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Abstract. [Purpose] This study aimed to determine whether muscle atrophy induced by ischemic reperfusion injury in
rats can be prevented by the administration of antioxidants. [Subjects] Rats were randomly divided into three groups:
the non-treated group, vitamin C group, and vitamin E group. [Methods] Ischemia was induced in the right lower limb
a pressure of 300 mmHg for 90 minutes. Vitamin injections were administered six times from just prior to the induction
of ischemia until 60 hours after the reperfusion. The relative weight ratio of the soleus muscle and the length of the
soleus muscle fiber cross-section minor axes were used for the evaluation of muscle atrophy, and biochemical analyses
of the creatine phosphokinase and total glutathione levels were also performed. [Results] The relative weight ratios of
the soleus muscle and the lengths of the soleus muscle fiber cross-section minor axis in the vitamin C group and the
vitamin E group were significantly greater than those in the non-treated group. In comparison with the non-treated
group, the total glutathione level showed a tendency to be higher in the vitamin C group and was significantly higher in
the vitamin E group. [Conclusion] In this study, using an experimental rat model, we confirmed that antioxidants
prevent the muscle atrophy induced by ischemic reperfusion.
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INTRODUCTION This study aimed to determine whether the muscle
atrophy induced by ischemic reperfusion injury in rats can
The use of tourniquets on the limbs in cosmetic surgery  be prevented by antioxidant treatment.

can produce ischemia-related changes. Ischemic reperfusion
is known to induce several disorders such as inflammation SUBJECTS AND METHODS
around blood vessels after blood flow is reinstated"). Knight
examined the effects of 24 hours reperfusion after two-hours Subjects
tourniquet-induced ischemia and found that muscle wet Fifteen female Wistar rats (eight weeks old) were used.
weight was significantly increased after one-hour  The rats were randomly divided into three groups of five rats
reperfusion and peaked 16 hours later. The increase in each: the non-treated group, vitamin C group, and vitamin E
muscle wet weight remained significant at 24 hours after the  group. The experiments were conducted in accordance with

reperfusion. In addition, as the cell death that occurred after  our university’s Guidelines for Animal Experimentation and
the ischemic reperfusion was accompanied by necrosis, total ~ the U.S. National Institute of Health Guidelines.

glutathione levels decreased and the number of neutrophils
in the muscle increased after reperfusion®. The cell necrosis Methods
observed during the ischemic reperfusion was induced by
reactive oxygen species (ROS) generated by the supply of
oxygen after reperfusion. Increased levels of ROS are a

The rats were allowed free access to a standard diet and
water in their cages. Ischemia was induced with a DC1.6
. . : . tourniquet finger cuff, and a Rapid Cuff Inflator with an
critical causal factor of tissue disorders™”). In our previous A 5101 air source (D.E. Hokanson, USA) was used to apply
§tudy, we examlr.led th.e tissue chapges that occur after pressure. The rats were anaesthetized with sodium
ischemic reperfusion using an experimental animal model pentobarbital (40 mg/kg b.w.), and ischemia was induced in

apd confirmed that muscle at.rophy.and ederpa OCCUr  the right lower limb at a pressure of 300 mmHg for 90
simultaneously at 72 hours after ischemic reperfusion. minutes
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The vitamin C group was intraperitoneally injected with
40 mg/kg b.w. ascorbic acid (Fuso, Osaka, Japan). The
vitamin E group was intramuscularly injected with 30 mg/
kg b.w. tocopherol acetate (Eisai, Tokyo, Japan). All
injections were performed six times (once every 12 hours)
from just prior to the ischemia procedure until 60 hours of
reperfusion had elapsed. The dosages were derived from
Kondo’s? manual and research.

All rats were weighed at the beginning and the end of the
experiment. The rats were anaesthetized with sodium
pentobarbital (40 mg/kg b.w.) after being weighed at the end
of the experiment. Then, the rats were exsanguinated by
cutting the abdominal aorta, and the soleus muscle of the
right hind leg was extracted by cutting it between the top of
the calcaneus and the bottom of the fibula head. The wet
weight of the soleus muscle was measured with a precise
balance immediately after the mice had been sacrificed. The
relative weight ratio of the soleus muscle was calculated as
the ratio of the wet weight of the soleus muscle to the body
weight of the rat.

