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Abstract

The purpose of this study was to investigate the effect of short duration stretch-
ing for prevention of disuse muscle atrophy under anesthesia in mature rats. Four-
teen male Wistar rats (weight: 522+62g) were divided into experimental and con-
trol groups. Disuse muscle atrophy in experimental group was induced by hindlimb
suspension (HS) for two weeks. Non-elastic tape was used to maximally stretch the
right soleus muscle (SOL) by dorsiflexing the ankle joint under anesthesia for 20
min a day, 5 times a week, during the period of HS. The left SOL was left un-
stretched. Control rats were only anesthetized without HS.

Muscle adenosine triphosphatase (ATEase) histochemical staining, followed by
morphometric analysis, demonstrated that mean cross-sectional area of muscle fiber
in stretched SOL was significantly greater than that in unstretched SOL (both type I
and II). No differences in muscle weight and the percentage distribution of muscle
fiber type were observed between stretched and unstretched SOL. The results sug-
gest that progression of disuse muscle atrophy in mature rats can be attenuated, but

not completely prevented, by maintaining stretched position for 20 min a day.
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data of use to a physical therapist. In recent

Introduction o )
years, hindlimb suspension (HS) has been
Disuse muscle atrophy has been reported developed as a model for the effects of long-
in many studies'™, but these contain few term bed rest?”. We have used HS for

) animal experiments to study prevention of
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long-term bed rest or soon after an operation.
Instead, electrical stimulation and isometrical
For this

reason, we were particularly interested in

contraction have been used®.

“stretching”, an important factor in atrophy
prevention for skeletal muscle.

Previous findings from animal experiments
indicate that skeletal muscle hypertrophies
during immobilization in lengthened position,

15)

and atrophies when shortened!'®. However,

because lengthened immobilization can
induce muscle atrophy of the antagonist, we
thought it might be possible to prevent atro-
phy clinically by short duration stretching
and have examined the effect of this

D12 A previous study confirmed

procedure
the positive effect in the absence of anesthe-
sia in growing rats'’. To exclude the influ-
ence of resistive exercise, the effect of the
procedure under anesthesia is reported here'?,

The purpose of this investigation then was
to examine the effect of short duration
stretching under anesthesia to prevent disuse
muscle atrophy in mature rats, and to ex-
clude the influence of growth. In addition,
the results were compared with those of the

previous study.
Materials and Methods

Experiments were performed on 14 mature
male Wistar rats (age, 6 months; weight, 522
+62g). Soleus muscle (SOL) atrophy was in-
duced by HS with the aid of a jacket'?.
Weight-bearing was the only restriction on
hindlimb activity, while the forelimb main-
tained contact with the floor, thus allowing
the rats free access to food and water. The
rats were divided into an experimental and a
control group.

In the experimental group, non-elastic tape

F2BEFECS

(100 X 25mm) was used to maximally stretch
the right SOL (n=7; STR) by dorsiflexing the
ankle joint under ether anesthesia for 20 min
a day, b times a week, during the period of
HS!Y. The left SOL (n=7; SUS) was left un-
stretched. Control rats (n=7; CON) were
only anesthetized for 20 min a day without
HS.

The experiment lasted two weeks. Rats were
deeply anesthetized with an intraperitoneal
After

body weight was measured, the SOL was dis-

injection of sodium pentobarbital.

sected, weighed, and prepared for histochem-
ical study. Serial transverse sections of 10
um were cut with a cryostat and stained for
triphosphatase
(ATPase) to determine the fiber type (I - II).

A minimum of 200 fibers in each muscle was

myofibrillar adenosine

used to determine the percentage distribution
of fiber types and the cross-sectional area of
the fibers'?.

Results were tested with a one-way analy-
sis of variance (ANOVA). If significance was
achieved (p<0.05), paired comparisons were
performed with Scheffe’s method.

Results

Summaries of the results are presented in
Tables 1 and 2. Muscle wet weight and
muscle-to-body weight ratio were signi-
ficantly decreased in the experimental group
as compared with CON, but differences be-
tween SUS and STR did not reach statistical
significance. A trend toward a higher per-
centage of type I fiber and less type I fiber
was noted in the experimental group, but
again differences between SUS and STR were
not significant.

The mean cross-sectional area of type I

fiber in SUS and STR decreased significantly
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Table 1. Muscle wet weight and muscle-to-body weight ratio

(n) SUS (7) STR (7) CON (7)
Muscle wet wt (mg) 143.7£23.5 163.6+22.1 232.6+34.4%
Muscle wet wt (mg)
0.33%0.03 0.38%+0.03 0.4530.04*

Body wt (g)

Values are means*SD. *: p<0.05 (compared with SUS).

