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Abstract

Obijective. Short term exhausting exercise increases the formation of harmful
reactive oxygen species. We evaluated effect of vitamin E supplementation prior
to swimming on circulating inflammatory markers, muscle endothelial nitric
oxide synthase (eNOS) expression, functional and structural changes of muscle
and kidney of rats. Methods. 24 male albino rats were divided into 3 groups: (C)
control group (not submitted to exercise stress), (S) exercise stress group, and
(SE) exercise stress and vitamin E group. The rats from SE group were treated
with gavage administration of vitamin E (50 mg-kg™) prior to swimming. The
animals from S and SE groups were submitted to bouts of swimming exercise
stress for 1 hour daily for a week. Results. We found that swimming stress
significantly elevated plasma tumor necrosis factor-alpha (TNF-a), interferon
gamma (INF-y) and C reactive protein (CRP). Exercise stress caused significant
decrease in relative kidney weight, Total body weight (TBW), plasma urea and
creatinine levels 30 min. after the last session of exercise. However, it
significantly increased urea to creatinine ratio and caused considerable damage in
kidney cells as revealed by histological examinations. Microscopic examination
of muscle samples showed hypervascularity, raised nuclear number, splitting of
muscle fibers, and central location of nuclei. Administration of vitamin E for
seven consecutive days before the exposure to exercise significantly decreased
TNF-alpha, INF-gamma and didn't change CRP level. Vitamin E
supplementation decreased urea to creatinine ratio, increased TBW, increased
endothelial nitric oxide synthase (eNOS) expression and ameliorated the
structural changes that occurred in the muscle and kidney. Conclusion. Present
study revealed that vitamin E supplementation has promising protective role
against exercise-induced elevation of cytokines, muscular damage as well as
dehydration and potential renal damage.
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INTRODUCTION

Swimming is a form of minor traumatic
exercise for animals and has been commonly
used to elucidate the physiologic and
molecular responses of the muscle to exercise
stress.” 2 Skeletal muscle is a powerful
generator of some myokines, especially
interleukin-6 (IL-6)°. Evidences suggest that
regular exercise antagonizes inflammation
through modulating cytokines.*  Previous
studies proved that regular exercise training
reduces inflammatory markers; tumor necrosis
factor-alpha (TNF-a), CRP, and IL-6 levels
and increases anti-inflammatory markers such
as IL-4 and IL-10.* However, the effect of
regular well accustomed exercise versus acute
unaccustomed exercise on inflammatory
cytokines appears to be contradictory. One
study reported rise of inflammatory cytokines

4 and

with acute bouts of exercise.” TNF-a
IFNy ° have antiviral and immune-regulatory
functions. C-reactive protein is an acute-phase
protein that is elevated in response to

inflammation.’

It has been reported by several studies that
skeletal muscles during intense prolonged
contraction generate free radicals that damage
cellular constituents.® ? It is also reported that
low-to-moderate levels of oxidants are capable
of controlling gene expression, cell signaling
pathways, and modulating force production in

the skeletal muscle.’® * Nitric oxide (NO) is

one of the primary free radicals generated in
the cells.*? Kidney is considered as one of the
important organs affected by exercise.
Estimation of the plasma urea concentration is
common screening test for renal failure.
However, blood urea concentration is elevated
significantly in advanced renal injury.** Blood
urea may be elevated for reasons other than
glomerular failure, therefore, estimating
plasma  creatinine  concentration  and
calculating urea to creatinine ratio helps to

distinguish the cause of prerenal failure."*

Alpha-tocopherol has been reported to affect
lymphocyte number and circulating levels of
cytokines.® It has been suggested that vitamin
E administration in aged people improves
immune response by modulating cytokine
production.’® However, previous studies
showed conflicting outcomes for the effect of
a-tocopherol on inflammatory mediators.*®
The ability of vitamin E to keep functional as
well as structural integrity of normal kidney*’
and skeletal muscle have been reported by
previous studies.’® Moreover, role of vitamin
E in regulating nitric oxide (NO) production
and endothelial nitric oxide (eNOA) synthase
activity has been shown by previous studies.*
Therefore, the purpose of this study is to
elucidate the effects of acute unaccustomed
swimming versus swimming and vitamin E
supplementation on plasma levels of

inflammatory cytokines, functional, structural
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changes in kidney and skeletal muscle as well

as eNOS expression in skeletal muscle.