After its wet weight had been measured, the soleus
muscle was divided in half and embedded in tragacanth. The
excised soleus muscle was then rapidly frozen by immersing
it in a liquid nitrogen bath. Sections, 10 m thick, were
prepared using a cryostat microtome and stained with
hematoxylin and eosin (H&E staining). All sections were
photographed using a digital camera and the muscle fiber
cross-section minor axis was measured microscopically.
The images were transferred to a computer, and the fiber
cross-section minor axis of the muscle was measured using
image analysis software (Image ProPlus 6.2J,USA). The
fiber cross-section minor axes of more than 200 muscle
fibers were measured, and the mean value was calculated.

Creatine phosphokinase (CPK) was assayed by the JSCC
standardization method. Abdominal aortic blood was drawn
from each rat at the time of sacrifice. After being left at
room temperature for more than 15 minutes, the blood was
centrifuged at 4°C for 15 minutes at 3,500 rpm. After
separating the supernatant fluid (serum), it was used for the
measurement of CPK activity.

Total glutathione (GSH) was assayed using a total
glutathione fixed-quantity kit (Dojindo, Kumamoto, Japan).
The muscle tissue was washed with an isotonic sodium
chloride solution. Homogenization was performed with 5%
sulfosalicylic acid, followed by centrifugation at 4°C for 20
minutes at 3,500 rpm. After separating the supernatant fluid,
it was used to measure the GSH level.

Group data were analyzed using a multiple comparison
test (SPSS15.0J for Windows, SPSS Inc.), and p values
<0.05 were considered to be significant.

RESULTS

As one soleus muscle sample in the non-treated group
was incomplete, the final data for the relative soleus muscle
weight ratios and the soleus muscle fiber cross-section
minor axis length in the non-treated group were obtaining
from 4 specimens.

The mean soleus muscle relative weight ratios were 0.43

Table 1. Effects of antioxidants on skeletal muscle tissue
(mean + SD)
Group Relative weight ratio Fiber cross-section

(mg/g body weight)  minor axis (xm)
Non- treated group  0.43 +0.12 37.7+1.7
Vitamin C group 0.51+£0.292 445+29°
Vitamin E group 0.51+0.322 442+3.1°

2: non treated group; p<0.01. Y. non treated group; p<0.05.

Table 2. Effects of antioxidants on serum CPK and tissue
total GSH levels (mean = SD)

Group CPK (IU/L) GSH (umol/L)
Non- treated group 889.4 + 365.5 1952 £51.1
Vitamin C group 587.6 £368.9 259.1+71.2
Vitamin E group 383.2+81.0 287.8 +84.7%

2 non treated group; p<0.05.

mg/g b.w. for the non-treated group, 0.51 mg/g b.w. for the
vitamin C group, and 0.52 mg/g b.w. for the vitamin E
group. The soleus muscle relative weight ratios in the
vitamin C group and the vitamin E group were significantly
larger than those in the non-treated group (Table 1).

The mean length of the soleus muscle fiber cross-section
minor axis of the non-treated group was 37.73 um; that of
the vitamin C group was 44.49 um; and that of the vitamin
E group was 44.18 um. The soleus muscle fiber cross-
section minor axes in the vitamin C group and vitamin E
group were significantly longer than those in the non-treated
group (Table 1).

The mean serum CPK level in the non-treated group was
776.50 TU/L; that in the vitamin C group was 587.60 IU/L;
and that in the vitamin E group was 383.20 IU/L. Compared
with the non-treated group, the CPK level showed a
tendency to be lower in the vitamin C group and the vitamin
E group (Table 2).

The mean total tissue GSH level of the non-treated group
was 195.24 pmol/L; that of the vitamin C group was 259.08
pmol/L; and that of the vitamin E group was 287.81 umol/
L. Compared with the non-treated group, the total GSH
level tended to be higher in the vitamin C group and was
significantly higher in the vitamin E group (Table 2).

