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ABSTRACT

Background: Ischemia-reperfusion (IR) injury in skeletal muscle is a pathophysiology which affect quality of life.

Aim of Work: To compare the possible protective mechanisms by which oxytocin and Vitamin E may exert on skeletal
muscle IR injury in rat.

Materials and Methods: 28 male rats were divided into: Control (Group A) of 10 rats and IR group (Group B) of 18 rats.
Control group underwent the same surgical steps as IR group but without clamping the femoral artery followed by the
injection of one of the following [saline (Al), oxytocin (AIl) or vitamin E (AIIl)]. In the IR group, lower limb ischemia
was induced by clamping the femoral artery. After 4h of ischemia, the clamp was removed to allow reperfusion coinciding
with the injection of one of the following [saline (BI), Oxytocin (0.5pg/kg) (BII) and Vitamin E (10mg/kg) (BIII)]. After 2
hours of reperfusion, Blood samples were drawn from the femoral vein to measure glutathione (GSH) and malondialdehyde
(MDA). Gastrocnemius muscles were obtained for evaluation by light and electron microscopes. Cytochrome C, Myogenin
immunohistochemistry and statistical analysis were applied.

Results: A significant increase in GSH and significant decrease in MDA were reported in BII and BIII as compared to BI.
Mean area % of cytochrome C in BII and BIII showed a significant decrease compared to BI. Mean number of myogenin
immunopositive cells in BII was significantly higher compared to BI. Muscular damage was proved by light and electron
microscopic findings in BI. While, BII and BIII encountered evident protection from muscular damage induced by IR injury.
Conclusion: Oxytocin exerts weak protective antioxidant effect against IR injury. However, it activates stem cells to
regenerate the damaged muscle.

Vitamin E was better antioxidant which can react as early as 1 hour in the protection of the skeletal muscle against IR injury.

Received: 08 September 2018, Accepted: 11 September 2018
Key Words: Ischemia reperfusion, myogenin, oxytocin, skeletal muscle, vitamin E.

Corresponding Author: Sara Adel Hosny, M.D, Histology Department, Faculty of Medicine, Cairo University, Egypt,
Tel.: +2 02 26126027, E-mail: dr.sara_adelh@hotmail.com

ISSN: 1110-0559, Vol. 41, No. 4

INTRODUCTION:

Ischemia-reperfusion (IR) injury occurs when blood
returns to tissues following a period of deficient blood flow.
Reestablishment of blood flow results in the production of
free radicals and reactive oxygen species that damage the
tissuel!l,

Ischemia-reperfusion injury in skeletal muscle has
complex and multifactorial mechanisms. Reestablishment
of blood flow is essential to salvage ischemic tissues,
but also leads to cellular damage beyond that caused
by the initial ischemial?!. Therefore, it is important for
clinicians to understand IR injury in order to identify
different approaches that minimize patient morbidity and
mortality®.

Oxytocin (OXY) is a nonapeptide produced in the
periventricular and supraoptical nuclei of the hypothalamus.
It has been shown that OXY protects kidney, liver and
rat heart against IR injuries. The anti-inflammatory and
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antioxidant effects of OXY on skeletal muscle tissue may
cause cellular protection against oxidative stress!l.

Vitamin E supplementation in animal studies was
reported to improve antioxidant defense, suppresses
oxidative stress and increases protein synthesis. Oxidative
stress biomarkers such as H202, a byproduct of lipid
peroxidation and malondialdehyde (MDA) were reduced
in Vitamin E treated animals, whereas antioxidants
such as glutathione/glutathione disulfide (GSH/GSSG),
superoxide dismutase (SOD), and catalase (CAT) were
up-regulated? 61,

The satellite cells (SCs) are defined as myogenic stem
cells which are present between the basal lamina and the
sarcolemma. The cross-sectional area and number of the
muscle fibers are reduced following muscle damage!”.
Satellite cells of the skeletal muscles express paired-box
transcription factor (Pax7) that plays an important role in
regenerative myogenesis. During self-renewal and muscle
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repair, the percentage of the satellite cells expressing pax7
increases which differentiate to more specialized myogenic
precursor cells expressing myogenin. Therefore, myogenin
is considered an important indicator of early differentiation
of satellite cells® 9 101,

Accordingly, this study was designed to compare
and elicit the possible protective mechanisms by which
oxytocin (OXY) and Vitamin E may exert on skeletal
muscle ischemia/reperfusion [IR] injury in rat.