Materials and Methods
Drugs and chemicals

Vitamin E (50 ml kg’ S.G. capsules
antioxidant manufactured by Safe Pharma for
Pharmaco Pharmaceuticals, Egypt). One
capsule containing 1 gm is dissolved in 20 ml
olive 0il?° Rat TNF-alpha ELIZA Kit
(K0331196) Koma Biotech INC. AVITEX
CRP (Ref OD073/0D023/ OD023/E) Omega
Diagnostics. Rat IFN-gamma ELIZA Kit.
(K0331209) Koma Biotech INC. Creatinine-
Kit Jaffe. Colorimetric — kinetic (Diamond
Diagnostics, 333 Fiske St, Holliston, MA
01746, United States, REF 2 x 100 ml). Urea-
Kit S 180 (Biomerieux sa, 69280 Marcy-
I'Etoile/ France, REF 61912). Nitric Oxide
(eNOS), Rabbit
Polyclonal Antibody (Thermo Scientific,
South San Francisco, California, USA).

Synthase,  endothelial

Animal preparation and experimental
approach

Experiments were performed on a total
of 24 male albino rats weighing 90-120 grams.
Animals were obtained from the animal’s
house facility, Faculty of Medicine, Assiut
University, Assiut, Egypt. Two days before
experimentation, the animals were kept in the
laboratory at Department of Medical
Physiology for accommodation in the

condition of normal light/ dark cycle with free

access to standard rat chow and tap water. The
experiments were carried out according to the
protocol approved by the Local Ethical
Committee of the Faculty of Medicine, Assiut
University in accordance with the ethical
guidelines for scientific research in conscious
animals. Animals were randomized into three
groups: (C) the control group (n = 8), in which
rats received 1 ml of water by gavage for
seven consecutive days; (S) exercise stress
group (n = 8), in which rats received 1 ml of
water by gavage for seven consecutive days
and submitted to exhaustive exercise stress
and; (SE) exercise stress + Vitamin E group (n
= 8), in which rats were treated with gavage
administration of 1 ml of Vitamin E (50
mg/kg, alpha tocopherol) for  seven
consecutive days and submitted to exhaustive
exercise stress. Rats were forced to swim for
one hour without a load until exhaustion daily
for 7 consecutive days.?* The swimming tank
was (100 cm long, 50 cm wide, 80 cm deep)
containing water maintained at 30°C. When
the animal stop swimming and sink for 10
seconds, it was removed from the water for a
min. and returned back to continue swim for
an hour, The depth of the tank prevented the
animals from resting their tails on the bottom
of the tank while swimming. Swimming was
selected to avoid muscle trauma caused by
other methods of forced exercise as prolonged
running or  exercise-stimulated electric
shock.?
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Laboratory Methods

Half an hour after the last session of
swimming exercise stress, the animals were
anesthetized by ether inhalation and blood
samples are collected from the eyes into
heparinized tubes. The plasma were isolated
and stored at -20°C until use. Plasma urea
level was detected using Urea-Kit S using
urease- modified Berthelot reaction (end point
enzymatic determination), blood urea
nitrogen (BUN) was calculated using the
formula, BUN (mg/dl) =

urea(mg/dl)/2.14.> Plasma creatinine level

following

using Jaffe Colorimetric-kinetic at 492nm, C
reactive protein (CRP), tumor necrosis factor
o (TNF-a), gamma interferon (INF-Y) using
enzyme-linked immunosorbent assay (ELISA)

kits following the manufacturer's instructions.

