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Abstract:

Background: Nandrolone-decanoate (ND); is an anabolic steroid. Its toxic effects on
the heart as arrhythmias, acute myocardial infarction, and sudden death have been
recorded. Moringa oleifera extract (MOE); is a herbal extract used to treat various
diseases due to its antioxidant effect. Aim; This study was designed to evaluate the
efficacy of MOE as a protective agent against cardiotoxicity induced by ND. Material
and methods; Thirty-two adult male albino rats were allocated into four groups.
Control group; MOE treated group; rats were given MOE by oral gavage (400
mg/kg/day) for four weeks. ND group; rats were injected ND S.C; at a dose of 20
mg/kg/week for four weeks. ND+MOE-treated group; rats simultaneously
administrated ND; (20mg/kg/week S.C.) with MOE (400 mg/kg/day by oral gavage)
for four weeks. Serum levels of cardiac enzymes were estimated. Also; MDA, GSH,
SOD, IL-6, TNF- a, and IL-10 levels in cardiac tissue were estimated. Cardiac
samples were processed to light, an immune-histochemical study using anti-P53 and
anti-CX43 antibodies as well as electron microscopic examination. Morphometric;
and statistical studies were done. Results; In the ND group, serum levels of cardiac
biomarkers and cardiac tissue levels of MDA, TNF-a, and IL-6 were significantly
increased with significant diminution in the activity of catalase, SOD, diminished
GSH, and IL-10 in the cardiac tissues. Light; microscopic examination showed wide
endomysium, inflammatory cell infiltration, and lacerated and wavy cardiac muscle fibres
were observed. There was a marked deposition of collagen fibres at areas of
interrupted muscle fibres. Positive; P53 immuno-expression in the nuclei and
decreased expression of CX43 were observed. Ultra-structurally; interrupted
myofibrils, dilated sarcoplasmic reticulum, and a disorganized intercalated disc was
observed. In (ND+MOE) group; showed marked amelioration in the cardiac
architecture and ultrastructure, down-regulation of P53, and CX43 immuno-
expressions, and a significant reduction in serum level of cardiac biomarkers, and
cardiac tissue levels of MDA, TNF-a and IL-6 with a significant increase in activity
of catalase, SOD, diminished GSH and IL-10 in the cardiac tissues. Conclusion; MOE
could alleviate the cardio-toxic effects induced by ND in rats through anti-inflammatory, anti-
oxidant; and anti-apoptotic effects.
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1. INTRODUCTION

Anabolic androgenic steroids (AAS) extensively used for therapeutic purposes
simulate testosterone hormone structurally in treating chronic renal diseases,
and functionally. AAS; has been inoperable breast cancer, and osteoporosis
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in postmenopausal women (Patané et al.,
2020).  Nandrolone-decanoate;  (17f-
hydroxy-19-nor-4- androstane-3-one) is an
anabolic  steroid. Nowadays; it is
commonly used by athletes and
bodybuilders to increase their physical
performance and muscle mass (Mullen et
al., 2020). Abuse; of anabolic steroids
results in many organ dysfunctions
(Vorona and Nieschlag, 2018). High
doses of ND; induce toxic effects on the
cardiovascular system as arrhythmias,
hypertension, altered lipid profiles, acute
myocardial infarction, and sudden death
have been recorded (Rosca et al., 2019;
Melhem et al., 2020). The supra-
physiological administration of AAS leads
to endothelial dysfunction, alteration of
cholesterol levels, oxidative stress, and
inflammation. This increases morbidity
and mortality due to its cardiac and
metabolic consequences (Liu and Wu,
2019).

Numerous natural foodstuffs contain
several phytochemical compounds
expectant to guard the heart and blood
vessels from further damage (Shaito et al.,
2020). Geographically; Moringa-oleifera
is dispersed from equatorial Africa to east
India. It; is identified as the "miracle tree"

2. MATERIALS AND METHODS

2.1Chemicals and drugs:

Nandrolone-Decanoate; is  known
commercially as Deca-Durabolin. It; was
gained from (Chemical industrial
Development Co. for the Nile Company
for ~ Pharmaceuticals and  Chemical
Industries, Egypt.). It; is available in the
form of ampoules. Every vial; contains 50
mg/mL of the active ingredient in an oily
solution.