MATERIALS AND METHODS:

Drugs:
1. Oxytocin (trade name Syntocinon):

Ampule of 5 International unit/ml [5 IU is equivalent
to 8.5 pg] (Novartis Pharma AG, Basle, Switzerland)
dissolved in 47 ml phosphate-buffered saline (PBS).

2. Vitamin E:

Soft gelatin capsules 1000 mg (Safe Pharma for Pharco
Pharmaceuticals). The content of the capsule was drawn by
a syringe and dissolved in 270 ml of normal saline.

Animals:

This study included 28 adult male albino rats with an
average body weight 170-200 grams. They were provided
by the animal house of Kasr Al-Ainy, Faculty of Medicine,
Cairo University. They were housed in hygienic cages
according to the guidelines for animal research issued by
the National Ingtitute of Health and approved by Animal
Ethics Committee, Cairo University The rats received
chow, water ad libitum.

Experimental design:
The rats were divided into the following groups:
A. Control group (Group A):

It included 10 rats that didn’t undergo Ischemia/
Reperfusion [IR] injury. They were divided into 3
subgroups:

» Subgroup AI (Sham Control):

It included 4 rats that underwent the same surgical
steps as mentioned in the experimental group but without
clamping of the femoral artery. Two rats were injected
once intraperitoneally with 0.5 ml of normal saline and
2 rats were injected once intraperitoneally with 0.5 ml of
phosphate buffer saline.

» Subgroup All:

It included 3 rats that underwent the same surgical
steps as mentioned in the experimental group but without
clamping of the femoral artery. They were injected once
intraperitoneally with 0.5 ml of Oxytocin (0.5pg/kg)
dissolved in phosphate buffer salinel'".

* Subgroup AIll:

It included 3 rats that underwent the same surgical
steps as mentioned in the experimental group but without
clamping of the femoral artery. They were injected once
intraperitoneally with 0.5 ml of Vitamin E (10mg/kg)
dissolved in normal salinet'?.

After 2 hours from the injections, rats were sacrificed
by intramuscular injection of ketamine hydrochloride
(90 mg/kg)/ xylazine (15 mg/kg)!"*l. Blood samples were
drawn from the femoral vein using heparinized syringes to
measure the antioxidant biomarker [glutathione (GSH)] and
the oxidative stress [malondialdehyde (MDA)] biomarker.
The middle parts of right and left gastrocnemius muscles
were obtained.

B. Ischemic/Reperfusion (IR) group (Group B):

This group included 18 rats that were anaesthetized
with an intramuscular injection of ketamine hydrochloride
(50 mg/kg; Sigma)!'¥l. Following Dong et al., 20145). The
lower abdomen and groin were shaved, sterilized with
povidone iodine solution then the animals were placed in
a supine position. A heat lamp was used to maintain the
body temperature at 37.5C during the experiment. The
right groin vessels were exposed through a transverse
groin incision, and the right femoral artery was isolated by
clamping with an atraumatic microvascular clamp.

After 4 hours of ischemia, the clamp was removed to
allow reperfusion coinciding with injection of one of the
following drugs (saline, Oxytocin, and Vitamin E).

Accordingly, this group was subdivided into:
» Subgroup BI (Untreated subgroup):

It included 6 rats, 3 rats were injected once
intraperitoneally with 0.5 ml of normal saline and 3
rats were injected once intraperitoneally with 0.5 ml of
phosphate buffer saline.

» Subgroup BII (Oxytocin treated subgroup):

Itincluded 6 rats that were injected once intraperitoneally
with 0.5 ml of Oxytocin (0.5pg/kg) dissolved in phosphate
buffer salinet!!l.

» Subgroup BIII (Vitamin E treated subgroup):

Itincluded 6 rats that were injected once intraperitoneally
with 0.5 ml of Vitamin E (10mg/kg) dissolved in normal
salinel'.