Immunohistochemistry and light microscopy:
Animals were slaughtered, Kidney and
muscle samples from calf muscle were taken
for histological evaluation. Kidney and muscle
slices were fixed in 10% neutral buffered
formalin  for 24 h. After automated
dehydration through agraded alcohol series,
the slices were embedded in paraffin,
sectioned at 5 um. Then, sections were stained
with hematoxylin and eosin, before being
evaluated using light microscope. For
immunohistochemistry, paraffin sections were
mounted on  aminopropyltriethoxysilaine
(APES)-coated slides. To eliminate the

endogenous peroxidase activity the sections

were incubated in 0.3% H,0, for 30 min.
Antigen retrieval (unmasking) was done by
heating slides in sodium citrate buffer (pH 6.0)
at 95°C in a microwave for 15 min and slowly
cooling them to room temperature.** Sections
were then incubated for 24 h at 4°C with the
primary antibody; Nitric Oxide Synthase,
endothelial  (eNOS), Rabbit Polyclonal
Antibody (Thermo Scientific, South San
Francisco, California, USA; dilution 1:100).
Immunohistochemical reaction was done
using the standardized commercially available
UltraVision Detection System anti-polyvalent
HRP/DAB kit (Thermo Fisher scientific,
USA). The slides were washed and incubated
with biotinylated goat anti-polyvalent (goat
anti-rabbit secondary antibody, dilution 1:200)
for 10 min at room temperature. Then sections
were incubated with streptavidin peroxidase
for 10 min and finally with 0.05%
diaminobenzidine (DAB) plus chromogen for
15 min. eNOS-positive cells appeared brown.
Slides were examined using an Olympus
CX41 optical microscope equipped with an
Olympus EVOLT E-330 digital camera
interfaced to a computer. Expression of eNOS
protein was quantified for their relative
densities using analysis densitometry tool
from Image J, Version 1.31c (National
Institutes of Health, Bethesda, Maryland,
USA).?
Transmission electron microscopy

Muscle specimens were fixed in 5%

cacodylated-buffered glutaraldehyde for 24 h
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and postfixed in 1% osmium tetraoxide for 1
h.?® About 2mm-thick slices were processed
and embedded in Epon-araldite mixture.
Semithin sections of 1um thickness were cut
with a glass knife in KLB, Bromma
Ultramicrotome, and stained with toluidine
blue and examined. Ultrathin sections (450-
500 A) from muscle selected areas were cut
with ultramicrotome, mounted on copper
grids, stained with uranyl acetate and lead
citrate, examined with a transmission electron
microscope model JEM100CXIlI (JEOL,
Tokyo, Japan), and photographed in the Assiut

University Electron Microscopy Unit.

Statistical analysis

GraphPad Prism 5 (GraphPad Software
Inc., La Jolla, CA, USA) was used for data
analysis. Data were presented as mean +/-
SEM. Data compared among two groups using
Paired Student's t Test. Data were compared
among groups using One-Way Analysis of
Variance (ANOVA) followed by Bonferroni
Multiple comparison posthoc test. A (P) value
of less than 0.05 was considered to represent a
statistically significant difference.

RESULTS

Effect of swimming versus swimming and
vitamin E on the plasma level of inflammatory
cytokines in rats:

One bout of swimming exercise stress until
exhaustion  for  seven  consecutive  days

significantly raised INF-gamma (p< 0.005) (Fig.

1A), TNF-alpha (p< 0.005) (Fig. 1B), and CRP (P
< 0.01) (Fig. 1C). Administration of Vitamin E (50
mg/kg, alpha tocopherol) prior to swimming bouts
for seven consecutive days significantly decreased
INF-gamma plasma level (P < 0.05) (Fig. 1A) and
TNF-alpha plasma level (P < 0.01) (Fig. 1B)
compared to S group. However vitamin E failed to
decrease CRP plasma level. A significant rise in
INF-gamma (P < 0.01) (Fig. 1A) and in TNF-
alpha (P < 0.005) (Fig. 1B) in SE group versus C
group was found. An insignificant difference in
CRP in SE group versus C group was found (P >
0.05) (Fig. 1C).