Moringa-oleifera; was gained from the
Egyptian Scientific Society for Moringa at
the National Research Centre in Dokki,
Giza, where it has been stored at the
Horticulture and Crops, Technology
Department with a voucher specimen
number (Voucher No. MO19).
Preparation of Moringa-oleifera extract
(Aqueous extraction):

The leaves were scattered as a thin layer
under a shadow with no exposure to direct
sunlight to be air dried, with continuous
turning over of the leaves to avoid mould
and keep their green colour. Until; they
were crispy when touched. Then; leaves
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because it has been used in nutrition and
medicine.

All parts of this plant species, including
leaves, roots, seeds, fruit, and flowers,
contain numerous natural antioxidant
components, such as flavonoids, ascorbic
acid, carotenoids, and phenolics (Mumtaz
et al.,2021). Moringa-oleifera extract
(MOE) is used to treat many disorders,
such as anaemia, diabetes, and infectious
and cardiovascular diseases.

The moringa-oleifera extracts (MOE);
that are known that have functional
activities associated with cardiovascular
disorders are isoquercetin, a-
Lrhamnopyranosyl lincosamide, quercetin,
and isothiocyanate (Alia et al., 2022).
Several studies; suggested that MOE act as
a cardio-protective for structural integrity
from damage and ameliorative for cardiac
contractility through its antioxidant, anti-
inflammatory, and anti-apoptotic
properties (Aekthammarat et al., 2019;
Khalil et al., 2020). This study; is
designed to evaluate the efficacy of
MOE as a protective agent against
cardiotoxicity induced by ND

were grinded with a blender to powder
form. Twenty grams (20 g) of the
Moringa-oleifera powder was dissolved in
100 ml of distilled water for 24 hours.
Then; it was filtered using a white riddle
cloth, and the deposit was dried to obtain
the dry weight of the deposit, it was
subtracted from the original weight to
know the amount of Moringa-oleifera that
dissolved in 100 ml of distilled water
(Osonuga et al., 2020).

2.2 Animals:

Thirty-two adult male albino rats
weighing 160 * 20 g were purchased from
an animal breeding facility used for
experiments (Helwan-Cairo). They; were
kept in animal housing at the Anatomy
and Embryology department of the Benha
Faculty of Medicine, eight per cage in a
well-ventilated environment at room
temperature. For seven days before the
start of the trial, they provided free access
to standard food (rat-feeding pellets
bought from an animal breeding farm).
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Animals; were handled following the
Benha Faculty of Medicine's protocol for
managing experimental animals
throughout the study.

2.3 Design of the experiment:

Rats were divided into four groups at
random, each of 8 rats; the animals in
Group | (normal vehicle control), sesame
oil S.C. injection. The Group Il (ND), rats
were injected  with  nandrolone-
decanoate S.C.; at a dose of 20
mg/kg/week for four weeks diluted in
sesame oil (Sretenovic et al., 2020).
Group Il (MOE), rats were treated with
moringa oleifera (400 mg/kg/day by oral
gavage) for four weeks (Aja et al., 2015).
Group v (ND+MOE); rats
simultaneously administrated nandrolone-
decanoate (20mg/kg/week S.C.) with
moringa oleifera (400 mg/kg/day by oral
gavage) for four weeks.

2.4 Methods:

Animals from each group were given

ether inhalation anaesthesia after the
allotted time for each group. Blood
samples were obtained immediately from
IVC and placed in non-heparinized glass
tubes for the biochemical study; the blood
samples were centrifuged for 15 minutes
at 3000 rpm; the serum was collected and
kept at —20° C.
All rats' left ventricles were quickly
sampled for cardiac tissue, and half of
each group's samples were fixed in 10%
neutral  buffer formalin  for light
microscopy; for the electron microscopic
study, the other half of the cardiac muscles
were fixed in 1% glutaraldehyde in
phosphate buffer (Kuo, 2007).

To investigate  oxidative  stress
parameters, additional cardiac specimens
were removed from the right ventricles of
all rats and kept at 80° C.