At the end of 2 hours of reperfusion, sacrification,
collection of blood samples as well as the middle parts of
right and left gastrocnemius muscles proceeded as in group
A. The muscle specimens from groups [AandB] were
subjected to the following:

Part (I): Right sided specimens were fixed in 10% formol
saline solution to be processed into paraffin blocks. Serial
sections at 7 um thicknesses were cut using a microtome
and mounted on glass slides. Other sections were mounted
on positive charged slides for immunohistochemistry.
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Part (II): Left sided specimens were fixed in
glutraldehyde to be prepared for electron microscopic
study.

* Histological study:

(A) Light microscopic study:

Paraffin sections were subjected to the following stains:

1-Haematoxylin and Eosin(**].

2-Immunohistochemical staining!'®.

- Anti-Cytochrome C antibody to detect apoptosis and
oxidative stress.

- Anti-Myogenin antibodies to detect

differentiating myogenic precursor cells.

early

Muscle sections were mounted on positive charged
slides, deparafinized and rehydrated. Antigen retrieval was
done by boiling tissue sections in 10mM citrate buffer.
Endogenous peroxidase activity was blocked by incubating
the sections in hydrogen peroxide. Sections were incubated
overnight with:

A) Rabbit polyclonal anti-Cytochrome C antibody
(ab13575, Abcam plc, England). B) Mouse monoclonal
anti-Myogenin antibody (ab212667, Abcam plc, England).
The bound primary antibody was immunodetected using
the labeled avidin-biotin- peroxidase complex (Histostain
SP kit, Zymed Laboratories Inc, San Francisco, USA).
Diaminobenzidine (DAB) was used as a chromogen and
Meyer's haematoxylin as a counterstain. To establish
immunohistochemical  staining specificity, negative
control serial sections were processed by replacing the
primary antibody by phosphate buffer saline with all
other steps performed in the same manner. Positive tissue
control for cytochrome C immunostaining was human
liver with a brownish cytoplasmic immunoreaction,
while that of myogenin; the positive control was human
rhabdomyosarcoma with a brownish nuclear reaction.

(B) Transmission electron microscopel'®!:

Small pieces of muscle specimen with average size
of 1 cubic millimeter were immediately cut and rapidly
fixed in 3 % phosphate buffered glutraldehyde (PH 7.2).
Post fixed in 1% osmium tetroxide and embedded in resin.
Ultrathin sections were stained by uranyl acetate followed
by lead citrate. Finally examination was carried out by
TEM. JEOL (JEM-1400 Electron Microscope) at the
Electron microscope unit of Cairo University Research
Park (CURP).

(C) Morphometric study

Data were obtained using “Leica Qwin 500 C” image
analyzer computer system Ltd. (Cambridge, UK). The
area percent of cytochrome C immunostained sections and
the number of cells stained with myogenin antibody were
measured in 10 non- overlapping fields at a magnification
of x400.

(D) Statistical Analysis

The measurements obtained were analyzed using SPSS
software version 9 (SPSS, Chicago, IL). Comparison
between different groups was made using analysis of
variance (ANOVA) followed by post hoc Tukey test. The
results were expressed as means + standard deviation (SD).
The differences were considered statistically significant
when “p value” was < 0.05.

RESULTS:

Thebiochemical, histological andimmunohistochemical
results of all subgroups of the control group (A) were
similar. So, they were referred to by control group
(subgroup Al).

Biochemical results (Histogram 1):

The mean value of serum GSH of subgroup BI
(untreated subgroup; 17.87+1.01) and BII (Oxytocin
treated subgroup; 42.9842.07) were significantly lower
than that of subgroup Al (control group; 59.81+1.91) while
the mean value of serum GSH in subgroup BIII (Vitamin
E treated subgroup; 58.334+1.51) showed nonsignificant
difference as compared with subgroup Al.

However, a statistically significant increase was reported
in subgroups BII and BIII as compared to subgroup BI.
Moreover, the mean value of serum GSH in subgroup BIII
was significantly higher as compared to subgroups BII.