Effect of swimming versus swimming and
vitamin E on plasma urea, plasma creatinine
levels and BUN to creatinine ratio in rats:

One bout of swimming exercise stress until
exhaustion for seven consecutive days caused
significant decrease in plasma urea (P < 0.05) (Fig.
2A), decrease in plasma creatinine level (P <
0.005) (Fig.2B), and increase in BUN to creatinine
ratio (P < 0.01) in S group after half an hour of last
swimming session compared to C group (Fig. 2C).
Administration of Vitamin E (50 mg/kg, alpha
tocopherol) for seven consecutive days prior to
swimming sessions caused; insignificant change of
plasma urea level in SE group compared to both C
and S groups, insignificant change of blood
creatinine level in SE group compared to C group
was found, significant decrease in plasma
creatinine level in S compared to SE groups (P <
0.01). Vitamin E treatment significantly decreases
BUN to creatinine ratio in SE group compared to S
group (P < 0.05) (Fig. 2C). Insignificant change in
BUN to creatinine ratio in C group compared to

SE group was found. (Fig. 2C).
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Fig. (1): Effect of swimming versus swimming and vitamin E on plasma level of INF-gamma (A), tumor necrosis factor
alpha (TNF-a) (B), C-reactive protein (CRP ) (C) in rats: C: control, S: swimming, SE: swimming and vitamin E. All
values are expressed as mean +/-SEM, One Way ANOVA with Bonferroni's Multiple Comparison Test. (*) significance
of S vs C group, (+) significance of SE vs C group, (#) significance of S vs SE group (p < 0.05 is considered as

significant, n=8)
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Figure (2) Effect of swimming versus swimming and vitamin E C

on plasma urea, creatinine, and BUN: creatinine ratio in rats: C:

control, S: swimming, SE: swimming and vitamin E. All values 60+ *k +
are expressed as mean +/-SEM, One Way ANOVA with
Bonferroni's Multiple Comparison Test. (*) significance of S vs
C group, (+) significance of S vs SE group (p < 0.05 is
considered as significant, n=8).

BUNY/ creatinine
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Fig. (3) Effect of swimming versus swimming and vitamin E on total body weight (TBW) (A), % change in TBW (B),
Absolute kidney weight (C), and relative kidney weight (D) of rats, C: control, S: swimming, SE: swimming + vitamin E,
IC: initial weight of control, EC: end weight of control, , IS: initial weight of S group, ES: end weight of S group, , ISE:
initial weight of SE group, ESE: end weight of SE group. All values are expressed as mean +/-SEM, Paired t test was
used for comparing initial and final TBW in (A). One way ANOVA with Bonferroni's Multiple Comparison Test was
used for comparison among groups. In A; (*) significance of end TBD vs initial TBW for each group, (+) significance of
ES vs EC; In B, C, & D (*) significance of S or SE group vs C group, (+) significance of SE vs S group, (p < 0.05 is

considered as significant, n=8).

Effect of swimming versus swimming and
vitamin E on total body weight (TBW) and kidney
weight:

One bout of swimming exercise stress until
exhaustion  for seven  consecutive  days
significantly decreased TBW in S group compared
to control group (Fig. 3A). Administration of
vitamin E caused significant rise in % change in
TBW compared to both control and swimming
groups (Fig. 3B). Insiginificant difference in initial
weight between the three groups and significant

rise in TBW for all groups compared to their initial

weight was found (Fig. 3A). Swimming exercise
stress significantly decreased absolute as well as
relative kidney weight in both S and SE groups
compared to C group (Fig. 3C & 3D).