2.5 Biochemical study
251 Measurement  of  cardiac
biomarkers

According to a technique published by
Whitaker, 1969, serum lactate
dehydrogenase (LDH) activity —was
assessed using kits from Vitro Scientific in
Cairo, Egypt; using kits from VitroScient,
a kinetic method was used to measure the
concentration of creatine kinase (CK) in
serum According to a technique published
by Zilva and Pannall, 1985; An assay kit
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(BioAssay Systems, Hayward, CA,
USA)was used to measure the activity of
creatine kinase-muscle brain (CK-MB) in
serum based on the technique published by
Bishop et al., 1971; A kit was used to
measure  the  serum's myoglobin
concentration  (Reactivos  Spinreact,
Girona, Spain) according to the technique
published by Miller et al., 2000; Using a
Cobas h 232 immunoassay analyzer
(Rache Diagnostics, Mannheim, Germany)
with a sensing range of 0.1-3 g/L, the
cardiac troponin T level in whole blood
was determined.

2.5.2 Measurement of the Biomarkers of
Cardiac Oxidative Stress:

Catalase (CAT) activity measurements
were used to identify the oxidative
cascade, and superoxide dismutase activity
(SOD), Using specialized diagnostic kits
purchased from Laboratory Bio-diagnostic
Co, malondialdehyde (MDA) and
reduced-glutathione (GSH) levels were
measured; According to the methods
published by Aebi, 1984; Misra et al.,
2014; Buege and Aust, 1978 and Ellman,
1959 respectively.

2.5.3 Measurement of inflammatory
markers

Enzyme-linked immunosorbent assay
(ELISA; TP-Reader, Thermoplate) was
used to evaluate the levels of the cardiac
inflammatory cytokines IL-6, TNF-, and
IL-10 in ventricles samples (50 mg)
following the manufacturer's instructions
(Meador et al., 2008).

2.6 Histological study
2.6.1 Light microscopic study
The left ventricles samples were formed as
paraffin slices (5um) and stained using
the:
1.Hematoxylin & eosin (H&E) stain for
routine  histological examination
(Bancroft and Layton, 2013).
2. Masson trichrome stain  for
collagen fibres detection (Keirnan
JA, 2015).
3.Immunohistochemical staining via anti-

P53 and anti- connexin 43

We are using primary anti-p53(Clone

Do-7, Code-Nr. M7001; Dako,

Carpentaria, California, USA) or anti-

Cx43 (polyclonal rabbit anti-rat, Santa

Cruz, CA), respectively (Antunes et al.

2013).
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Images of cardiac sections were taken
with Olympus digital camera (E420,
China) connected to the Olympus
BX51 microscope, using an objective
lens x40.

2.6.2 Electron microscopic study
Ultrastructure examination of cardiac

samples fixed in 1% glutaraldehyde was
done according to (Kuo J, 2007); the
ultrathin slices were studied in the faculty
of medicine, at Tanta University, Egypt,
using a TEM JEoL JEM-100 SX.

2.7 Morphometric study:

1. percentage of collagenous fibres area in
sections  stained with  Masson's
trichrome.

2. The percentage of P53-positive
nuclei in immunostained sections

3. Percentage areaof positive Cx43
immuno-expression in
immunostained sections

3. RESULTS

3.1 Effect of nandrolone-decanoate
(ND) and moringa oleifera (MOE) on
cardiac biomarkers:

Rats given ND; showed a significant
increase in blood levels of LDH, CK, CK-
MB, and myoglobin; when compared to
rats in the control group. Rats treated with
ND alone or in combination with MOE
did not significantly differ from the
control group in their serum level of
troponin-T. Rats; treated with MOE with
ND showed a significant decrease in
serum levels of LDH, CK, CK-MB, and
myoglobin compared to ND (Table 1).