Mean serum MDA levels for subgroups BI (20.7+0.51)
and BII (12.840.22) represented a significant increase
when compared to control group Al (0.98+0.1) while the
mean serum MDA of subgroup BIII (1.24+0.39) showed
nonsignificant difference as compared with subgroup Al

However, the mean values of MDA for subgroups BII
and BIII were significantly decreased when compared
to the subgroup BI. Moreover, a statistically significant
decrease was reported in subgroup BIII as compared to
subgroups BII.

Histological Results:
Haematoxylin and Eosin Stained Sections (Plate. 1):

Control group exhibited polyhedral muscle fibers
arrangedingroups; individualmusclefibers were surrounded
by delicate connective tissue (C.T.) endomysium. The
untreated IR subgroup showed ballooned muscle fibers
having pyknotic nuclei, deeply acidophilic cytoplasm
with loss of myofibrils; some were fragmented and others
were infiltrated by inflammatory cells separated by wide
C.T. endomysium. Oxytocin treated subgroup showed few
fibers with a circular outline, dark acidophilic homogenous
cytoplasm and loss of myofibrils separated by wide C.T.
endomysium. Vitamin E treated subgroup had apparently
normal histological architecture apart of widening of C.T.
endomysium.

Transmission electron microscope (Plate. 2):

Ultrathin sections of skeletal muscle in the control
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group showed alternating dark and light bands bisected
by [Z] disc. Sarcoplasm contains mitochondria, glycogen
granules and small cisternae of SER. Sections in the
untreated IR subgroup demonstrated parts of fragmented
muscle fibers; some appeared with lost cross-striational
pattern and others were completely vacuolated. Enlarged
mitochondria were seen with loss of some cristae. Sections
in Oxytocin treated subgroup showed parallel muscle
fibers with alternating dark and light bands. Disorganized
myofibrils arrangement appeared at focal areas. Few
mitochondria showed loss of cristac while others appeared
with normal cristae. Numerous glycogen granules were
clearly noted. In vitamin E treated subgroup, muscle fibers
were regularly arranged, separated by rows of apparently
normal mitochondria and numerous glycogen granules.

Immunostaining with Cytochrome C (Plate. 3):

Transverse sections of skeletal muscle in the control
group demonstrated polyhedral muscle fibers with
minimal cytoplasmic immunostaining by cytochrome C
while untreated IR subgroup showed marked cytoplasmic
immunostaining. Oxytocin treated subgroup revealed
moderate  cytoplasmic  immunostaining meanwhile
Vitamin E treated subgroup showed minimal cytoplasmic
immunostaining.

Immunostaining with myogenin (Plate. 4):

Transverse sections of skeletal muscle in the control
group showed negative nuclear immunoreactivity to
myogenin while the Untreated IR subgroup exhibited a large
number of positively immunostained nuclei of specialized
myogenic cells in-between the polyhedral muscle fibers.
Oxytocin treated subgroup as well revealed many positive
immunostained nuclei. Conversely, Vitamin E treated

subgroup demonstrated occasional immunostained nuclei.

Quantitative Morphometric Results (Histogram 2):

Mean Area Percentage of cytochrome C
immunoreactivity in the Studied Groups:

The mean area % of cytochrome C in control group
(subgroup Al) was (2.06+0.56), subgroup BI was
(21.31£1.69), BII (9.454+0.57) and BIII (2.78+0.59). The
mean area % of cytochrome C immunoreactivity in muscle
fibers in the experimental subgroups BI and BII was
significantly increased (P<0.05) when compared to the
control group. Mean area % of cytochrome C in subgroups
BII and BIII showed a significant decrease (P<(0.05) when
compared to subgroup BI.

Mean area % of cytochrome C in subgroup BIII
showed a significant decrease (P<(0.05) when compared to
subgroups BII.

Mean number of myogenin immunopositive cells in
the studied groups:

Mean number of myogenin immunopositive cells in the
control group Al was (1.2+0.63), subgroup BI (7.2+0.79),
BII (10.8+0.78) and BIII (2.6+0.52). Number of myogenin
immunopositive cells in subgroups BI, BII and BIII was
significantly higher as compared to control group A.

Mean number of myogenin immunopositive cells in
subgroup BII was significantly higher as compared to
subgroup BI.