Effect of swimming versus swimming and
vitamin E on kidney structure:

Changes of kidney sections stained by HE: C
group (Fig. 4A) showed normal glomerular shape,
capillary size, and normal renal tubules epithelium.
In contrast, the rats in S group showed glomerular

congestion and swelling, disintegration of tubular
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epithelium, dilated tubular lumen (Fig. 4B). Such vitamin E supplementation (Fig. 4C).

pathological changes were slighter in the rats of

Fig. (4): Photomicrographs of renal tissue stained by HE. Left panel: glomeruli, right panel: tubules; A: rat
from control group; B: rat from swimming group; C, rat from swimming plus vitamin E group. Tubule
epithelium (eC), proximal convoluted tubules (pT), distal convoluted tubules (dT), glomerulus (G), capsular
space (Cs); faintly stained nuclei (arrows) in B & C. (x400, the same indications for the all figures).
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Effect of swimming versus swimming and

vitamin E on skeletal muscle structure:

Changes of gastrocnemeus muscle stained by
HE:

LS of control (C) skeletal muscle showing
elongated unbranched muscle fibers with an
acidophilic cytoplasm, eccentric located nuclei and
a striated appearance. There are a few connective
tissue nuclei between the fibers (Fig. 5 upper left
panel). LS of swimming (S) skeletal muscle
showing elongated fibers, with splitting of some
fibers, areas of degenerated fibers, increased
nuclear number, and centrally located nuclei
(arrows) can also be seen in some fibers (Fig. 5
middle left panel). There are some connective
tissue nuclei between the fibers. LS of swimming
and vitamin E (SE) skeletal muscle showing
elongated unbranched fibers, fewer normally
located nuclei with an acidophilic cytoplasm and a
striated appearance. There are some connective
tissue nuclei between the fibers (Fig. 5 lower left
panel). CS of control (C) skeletal muscle shows
normal appearance; CS of swimming (S) skeletal
muscle showing swollen edematous fibers with
increased markedly expanded blood vessels, focal
interstitial cellular infiltration and many centrally
located nuclei; CS of swimming and vitamin E
(SE) showing nearly normal appearance (Fig. 5

right panel).

Changes of gastrocnemeus muscle with
transmission electron micrograph (TEM):
Control group (Fig 6.1) showing normal
ultrastructure of skeletal muscle. Swimming group
(Fig 6. 2, 6.4, & 6.6) showing areas of

degeneration and loss of myofilaments, lower

number of vesicles at the storage sites and rise at
the active sites, increased number and size of
sarcoplasmic reticulum cisterae, increased number
and marked dilation of blood capillaries,
upregulation of mitochondria, increased number of
satellite cells, wavy z discs, abnormal centrally
located nuclei. Vitamin E and swimming group
(Fig 6.3, 6.5, & 6.7) showing marked decrease in
the number of vesicles at storage pool and
recruitment to release sites, marked increase in
number of mitochondria, size of sarcoplasmic
reticulum sacs compared to S group, areas of
apparent loss of muscle fibers, increased number
of myonuclei, areas of collagen deposition, and

well aliened contractile machinery

Effect of swimming versus swimming and
vitamin E on eNOS expression in gastrocnemeus
muscle by immunohistochemistry

Swimming causes significant rise in eNOS
expression compared to control. Prophylactic use
of vitamin E before exercise significantly elevated
eNOS expression in skeletal muscle compared to

both control and swimming group (Fig. 7a & 7h)

Discussion:

Inflammation is a protective process that is
important for repair of damaged tissues and
fighting foreign bodies.”” Exercise represents a
physical stress that affects homeostasis.”® Mild
exercise as a stressor has the ability to modulate
function of the immune system.?® The body deals
with physical activity as any pathological
condition  that causes acute  subclinical
inflammatory state.*® We found that a bout of

swimming exercise for one hour/day repeated
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Fig. (5): Photomicrographs of gastrocnemeus muscle stained by HE. LS: Longitudinal section (left
panel); CS: Cross section (right panel); C, rat from control group ; S, rat from swimming group ; SE,
rat from swimming and vitamin E group. Muscle fibers (f), normally located nuclei (n), centrally
located nuclei (arrows), blood vessels (Bv), connective tissue (cT) , focal interstitial cellular
infiltration (*).(x400, the same indications for all following figures).

were raised by acute extenuating exercise.!

daily for a week caused significant rise of Significant activation of TNF-a and other

proinflammatory  cytokines; TNF-a, IFNy, and cytokines is also reported after unaccustomed