Table 2. Percentage and cross-sectional area of SOL fibers

STR CON
Percentage Typel 77.61£4.6 75.1+5.3 85.0+4.5*
(%) Typell 22.41+4.6 24.91£5.3 15.04.5*
Cross-sectional area Typel 19381645 2586+ 748" 3784+1067*
(um?) Typell 1603527 2031 +527* 3203+844*

Values are means®SD. *: p<0.05 (compared with SUS).

to 51% and 68% of CON, respectively. Simi-
larly, the type II fiber area in SUS and STR
decreased significantly to 49% and 62% of
CON, respectively. In both the type I and II
fiber areas, STR was significantly larger than
SUS (Fig. 1).

Figure 2 shows the distribution of type I
and II fiber population for each group. For
both types, STR was situated between SUS
and CON. The results indicate that disuse
muscle atrophy could not be completely pre-
vented by stretching, but it was possible to

delay the progression in mature rats.
Discussion

Differentiation of SOL (slow muscle) in rat
is slower than that of the extensor digitorum
longus muscle (fast muscle), which is almost
completed by the 90th day after birth!®.
Also, as muscle weight and diameter of
muscle fiber grow the greatest in the first 20—
30 weeks after birth!”, the rats (24 weeks)
used for this study can be regarded as being
in the mature phase. Further, because type
I fibers of SOL in mature rats account for

85-90% of all fibers'®, it is thought that the
results for CON (85%) in this study are appro-
priate.

No differences in muscle weight or percent-
age distribution of muscle fiber type were ob-
served between STR and SUS, whereas the
cross-sectional area of muscle fiber in STR
was significantly greater than in SUS (both
type 1 and 1), and retardation of atrophy
progress was seen. Table 3 shows a compari-
son of the results of our previous study and
this one. In studies of growing rats, the
effect of resistive exercise without anesthesia
was confirmed on the basis of muscle weight
and the cross-sectional area of type 1 fiber!?.
Furthermore, because the effect of temporary
stagnation on growth by HS had to be
estimated!?, this study was done with
matured rats. The results show that retarda-
tion of atrophy progress was also confirmed
under anesthesia. Therefore, our results sug-
gest that progression of disuse muscle atro-
phy can be attenuated, but not completely
prevented, by maintaining a stretched posi-
tion for 20 min per day.
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Fig. 1. Cross-sections of soleus muscle is shown.
Alkaline ATPase activity was used to dis-
criminate typel (light stain) and typell
(dark stain) fibers. A: SUS, B: STR, C:
CON. The scale bar represents 100 yum.

As for the degree of attenuation, although
the two studies show few difference in
regard to type I fiber, consideration that the
percentage of type I is higher in the mature
than in the growing phase would lead one to
expect, stretching would be more effective
for the entire SOL in the mature phase.
Reversely, although differences in the rela-
tive values for type I fiber were seen in the
growing and mature phases, namely 8% and
13%, respectively, almost similar effect can be

expected because the actual percentage, even
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Fig. 2. Percent distribution in cross-sectional area
of muscle flber. (A) Type I fiber. (B) Type
II fiber.

in the mature phase, is relatively low,
Chino'® has reported that atrophy as a
result of aging is more remarkable in type I
than type 1. It is suggested that muscle
power decreases remarkably, but that muscle
strength is comparatively maintained in
older people. Furthermore, Haida et al?”
have shown in animal experiments that atro-
phy in the early stage of the aging process is
produced selectively in fast muscle. Conse-
quently, in terms of retarding the progres-
sion of disuse atrophy as a result of aging, in-
hibition of atrophy in type I fiber is
regarded as important. As the effect of short
duration stretching was recognized in the
mature phase for both type I and I fiber,
further studies of the effect in older rats is

needed.
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Table 3. Comparison of stretching effect by difference in experimental method

Experimental Phase of rat Relative wt  Percentage Cross-sectional area
method ratio of fiber types type I typell
Without anesthesia Growth STR>SUS NS STR>SUS STR>SUS
(Ref. 11) (199) (17%)
Under anesthesia Growth NS NS STR >SUS STR>SUS
(Ref. 12) (16%) ( 8%)
Under anesthesia Maturity NS NS STR>SUS STR>SUS
(This study) (1796) (13%)

NS: Not significant. >: Significant.

STR: Stretch group.

SUS: Suspension group. Parcentage in

parenthese shows difference in relative value compared with control.

References

1) St-Pierre D, Gardiner PF: The effect of immo-
bilization and exercise on muscle function. A
review. Physiother Can 39: 24-36, 1987.