Mean number of myogenin immunopositive cells in
subgroups BIII showed a significant decrease (P<0.05)
when compared to subgroups BI and BII.
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Histogram 1: Mean values of serum GSH and MDA in the studied groups
*Significant as compared to control group (A) (p<0.05)

# Significant as compared to IR untreated subgroup (BI) (p<0.05)

o Significant as compared to Oxytocin treated subgroup (BII) (p<0.05)
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Mean Area % of cyvtochrome C & mean number of myogenin
imunoreactivity in the studied groups
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Histogram 2: Mean area % of cytochrome C and mean number of myogenin immunoreactivity in the studied groups
*Significant as compared to control group (A) (p<0.05)

# Significant as compared to IR untreated subgroup (BI) (p<0.05)

o Significant as compared to Oxytocin treated subgroup (BII) (p<0.05)

Fig. 1: Photomicrographs of T.S. section in a rat skeletal muscle of:
» AandB (control group): showing polyhedral muscle fibers with acidophilic cytoplasm and peripheral nuclei (circle). Each fiber is surrounded by C.T.
endomysium (black arrowhead) while the C.T. perimysium (yellow arrowhead) wraps each fascicle.
* CandD (untreated IR subgroup): showing ballooned muscle fibers that exhibit dark acidophilic homogenous cytoplasm with loss of myofibrils (stars) and
pyknotic nuclei (curved arrows). One fiber is fragmented (wavy arrow) and another one is infiltrated by inflammatory cells (kinked arrow). Note, widening of
the C.T. endomysium (arrowheads).
» E (oxytocin treated subgroup): showing few fibers with a circular outline, dark acidophilic homogenous cytoplasm and loss of myofibrils (stars). Note,
widening of the C.T. endomysium (arrowheads).
» F (Vitamin E treated subgroup): showing group of muscle fibers (circle) that appear almost comparable to the control apart from widening of the C.T.
endomysium (arrowheads).

(HandE: AandC x200; B, D, E and F x400).
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Fig. 2: Electron photomicrographs of an ultrathin section in a rat skeletal muscle of:
* A (control group): showing alternating dark (A) and light (I) bands bisected by [Z] disc. Sarcoplasm contains mitochondria (red arrows), glycogen granules
(triangles) and small cisternae of SER (white arrow).
* B (untreated IR subgroup): demonstrating parts of fragmented muscle fibers; some appear with lost cross striational pattern (red stars) and others are
completely vacuolated (yellow star). The upper part of the field reveals few fibers with normal alteration of light (I) and dark (A) bands. Enlarged mitochondria
are seen with loss of cristae (red arrows).
« C (oxytocin treated subgroup): illustrating parallel muscle fibers with alternating dark (A) and light (I) bands. Disorganized myofibril arrangement (wavy
arrows) appears at focal areas. Few mitochondria show loss of cristae (red arrows) while others appear with normal cristae (yellow arrow). Numerous glycogen
granules are clearly noted (triangles).
* D (Vitamin E treated subgroup): showing parallel regularly arranged muscle fibers separated by rows of apparently normal mitochondria (red arrows) and
numerous glycogen granules (triangles).

(EM: A, B, C and D x20000)

Control X400

Fig. 3: Photomicrographs of TS in a rat skeletal muscle showing polyhedral muscle fibers immunostained with anti-Cytochrome C antibody:
* A (control group): minimal brownish cytoplasmic immunostaining
* B (untreated IR subgroup): marked brownish cytoplasmic immunostaining
« C (oxytocin treated subgroup): moderate cytoplasmic immunostaining
* D (Vitamin E treated subgroup): minimal cytoplasmic immunostaining
(Cytochrome C immunostaining: A, B, C and D x400)
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Fig. 4: Photomicrographs of TS in rat skeletal muscle immunostained with anti-myogenin antibody showing:

* A (control group): negative nuclear immunostaining

* B (untreated IR subgroup): large number of immunostained nuclei (arrows) in between the polyhedral muscle fibers.
* C (oxytocin treated subgroup): many immunostained nuclei (arrows) in between the polyhedral muscle fibers.
* D (Vitamin E treated subgroup): occasional immunostained nuclei (arrows) in between the polyhedral muscle fibers.