3.2 Effect of ND and MOE on Oxidative
stress biomarkers:

Rats given ND; displayed a significant
increase in MDA levels in their cardiac
samples compared to the rats in the control
group; Rats given ND displayed a
significant decrease in catalase and SOD
activity, as well as a decrease of GSH in
the heart tissues, compared to the control
group; All oxidative stress markers
changed differently in rats given MOE and
ND, compared to the ND group (table 2).
3.3 Effect of ND and MOE on cardiac
inflammatory markers:

Rats given ND; showed a significant
increase in TNF- and IL-6 levels in their
cardiac samples compared to the control
group; Rats given ND showed a
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The measurements were done in six
microscopic  fields that were not
overlapping the ventricular wall for each
rat by using the image analysis program”
Leica Quin 500 ~ software image analyzer.
2.8 Statistical analysis:

SPSS version 16 software (Spssinc,
Chicago, ILL Company) was used to
tabulate and analyze the collected data;
Data were expressed as mean zstandard
deviation; By using the Shapiro-Wilks
test, they assumed normality; P>0.05, as
proved to be non-parametric, the Kruskal
Wallis test was used to detect the
difference among the studied groups.
Following significant Kruskal Wallis tests,
post hoc multiple comparisons using the
Bonferroni test were used to find
significant pairs; In this work, 0.05 was
designated as the acceptable level of
significance. ( it was considered
significant if P <0.05).

significant drop in IL-10 in the cardiac
tissues, compared to the control group. A
significant reduction in TNF-a, and IL-6
levels with significant elevation in IL-10
level in rats treated with MOE with ND
was noted, compared to ND (Table 3).
Light microscopic results:

Light microscopic analysis of cardiac
tissues stained with H&E of control and
MOE-treated group revealed a similar
picture and exhibited the longitudinal cut
myocardium'’s normal histological
structure. The myocardium is formed of
regularly arranged cardiac fibres with
myofibrils parallel to the longitudinal axis
of the muscle fibres; Myocytes had cross
striations in acidophilic cytoplasm and
central oval nuclei; There was thin
connective tissue known as endomysium,
separating the fibroblasts with flat nuclei
and myocardial blood capillaries, from the
cardiac myocytes.

In the ND-treated group, the heart
muscle’s displayed abnormal architecture,
which includes a wide endomysium and
dilated blood vessels, extravasated blood,
and inflammatory cell infiltration. The
cardiac muscle fibres were seen to be
located, hyalinized, and wavy. There were
dark  pyknotic  nuclei in  some
cardiomyocytes and peripheral dark nuclei
in others. Others displayed perinuclear
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cytoplasmic vacuoles. Numerous
myocytes with profoundly eosinophilic
cytoplasm were observed. In ND+MOE
treated group; Normal cardiac muscle
architecture was preserved to some extent.
Regularly organized cardiac muscle fibers
with central vesicular nuclei with wide
separation of the muscle fibers are seen.
Some cardiomyocytes have darkly stained
nuclei (fig 1).

Light microscopy revealed the control
and MOE groups in Masson's trichrome-
stained sections were the same and
showed tiny collagen fibers between the
heart muscle fibres in the endomysium.
The collagen fibers were notably
deposited by the ND group in the sites of
the interrupted fibres of the heart muscle.
ND+MOE treated group revealed a little
collagen fibres accumulation between
heart muscle fibres (fig.2).

4.5 Immuno-histochemical results:

Immunohistochemical examination of
the myocardial expression of P53 revealed
that the control group and MOE-treated
groups showed negative P53 immuno-
expression in the cardiomyocyte nuclei.
The ND-treated group showed positive
P53 immuno-expression in the nuclei of
the cardiomyocyte. The ND+MOE-treated
group showed a weak positive P53
immune reaction in the nuclei of
cardiomyocytes (fig3).

Immunohistochemical examination of
myocardial immuno-expression of Cx43
revealed that control and MOE-treated
groups: had regular immuno-expression of
Cx43 in the intercalated discs. The group
treated with ND displayed weak immuno-
expression of Cx43 in the intercalated
discs. The group treated with ND+MOE
displayed intense immuno-expression of
Cx43 in the intercalated discs (fig4).

4.6 Electron microscopic results:

The electron microscopic examinations
of the myocardium of control and MOE-
treated groups were similar to the normal
histological structure. They revealed that
regular transverse striations of myofibrils
between two subsequent dark Z-lines were
structured as sarcomeres; the light I-band
was on the sarcomere's periphery, and the
dark A-band was in the center. A light H-
zone could be seen in the center of the
dark A-band. Regular rows of variable-
sized abundant mitochondria were seen
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between the myofibrils. The oval nuclei
had finely dispersed chromatin encircled
by a regular intact nuclear membrane.
Intact intercalated disc in between
myocytes with a step-like pattern formed
of adherens junction (AJ) and gap junction
(Fig5a,5b) & (6a,6b).