DISCUSSION

The atrophying of skeletal muscle is caused by a decrease
in the diameter of the muscle fibers and/or a decrease in the
number of muscle fibers. It has been proposed that the
proteins present in muscle cells constitute a lysosome
system, a calpain system, and a ubiquitin-proteasome
system. Among them, the ubiquitin-proteasome system is
activated by physiological stress, such as ischemia®. Re-
oxygenation after reperfusion generates a large quantity of
ROS in the ischemic region, and the ROS generated by
white blood corpuscle permeation can also have damaging
effects’>>). ROS increase oxidative stress and promote



skeletal muscle proteolysis. Nakashima reported that
oxidative stress causes protein oxidation, and as a result,
proteasomes, proteolytic enzyme complexes, were
activated, which promote proteolysis. This was confirmed
by examining the mechanism of the skeletal muscle
proteolysis induced by oxidative stress in a culture
experiment using skeletal muscle cells derived from chick
embryos®. Thus, oxidative stress is responsible for the
skeletal muscle atrophy that occurs after ischemia/
reperfusion, and it is concluded that it is important to
alleviate oxidative stress to prevent amyotrophy. Kondo
reported that the injection of vitamin E resulted in a decrease
in immobility-induced muscle atrophy, while oxidative
stress increased during the muscle atrophy recovery
period?.

In this study, vitamin C and vitamin E were used as
antioxidants to remove oxidative molecules. Vitamin C
(ascorbic acid) and vitamin E are chain reaction-abrogating
type antioxidants and are able to scavenge ROS to prevent
oxidative stress. Vitamin C is distributed in both the
extracellular fluid and the cytoplasm of muscle cells. Its two
hydroxyl groups at the C-2 and C-3 positions participate in
stabilization of radicals before they can attack the cellular
membrane. In contrast, fat-soluble vitamin E exerts
antioxidative effects in biomembranes and it binds to peroxyl
radicals, which facilitate oxidative chain reactions’ .

In the present study, the relative soleus muscle weight
ratio was significantly higher and the soleus muscle fiber
cross-section minor axis was significantly longer in the
vitamin C group and vitamin E group than in with the non-
treated group. This suggests that the muscle atrophy caused
by ischemia/reperfusion can be prevented with antioxidant
treatment. In comparison with the non-treated group, the
total GSH level was significantly higher in the vitamin E
group and showed a tendency to be higher in the vitamin C
group, indicating that antioxidants decrease oxidative stress.
GSH is one of the antioxidants found in the human body.
Total GSH decreases when oxidative stress increases. It is
clear that the total GSH of muscle cells plays a supporting
role in protecting these cells from oxidative stress. The
reason why the total GSH level of the non-treated group was
low in our study is that GSH was used for the removal of
ROS. In comparison with the non-treated group, the CPK
level tended to be lower in the vitamin C and vitamin E
groups. CPK suppresses the permeation of white blood
corpuscles. Yamamura reported that edaravone, a medicinal
drug with a similar action to CPK, improved the number of
surviving muscle cells in an experiment involving 5-hr
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ischemia followed by 5-hr reperfusion. In addition, the CPK
level in the treated group was lower than that in the non-
treated group, although the difference was not significant'?.
On the other hand, Irie reported an experiment involving 4-
hr ischemia followed by 24-hr reperfusion during above-
knee amputation without blood vessel removal and found
that the treated group showed significantly lower CPK
levels!D. The present study’s results were similar to those of
Irie’s group.

In this study, it was confirmed using an experimental rat
model that antioxidant treatment can prevent the muscle
atrophy induced by ischemic reperfusion. Wistar rats
produce large quantities of endogenous ascorbic acid, and
its normal level is much higher than that of endogenous
vitamin E. Therefore, the injection of vitamin E is an
efficient method of inducing antioxidative effects. In
addition, the antioxidative ability of vitamin E may be
reinforced by the coexistence of ascorbic acid.
Consequently, vitamin E was a more potent antioxidant than
vitamin C in the present study.

Further studies should be carried out to establish the
appropriate doses of vitamins C and E, including
combination treatments of both vitamins.
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