CRP. Our results are supported by previous studies muscle contractions that cause microdamage to

reporting that circulating basal levels of TNF-a sarcomeres.3 2 Other studies demonstrated that
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TNF-a and IFNy through activation of NF-kB
caused proliferation and at the same time
inhibition of differentiation of myoblasts.®* 3 It
was reported that TNF-a caused elevation of IL-6,

CRP and haptoglobin through inducing their

+++
150+ KKK

*k*

Optical density
(arbitrary units)

&

Treatment groups

synthesis.®*® The rise in CRP level after swimming
exercise is supported by another study that
reported a maintained rise in CRP and leukocyte

count starting after 30 min of marathon swimming

and continued for 8 days after recovery.®

Fig. (7) Effect of swimming versus swimming and vitamin E on endothelial nitric oxide synthase (eNOS) expression in
rat skeletal muscle. A: Mean density of eNOS in S and SE groups analyzed by image J software. B. Left panel (LS sec.)
and right panel (CS sec) photomicrographs of rat gastrocnemeus muscle showed immunohisto-chemistry expression of
eNOS. B1 & 2 from C group, B3 & B4 from S group, B5 & 6 from SE group, C: control, S: swimming, SE: swimming +
vitamin E, (*) significance of S or SE group vs C group, (+) significance of SE vs S group, (p < 0.05 is considered as

significant, n=7).
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Fig. (6):Transmission electron micrograph of a portion of rat gastrocnemeus muscle with different magnification from; C
group (1), S group (2, 4, 6), SE group (3, 5, 7); (mt) mitochondria, (Z) Z discs, (m) m line, (MEP) motor end plates,
acetylcholine vesicles (Ach V), areas of lysosomal glycogen deposition at the cell periphery (D), myonuclei (N), nucleus
of satellite cell (*),cell membrane of satellite cells (arrow heads) collagen fibers (CF), & sacs of sacoplasmic reticulum
(SR). Magnification 7.1 (X 14,000); 7.2 (X 14000) 7.3 (X 19000), 7.4 &7.5 (X 3600), 7.6 & 7.7 ( 14000).

Our results also revealed that vitamin E
administration just before the exercise greatly
improved muscle structure and significantly
decreased circulating levels of TNF- o and INF-y.
The beneficial effect of vitamin E on muscle
structure is supported by previous studies. Those
studies proved the role of antioxidant in skeletal
muscle cell including the control of gene
expression, regulation of cell signaling pathways,
and modulation of muscle force production.®” %
The ability of vitamin E to lower INF-y and TNF-a
levels is supported by the work of Belisle and his
colleagues who observed a strong relationship
between vitamin E supplementation and IFN-y as
well as TNF-o that is dependent on individual’s

immune  response at the onset  of

supplementation.” Studies done in Finland and
Italy demonstrated that o-tocopherol form of
vitamin E exert anti-inflammatory actions and is
effective in reducing asthma.* An in vitro study
showed that pretreatment of endothelial cells
overnight with D-a-tocopherol inhibited leukocyte
migration.** We found also that vitamin E
supplementation caused insignificant change in the
level of CRP in SE group compared to S group.
This result is supported by the work of Block and
his group who reported that treatment with vitamin
C but not E caused significant decrease in
circulating levels of CRP among healthy
nonsmokers with CRP higher than 1.0 mg/L.** A
fairly recent study revealed that TNF-a increases
the oxidative stress in fatty hepatocytes.” Taken

together, we may speculate that vitamin E have
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dual antioxidant action direct as well as indirect

through its anti-inflammatory effect.