The electron micrograph of cardiac
myocytes from the ND group showed a
loss of regular arrangement of myofibrils
due to focal areas of myofibril damage and
interrupted Z lines. An irregular outline of
the nuclear membrane and condensed
chromatin  was observed. Between
myofilaments, there  are  dilated
sarcoplasmic  reticulum and  dense
mitochondria with irregular shapes and
arrangement. The intercalated disc was
dilated, and there was vast intracellular
space between myocytes. EXxcessive
glycogen  granules were  observed
(Fig7a,7b).

The electron micrograph of cardiac
myocytes from the ND + moringa group
revealed the restoration of myofibril
transverse striations in a regular sequence
and a typical sarcomere pattern between
two successive Z-lines. A nucleus with a
regular outline of the nuclear membrane
and finely dispersed chromatin was
observed. Between myofilaments, there
were sarcoplasmic reticulum and variable-
sized dense mitochondria arranged in rows
in between myofibrils. Adherens junction
part of the intercalated disc appeared well
organized as a step-like pattern. Excessive
glycogen granules were observed (Fig7).
4.7 Morphometric results:

All  morphometric  results are
demonstrated in Table (4):

A significant increase in the percentage
area of collagen content in heat tissue of
sections of rats treated with ND compared
with those in control and MOE groups
(p<0.05). A significant decrease in the
percentage area of collagen content in
sections of rats treated with ND+MOE-
treated group compared with those in the
ND group (p<0.05)

A significant increase in the percentage
area of p53 expression in sections of rats
treated with ND compared with those in
control and MOE-treated groups (p<0.05).
A significant decrease in the percentage
area of p53 expression in sections of rats
treated with the ND+MOE group
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compared with those in ND-treated group
(p<0.05).

A significant decrease in the percentage
area of CX43 expression in sections of rats
treated with ND compared with those in
control and MOE-treated groups (p<0.05).
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A significant increase in the percentage
area of CX43 expression in sections of rats
treated with ND+MOE-treated group
compared with those in ND-treated group
(p <0.05).
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Table (1): Changes in serum (LDH), (CK), (CK-MB), Myoglobin, and Troponin-T levels in different
groups. The value represents mean £ SD, a, Significant difference from the control group at p < 0.05. b,
Significant difference from the MOE-treated group at p < 0.05, and c, Significant difference from the
ND-treated group at p<0.05

Group LDH CK CK-MB Myoglobin Troponin-T
(/L) (U/L) (ng/ml) (ng/ml) (pg/ml)

Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD

Control 112.58+6.7 769.50+8.5 0.202+0.03 13.8+1.34 0.016+0.005

MORE 107.75+7.8 748.80+12.3 0.211+0.10 13.2+0.63 0.016+0.003

ND 139.10+6.0*" 955.00+13.9%° 0.370+0.04%" 16.6+0.30%" 0.019+0.010

ND+MOE | 123.61+8.9*"¢ 817.30+15.4*P¢ 0.260+0.08° 15.08+0.95*"¢ 0.018+0.002

Table (2): Malondialdehyde content (MDA), reduced glutathione content (GSH), catalase activity
(CAT), and superoxide dismutase activity (SOD) in the heart of rats treated with NA and MOE
separately and in combination. The value represents mean + SD, a, Significant difference from the
control group at p < 0.05. b, Significant difference from the MOE-treated group at p < 0. 05 and c,
Significant difference from the ND-treated group at p < 0.05

Group MDA GSH SOD CAT
(nmol/g tissue) (mg/g tissue) (u/mg protein) (mmol/min/g tissue)
Mean + SD Mean + SD Mean + SD Mean + SD
Control 50.4+1.6 157.0+£2.00 57.0+2.0 0.49 +0.017
MOE 424 +2.6 154.8 + 4.37 55.4+2.6 0.48 +£0.018
ND 108.0 + 4.9°° 116.1 + 3.18%° 45.0+1.7°° 0.24 +0.017*°
ND+MOE 62.9 + 17.9%P¢ 147.3 + 8.03%*¢ 51.9 £ 3.4%¢ 0.40 + 0.068*"¢