DISCUSSION

The skeletal muscle ischemia-reperfusion (IR) injury
is a pathophysiological process due to interruption or
reduction of the arterial blood supply. This condition causes
a mismatch between the contributions and needs of the
muscle cell that leads to local lesions. Reperfusion worsens
the injury by cellular infiltration and ROS production,
which leads to further tissue damage!!).

The current study was designed to compare the possible
protective mechanisms of oxytocin (OXY) versus Vitamin
E against skeletal muscle ischemia/reperfusion [I/R] injury
in a rat model.

In this study, the control group showed normal
serological analysis and histological findings which went
parallel with morphometric examination.

The untreated IR subgroup showed significant decrease
of serum levels of GSH associated with significant
elevation of serum level of MDA when compared with
control group indicating the occurrence of oxidative stress
that caused muscle damage. Malondialdehyde (MDA)
is one of the most commonly used biomarkers of lipid
peroxidation which reflects the extent of cellular oxidative
injury, while GSH is a potent antioxidant and a major
component of the antioxidant defense mechanism against

(Myogenin immunostaining: A, B, C and D x1000)

oxidative stress!!''®. These results are consistent with the
findings of Erkanli et al., 2013 and Wang et al., 20151
and ) who reported that IR injury of the skeletal muscle
significantly decreased GSH activity compared with the
control group while the MDA levels in IR group were
significantly higher.

Light microscopic examination of skeletal muscle
sections stained with HandE in untreated IR subgroup
showed severe muscle fiber degeneration in the form of
fragmented muscle fibers having pyknotic nuclei and
deeply acidophilic cytoplasm with loss of myofibrils
denoting apoptosis. Moreover, ballooning of muscle
fibers, infiltration by inflammatory cells and edema were
recorded in our study, these findings could be attributed
to the pathological condition necrosis. These deleterious
effects of IR on skeletal muscle were previously reported
by Mohamed, 2015, Wang et al., 2015 and Wang et al.,
201618 -2 who reported skeletal muscle edema, muscle
fiber degeneration, pyknotic nuclei, necrosis, sarcoplasm
dissolution, interstitial vessel hemorrhage and neutrophil
infiltration.

The edema secen in untreated IR sections could be
clarified by the endothelial damage and ROS production
increasing vascular permeability to proteins and water®!,
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Examination of the ultrathin sections of the untreated
IR subgroup confirmed muscular degeneration by the
presence of fragmented muscle fibers, loss of cross-
striational pattern and vacuolation. Moreover, enlarged
mitochondria with loss of cristae were detected. This is
in accordance with Wang et al., 2015 who mentioned
muscular dissolution and mitochondrial swelling in IR
injury of skeletal muscles.

The mechanisms contributing to IR injury are
multifactorial and complex. Calcium overload and
oxidative stress play a major role. During Ischemia, muscle
suffers from ATP depletion which is supplied by anaerobic
glycolysis leading to production of lactate resulting in H+
production and decrease intracellular PH. To reestablish
normal PH, Na+/H+ pump is activated to remove excess
H+ and unfortunately this leads to increased intracellular
Na+. The increased Nat+ in turn activates Na+/Ca2+
exchanger causing Calcium overload. This is aggravated
by impairment of Ca2+ reuptake by sarcoplasmic reticulum
which is dependent on Ca 2+ATPasel??. Increased
cytosolic Ca2+ ions cause cell death through opening of
the mitochondrial permeability transition pore (MPTP) and
activation of calpain, which is cysteine proteases degrading
cytoskeletal, endoplasmic reticular and mitochondrial
proteins?423],

Moreover, mitochondria could undergo unbalanced
cycles of division (fission) and fusion in cardiac injury
resulting in large fused mitochondria causing apoptotic
cell death®*-%, This could explain the presence of enlarged
mitochondria with loss of cristae. In addition, calcium
overload stimulates the production of cytokines and
chemokines that exacerbates IR injury!?2423,

During reperfusion, oxygen levels are restored however,
a surge in the generation of reactive oxygen species
(ROS) occurs and neutrophils infiltrate ischemic tissues
to exacerbate ischemic injury. ROS production induces
expression of adhesive molecules on the microvessel
endothelium and facilitates transendothelial migration of
leukocytes, which in turn causes further production of ROS.
The interaction between ROS and membrane lipids results
in lipid peroxidation that in turn increases the membrane
permeability, DNA damage and cell death[*? *¢2¢l, These
changes are detected in the present study as fragmented
degenerated muscle fibers with pyknotic nuclei.