2) LeBlanc A, Gogia P, et al.: Calf muscle area
and strength changes after five weeks of hori-
zontal bed rest. Am J Sports Med 16: 624-629,
1988.

3) Gogia PP, Schneider VS, et al.: Bed rest effect
on extremity muscle torque in healthy men.
Arch Phys Med Rehabil 69: 1030-1032, 1988.

4) Witzmann FA: Soleus muscle atrophy in rats

induced by cast immobilization. Lack of effect

by anabolic steroids. Arch Phys Med Rehabil

69: 81-85, 1988.

Herbison GJ, Jaweed MM, et al.: Muscle fiber

atrophy after cast immobilization in the rat.

Arch Phys Med Rehabil 59: 301-305, 1978.

6) Haida N: Cell science of disuse muscular atro-

phy. Rigaku rydohogaku 21: 94-97, 1994.

7) Musacchia XJ, Deavers DR: A new rat model
for studies of hypokinesia and antiorthostasis.
Physiologist 23: 91-92, 1980.

8) Yamazaki T, Haida N, et al.: Effect of passive
stretch on disuse atrophy of soleus muscle in
rat. Histochemical analysis. Rigaku ryoho-
gaku 20: 87-92, 1993.

9) Yamazaki T, Tachino K, et al.: Effect of
weight-bearing on disuse muscle atrophy in
rats. Study of weight-bearing time in a day.
Memoirs Al Med Prof Kanazawa Univ 17: 63—
67, 1993.

10) Yamazaki T, Haida N, et al.: Effect of weight-
bearing in prevention of disuse atrophy in rat
hindlimb muscles. Study of weight-bearing
frequency in a week. Rigaku ryohogaku 22:

&

108-113, 1995.

11) Yamazaki T, Tachino K, et al.: Effect of short
duration stretching in prevention of disuse
muscle atrophy. Rigaku ryohogaku 21: 213
217, 1994.

12) Yamazaki T, Tachino K, et al.: Effect of short
duration stretching under anesthesia in pre-
venting disuse muscle atrophy in rats. Rigaku
ryoho janaru 29: 135-138, 1995.

13) St-Pierre D, Leonard D, et al.: Recovery of
muscle from tetrodotoxin-induced disuse and
the influence of daily exercise.1. Contractile
properties. Exp Neurol 98: 472-488, 1987.

14) Goldspink DF: The influence of immobilization
and stretch on protein turnover of rat skeletal
muscle. J Physiol 264: 267-282, 1977 .

15) Kitazawa T: Regulatory mechanisms of muscle
hypertrophy and atrophy. Sogo Rihabiriteshon
9:427-434, 1981.

16) Okada S, Nonaka I, et al.: A histochemical
study of muscle fiber differentiation in the rat
muscle. Neurol Med (Tokyo) 15: 363-370,
1981.

17) Rowe RWD, Goldspink G: Muscle fiber growth
in five different muscles in both sexes of mice.
1. Normal mice. J Anat 104: 519~-530, 1969.

18) Katsuta S, Ito K, et al.: Properties of skeletal
muscle fiber types and factors effecting them.
Part 2. TFactors influencing skeletal muscle
fiber types. Tairyoku kagaku 38: 13-26, 1989.

19) Chino N: Aging of muscles in the elderly.
Sogo Rihabiriteshon 19: 277-282, 1991 .

20) Haida N, Tachino K, et al.: Effect of exercise on
age-related muscle atrophy in rat hindlimb
muscles. Sogo Rihabiriteshon 22: 849-853,
1994.

NI | -El ectronic Library Service



Japanese Physical Therapy Association

354 HisEES 23 BRE 6

<E 5>

SERS R HRALRFED R S v P OREAMHERTFHICRIETHR

s R84, E BSE, KH (53R
SRR PR R ETR

g #
STV

RRET v b b5 A B OBERMEERETFI I RIZ T, MR RIRAL R O SR % i~ T
ML 1,

IAVCORRE Y « 25 —FHES v + 488 %, EEREESURBHIC T 7o, EEEFZ 2
OB EER I THEREEERE Lz, T, AREMEE—H 204 (55 /8,
MR CTRAREBAICREL, b o xfZMR L (RED, ZfIdBEDA L L (&
B, WREFRBELSIE, MBOAERL I, EBRETHICE S AHEEREZAIER,
ATP Gt 21T W LEr b L 7,

Z DR, TEEERB IO 4 THELERE, ERERICERE -, HEREE
DR OEMEIE, 2471 - D& bIHER L D ERERLY, BERID
ARICKRED oo Plh&by, FERIFERMARE, B#ET v b b 5 2 FHORERAMESE
ik AWEEOBRDE, ilTE 5 LRI,

NI | -El ectronic Library Service