Table (3): Changes in serum TNF-a, IL6, and IL-10 levels in the heart of rats treated with NA and MOE
separately and in combination. The value represents mean + SD, a, Significant difference from the
control group at p < 0.05, b, Significant difference from MOE-treated group at p < 0.05, and c,
Significant difference from ND-treated group at p < 0.05

Group TNF-a I1L-6 1L-10
(Pg/mg protein) (Pg/mg protein) (Pg/mg protein)
MeanzSD MeanzSD MeanzSD
Control 225.0+9.2 150 +6.0 220+8.1
MOE 2285+ 2.4 151 +3.9 220+ 7.1
ND 268.8 + 14.0*° 220 + 8.8*° 190 + 7.7%°
ND+MOE 225.4 + 10.1° 165 + 8.0*°¢ 210 +7.1°

Table (4): The percentage area of collagen content, p53 immuno-expression, and CX43 immuno-
expression in cardiac rat tissue of rats treated with NA and MOE separately and in combination. Results
are expressed as Mean + SD (n = 8), a, Significant difference from the control group at p < 0.05, b,
Significant difference from MOE-treated group at p < 0.05, and c, Significant difference from ND-
treated group at p < 0.05.

Group P53 (%o0f protein Masson (%oof collagen Connexin (%oof protein
expression) content) expression)
Control 1.003 + 0.64 0.84 £0.15 6.14 £ 0.08
MOE 0.913 +0.37 0.85+0.19 6.17 + 0.06
ND 8.628 +1.18*" 2.07 £0.24*° 3.41£0.04*"
MOE+ND 5.31 + 1.40**° 1.53 +£0.23*"° 454 +0.13**°
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Fig.1 Photomicrographs of longitudinal sections of rat myocardium:(1A) for the control group; and (1B)
for MOE-treated group showing; myocardium formed of regularly arranged cardiac fibers with
myofibrils parallel to the longitudinal axis of the muscle fibres (arrow). Myocytes show cross striations
in acidophilic cytoplasm and central oval nuclei (arrowhead). There is delicate connective tissue
separating the cardiac myocytes containing blood capillaries (c) and fibroblasts with flat nuclei (F). (1C)
furthermore (1D) are for the ND-treated group showing; disturbance of cardiac muscle architecture with
wide spaces (asterisks) between cardiac muscle fibers, lacerated(double arrows), wavy (thick black
arrow), and hyalinized (L) cardiac muscle fibres, dilated blood vessel (B.V) and extravasated blood (H)
and inflammatory cellular infiltration (I) are observed. Some cardiomyocytes have dark pyknotic nuclei
(crossed arrows), and others have dark peripheral nuclei (curved arrows). Others show perinuclear
vacuolation(v). Numerous myocytes with deeply eosinophilic cytoplasm (yellow arrow). (1D) for the
ND+MOE-treated group showing; the normal architecture of cardiac muscle was partially preserved. The
regular arrangement of cardiac muscle fibres (arrow) with central vesicular nuclei (head arrow) is
observed with wide separation (asterisks) of the muscle fibres. Some cardiomyocytes have darkly stained
nuclei (crossed arrow). (H&E X400).
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Fig. 2 Photomicrographs of longitudinal sections of rat myocardium: (A) ;for Control; and (B); for
MOE-treated groups; showing fine collagen fibres (arrows) in the endomysium in between fibres. (C);
for ND-treated group showed; apparent deposition of collagenous fibres (asterisks) at areas of interrupted
fibers of cardiac muscle. (D); for ND+MOE-treated group showed; mild deposition of collagen fibres in
between fibres of cardiac muscle (arrows)