Although, this study showed that unaccustomed
exercise stress repeated daily caused significant
decrease in plasma urea and creatinine levels, it
raised urea to creatinine ratio and significantly
decreased relative kidney weight. The beneficial
effect of exercise on blood urea and creatinine is
supported by the work of Drygas and his
colleagues who reported decrease in blood urea
and creatinine after 30 min and a rise starting after
4 hours of marathon swimming in open water.*
Another study suggested that the lowering of
blood urea and creatinine levels after 60 min of
swimming exercise is due to inhibition of
myofibroblast transdifferentiation in chronic renal
disease.”” The dangerous effect of raised urea to
creatinine ratio is supported by two recent studies
reporting that it helps to detect a high-risk form of
renal impairment in patient with decompensated
heart failure.”® and in patients with Cholera.*
Since rise of urea to creatinine ratio is predictive
of prerenal injury, we suggest that swimming
exercise  stress causes dehydration.  This
dehydration state enhanced renal tubular
reabsorption of urea that follows the enhanced
transport of sodium and water in proximal tubules
and decreased free water clearance in collecting
tubules causing disproportionate rise of urea to

creatinine ratio. *°

Our results demonstrated that vitamin E
significantly reduces blood urea to creatinine ratio
in SE group compared to S group suggesting that
vitamin E is protective against dehydration and

expected renal damage associated with exhaustive

exercise stress. Moreover, vitamin E
supplementation significantly raised % change in
TBW compared to both C and S groups. This
result is supported by a study done by Azman and
his group reporting that vitamin E played an
important role in the weight gain and excessive
vitamin E intake might cause obesity through
increasing fat mass in female rats.”> Another study
reporting lower death rate and higher body weight
among lambs whose mother ewes were fed
additional vitamin E for 3 weeks before lambing.*®
In addition, this study showed that vitamin E
markedly improved the acute exercise induced
damage of kidney structure. In agreement with our
result, two studies showed that deficiency of
vitamin E in diet led to renal injury in healthy
kidney of rats'’ and worsened renal structural as
well as functional damage following ischemia

reperfusion injury.”’

This study also revealed that acute unaccustomed
exercise caused changes of skeletal muscle
structure characterized by increased vascularity,
splitting of muscle fibers, abnormality of structural
alignment of the sarcomeres, abnormal nuclear
shape, location, apparent rise of nuclear number,
and increased size and number of mitochondria. In
line with us many previous studies revealed that

4 and

exercise increased both number ¢, size
volume density of mitochondria.® Other studies
reported an increase of capillary density, capillary-
to-fiber ratio with moderate swimming exercise®,
and disorganization of myofilaments induced by
swimming at temperatures (28 and 42°C).*
Administration of vitamin E for seven consecutive
days before the exposure to swimming returned

the structural alignment of sarcomeres with
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apparent further increase in size of mitochondria,
sarcoplasmic reticulum cisterae, number of
satellite cells and enhanced recruitment of
acetylcholine vesicles to release sites at motor end
plates. In agreement with this result a previous
study reported extensive skeletal muscle
degeneration in the young animals caused by
vitamin E deficiency.'® The ability of satellite cells
to proliferate maintains stem cell and increased the
number of myogenic cells that cause formation of
new myofiber and regain a functional contractile
apparatus has been reported.>® Taken together, we
suggest that vitamin E supplementation before
severe exercise through increasing number of
satellite cells helps to maintain healthy functional

contractile proteins.

In addition, results of the present work revealed an
increased expression of eNOS in gastrocnemeus
muscle with vitamin E supplementation prior to
swimming sessions compared to swimming alone.
In line with this result Ulker and his group
reported an increased activity of eNOS and
production of NO that is associated with decreased
superoxide  formation  induced by high
concentrations of vitamin E (100 mol/L) in rat
aorta.’® Moreover, previous studies revealed that
eNOS has protective effect through producing low
amount of nitric oxide (NO) that participate in
regulation of haemodynamic, vascular smooth
muscle cells proliferation, and vasomotor tone.*
Therefore, we may speculate that vitamin E
through increasing the expression of eNOS
produce considerable amount of NO that regulate
haemodynamics and proliferation of skeletal

muscle.

In conclusion:

We suggested that supplementation of the
alpha tocopherol form of vitamin E before acute
unaccustomed swimming exercise might be
beneficial prophylactic measure against elevated
inflammatory markers, kidney and skeletal muscle
damage.
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