh 817.9%%% gu5 Likk]]0g, 9hHE
SD 109.14 # 106.50 # 141.58 # 133.35018.108.59N8119,41 N8
X 1681.9  1794.6  1991.2 2048.2  2111.6 2395,
sD 176.42 230.84  286.32 206.37 207.76  279.35
X 1391.1%% 146616% 1580.2% 1827.08% 1938.9"8 2256, 308
SD 102.61 173.61 172.22 187.96  250.50 237.18
X 1254, 3%%%]330,9%%%X] 430, 5%%% 1063, 2%%%] 369, 3%XHI QT hHk%
SD 103.42 # 92.140S 68.01RS 171.79###200. 27 #4#189. 7 3###

Ta o,

ta ole
‘nﬂ‘n(\f

#H##

ns

p<0.05 Cont.vs.I-T-ST
p<0.001 Cont.vs.I-ST,I-SH,I-T-SH

p<0.05 I-STvs.I-SH

p<0.001 I-T-ST vs.I-T-SH

not significant

The abbreviations are the same in Table 1.



Table 8. Relative muscle fiber area of m.plantaris and m.soleus in all groups.

M.Plantaris (%) M.Soleus (%)
FG  FOG SO FG  FOG SO

Cont X 30.1 29.9  40.0 30.1 28.3 L4l.6
: SD  0.79  1.79  1.40 1.82  0.94%  1.89
Cont X 30.5 31.8  37.7 29.7  31.4  38.9
“ SO 1.09 1.28 2.26 1.56 1.09 2.15
ST X 29.0 32.8  38.2 29.4  33.1  37.5
SD  1.66 1.55  1.99 3.54 1.89  2.02

IosH X 29.6 32.5 37.9 28.2  32.7  39.1
SD° 2.17  1.33  2.45 2.19  0.97 1.79

Cont X 30.9 32.8 36.3 31.3  32.2  36.5
' SD  0.99 0.36 1.07 0.u4  0.79  1.03
I.rsy X 31.9  33.0 35.1 30.3  32.2  37.5
SO 1.75 0.69 1.31 0.82 1.12  0.66

I_T_sy X 31.2  33.1  35.7 30.6  33.2  36.2
SD  0.86 0.38 1.20 0.89  0.47  1.15

The abbreviations are the same in Table 1.



Table 9. Actomyosin ATPase activities of m.plantaris
and m.soleus in allgroups.

M.Plantaris M.Soleus
4 pi pmol/protein mg.min
Cont. 1.61 (3) 0.61 (2)
Cont. 1.65 (3) 0.50 (2)
I~-ST 1.10 (2) 0.57 (1)
I-SH 0.89 (2) 0.48 (1)
Cont. 1.61 (3) 0.39 (2)
I-T-ST 1.24 (3) 0.38 (2)
I-T-SH 1.08 (3) . 0.38 (2)

(n) is the number of samples.

The abbreviations are the same in Table 1.
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Fig 3.

in control and training groups and after 4-week fixation.

The abbribiations are the same in Table 1.
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Fig Uu.

in control and immobilization groups.

The abbriviations are the same in Table 1.
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The abbriviations are the same in Table 1.

Fig 5.



Stained for

Myosin ATPase SDH Myosin ATPase SDH

M.Plantarzxs M.Soleu=z k‘ﬂ%‘*

Fig 6. Photomicrographs of serial sections of muscle sample from 9-week-old control rat
plantaris muscle and soleus muscle stained for myosin ATPase and SDH activities.
Fast-twitch-glycolytic(FG),fast-twitch-oxidative-glycolytic(F0G) and slow-twitch-

oxidative(S0O) are shown. Magnification is x280.
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Myosin ATPase SDH Myosin ATPase SDH

Cont.

M.Plantaris M.Soleus

Illlll
Fig 7. Photomicrographs of m.plantaris and m.soleus in control group and immobilization groups k‘50g4

after 4-week fixation. The abbreviations are the same in Table 1. Magnification is x280.
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Myosin ATPase SDH Myosin ATPase SDH
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Fig 8. Photomicrographs of m.plantaris and m.soleus in control group and training groups BOH%
after 4-week endurance training. The abbreviations are the same in Table 1. Magnification

is x280.
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