The previous findings were supported by examination
of cytochrome C immunostained sections of untreated IR
subgroup revealing marked cytoplasmic staining that was
confirmed by significant increase in mean area percent of
cytochrome C immunoreactivity versus the control group.
This was clarified by Morciano et al., 201527who stated
that opening of mitochondrial permeability transition
pore (MPTP) causes the release of various apoptogenic
susbstances such as cytochrome C that binds to cytosolic
protein forming apoptosome that activates caspase
9, caspase 3 and caspase 7 which are responsible for
destroying the cell by apoptosis.

Examination of myogenin immunostained sections of
untreated IR subgroup revealed an increase in the mean
number of myogenin immunostained cells compared
with the control group. This was explained by Yamada
et al., 2008 and Wilschut et al., 201528191 who reported
that muscular injury activites satellite cells to divide and
differentiate to specialized myogenic cells stained with
myogenin in attempt to repair the damaged muscle.

Myogenin is a specific gene for skeletal muscle
encoding a transcription factor which is detected in the
primary myotome of the developing embryo and during
muscle regeneration. Myogenin is expressed early in the
differentiation of stem cells to specialized myogenic cells
as it activates the muscle gene expression but it has no role
in muscular proliferation®**1,

In the present study, oxytocin treated subgroup showed
a significant increase in serum levels of GSH and a
significant decrease serum level of MDA when compared
with untreated IR subgroup indicating the antioxidant
effect of oxytocin. However, their levels were still
significantly different from the control levels indicating
mild improvement of oxidative stress.

Hand in hand with the previous findings, Erkanli
et al., 20130 reported that the administration of oxytocin
in intestinal IR injury significantly increases GSH as
compared with IR group. Glutathione is an antioxidant
enzyme that prevents the production of ROS and converts
them into less reactive species. Moreover, oxytocin
significantly decreased MDA activity as compared to IR
group thus I nhibiting lipid peroxidation, which may lead
to disorganization of cell structure and function.

HandE stained sections from oxytocin treated subgroup
showed mild improvement indicated by clear striations
of the muscle fibers. Few fibers showed areas of dark
acidophilic cytoplasm and loss of myofibrils with edema.

Oxytocin has an antioxidant effect by decreasing
production of ROS and damage of proteins and nucleic
acid. It protects the membrane integrity against lipid
peroxidation, which modifies the cell membrane
permeability and fluidity to separate cells and release their
organellesB0431,

In addition, Alizadeh ef al., 2012 and Chaves
et al., 20138331 demonstrated that oxytocin exerts
anti-inflammatory effect by decreasing infiltration of
inflammatory cells and cytokines levels including vascular
endothelial growth factor (VEGF), monocyte chemotactic
protein-1, TNF, and IL-6.

Hand in hand with HandE, the ultrathin sections
demonstrated mild improvement, showing parallel muscle
fibers with alternating dark and light bands. Disorganized
myofibril arrangement appeared at focal areas. Few
mitochondria showed loss of cristae while others appeared
with normal cristae. These results were in agreement with
Erkanli et al., 2013 who demonstrated that administration
of oxytocin protects the skeletal muscle tissue against
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ischemia. This was proved by moderately disorganized,
degenerated muscle fibers with a minimal degree of
damage in the myofibers and Z lines.

Moreover, numerous glycogen granules were seen in
ultrathin sections that was clarified by Dianat ez al., 20145
who demonstrated that IR injury causes ATP depletion
that is compensated in the treated groups by increasing
glycogen content of muscle for anaerobic glycolysis.

In the present study, cytochrome C immunostained
sections of oxytocin treated subgroup revealed moderate
cytoplasmic staining that were confirmed by a significant
decrease in the mean area percent of cytochrome C
immunoreactivity versus the untreated IR subgroup. This
was clarified by Alizadeh et al., 20128B% who stated that
oxytocin inhibits mitochondrial permeability transition
pore (MPTP) thus inhibiting the release of apoptogenic
substances as cytochrome C and inhibiting apoptosis.

Examination of Myogenin immunostained sections in
oxytocin treated subgroup revealed a significant increase
in the mean number of myogenin immunostained cells
when compared with the control and untreated IR subgroup
demonstrating profound stimulatory effect of oxytocin
on differentiation of stem cells. This was explained by
Elabd et al., 20157 who stated that myogenic satellite
cells express oxytocin receptors which are activated by
oxytocin. Induction of MAPK (mitogen-activated protein
kinases) by oxytocin phosphorylates extracellular signal-
regulated kinases (ERK-1/2). The phosphorylation of ERK
promotes its kinase activity that is involved in activation
and proliferation of myogenic stem cells

From the previous findings, it could be suggested that
oxytocin could minimize manifestations of IR injury by
its potent stimulatory effect on stem cell differentiation
beside its mild anti-inflammatory and antioxidant effects
as proved by light and electron microscopic studies.

A significant increase in serum levels of GSH and a
significant decrease in serum level of MDA were recorded
in vitamin E treated subgroup when compared with the IR
untreated subgroup, Oxytocin treated subgroups. These
findings reflect the antioxidant effect of vitamin E. The
non-significant difference in Vitamin E treated subgroup
versus the control denotes its superior antioxidant effect
over oxytocin. These results were supported by the work
of Dong et al., 20145 who mentioned that GSH level was
increased by vitamin E to catalyze the conversion of ROS
into less reactive species. In association, a decrease in
MDA level revealed less destruction of unsaturated fatty
acids in cell membranes by ROS.

Both light and electron microscopic examination of
vitamin E treated subgroup sections showed almost normal
histological muscular structure. Parallel regularly arranged
muscle fibers, pale vesicular nuclei and rows of apparently
normal mitochondria apart of some interstitial edema were
recorded. These results were consistent with the findings
of Mohamed, 20152 who stated that vitamin E treated

muscle sections showed relatively normal histological
architecture with normal pattern, arrangement of the
myofibrils and mitochondria.

Moreover, Dianat etal., 2014 and Azari etal., 20155324341
stated that Vitamin E is a strong antioxidant that acts as
the first line of defence even within 1 hour by decreasing
MDA, thus preventing peroxidative burst which causes
destruction of the unsaturated fatty acid of the cell
membranes and cellular damage. Furthermore, vitamin E
increases the production of antioxidant enzymes as well as
decreases pro-inflammatory cytokines.

Furthermore, Labazi er al., 2015 and Azari et al.,
2015858341 gtated that vitamin E protects the mitochondrial
membrane preventing the release of apoptogenic
substances as cytochrome C which is proved statistically in
our study by a significant decrease in the mean area percent
of cytochrome C immunostaining verus the untreated IR,
oxytocin treated subgroups.

Concerning myogenin, Vitamin E treated subgroup
showed a significant decrease in the mean number of
myogenin immunostained cells when compared with
untreated IR subgroup. However, this parameter was
increased when compared to the control group. This
finding illustrates weak stimulatory effect of vitamin E on
stem cells reflecting better muscular improvement by its
strong antioxidant effect. This is consistant with Avci ez al.,
2012 and Dong et al., 201412451 who stated that vitamin
E would be hypothetically beneficial in protecting skeletal
muscle against IR injury.

Moreover, Khor et al., 20165 gtated that vitamin E
induces satellite cell proliferation and differentiation, which
was detected in this study by a significant increase in the
mean number of specialized myogenic cells immunostained
by myogenin in comparison with the control group.

Based upon outcomes of the current study, it could
be concluded that after 6 hours of ischemia reperfusion
injury, vitamin E is superior to oxytocin in combating
skeletal muscle IR injury. This was through its potent
anti-inflammatory and antioxidant effects beside its
mild stimulatory effect on stem cells differentiation,
which was evidenced serologically, histologically and
immunohistochemically. However, longer duration of
oxytocin administration may be recommended to monitor
its stimulatory effect on stem cell differentiation; or even
combination therapy of oxytocin and vitamin E may
be advisable to achieve both antioxidant and stem cell
activation benefits.
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