A . ‘.‘ /" :,P ).J ’Y - >

Fig.3. Photomicrographs of longitudinal sections of rat myocardium for Immuno-histochemical
expression of P53 (400x) showing: (A); for control group and (B); for MOE treated group: showing
negativeP53 immune reaction in the nuclei of cardiomyocyte. (C); ND-treated group: showing positive
P53 immune reaction in the nuclei (arrows) of the cardiomyocyte. (D); for ND+MOE-treated group:
showing weak positive P53 immune reaction in the nuclei (arrows) of the cardiomyocyte.
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Fig.4 Photomicrographs of longitudinal sections of rat myocardium for Immuno-histochemical
expression of Cx43 (400x). (A); for Control and (B); for MOE groups showing: regular expression of
Cx43 in the intercalated discs (arrow). (C); for The ND-treated group showed; weak expression of Cx43
in the intercalated discs (arrow). (D); for ND +MOE treated group showed; strong expression of Cx43 in
the intercalated discs (arrow).
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Fig.5,6 An electron micrograph of cardiac myocyte for(5a,5b) for control and (6a,6b) for MOE-treated
groups showing: regular transverse striations of myofibrils formed of dark (A) and light (I) bands
bisected by (2Z) lines, the distance between 2 Z-line is called sarcomere (S). The center of each (A) band
has a pale (H) zone, variable-sized mitochondria (m) arranged in rows in between myofibrils. Oval
nucleus (n) with finely dispersed chromatin and regular nuclear membrane. Standard appearance of the
intercalated disc formed of adherens junction (AJ) and gap junction (GA).
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Fig.7 An electron micrograph of two cardiac myocytes from the ND-treated group showing: the loss of
regular arrangement of myofibrils due to focal areas of myofibrillar damage (curved arrow) interrupted Z
lines (double arrow). A nucleus (n) with an irregular outline of the nuclear membrane (zigzag line) and
condensed chromatin is observed. Between myofilaments, there are dilated sarcoplasmic reticulum (Sr)
and dense mitochondria (m) with irregular shapes and arrangements. The intercalated disc is dilated
(crossed arrow). Vast intracellular space (arrows) between myocytes is observed. Excessive glycogen
granules (G) are observed.
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Fig.8 An electron micrograph of two cardiac myocytes from the ND+MOE-treated group
showing: the return of regular arrangement of myofibrils regular transverse striations of
myofibrils with a standard pattern of sarcomeres (S) between 2 (Z) lines. A nucleus (n) with a
regular outline of nuclear membrane and euchromatin is observed. Between myofilaments, there
are sarcoplasmic reticulum (Sr) and variable-sized dense mitochondria (m) arranged in rows in
between myofibrils. The Adherence junction (AJ) part of the intercalated disc appears. Standard
form of excessive glycogen granules are (G) observed.

4. DISCUSSION
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Evidence support that non-therapeutic
doses of ND could easily interrupt the
homeostasis of the heart of Wistar rats
(Almaiman et al., 2019). Several studies
have confirmed the cardioprotective
potency of MOE in cardiac disorders (Alia
et al.,2022). The current work aimed to
evaluate the efficacy of MOE in
preventing cardiotoxicity induced by ND.

In this investigation, ND significantly
raised serum levels of LDH, CK, CK-MB,
and myoglobin compared to the control
group, but it did not significantly alter
troponin-T levels. These results matched
with  research  that  stated that
administration of boldenone in rats
causing a significant rise in blood levels of
myoglobin, CK, CK-MB, and LDH in
treated rats compared to control (El
gharabawy et al., 2020). Also; Ali et al.
(2018) recorded a significant rise in serum
cardiac marker CK-MB in the group
treated with ND only. CK-MB is
considered an indicator of myocardial
necrosis (Ulla et al., 2017). Alterations in
the levels of cardiac enzymes and cardiac
markers have been defined in myocardial
infarction(Miltonprabu &
Thangapandiyan, 2015).

In this study, our results revealed a
significant rise in MDA level and
significant decreases in reduced GSH
level, the activity of catalase, and the
activity of SOD in cardiac muscles after
ND injection. The capability of ND to
elevate the level of oxidative stress
biomarkers and disturb  anti-oxidant
defense was previously demonstrated by
[Salem and Alnahdi, 2020; Mohammed
et al., 2020] who studied the effect of ND
on the kidney and testis, respectively.

When the activities of anti-oxidant
enzymes were reduced, the capacity of
scavenging ROS in the cells was
decreased. Subsequently, ROS
accumulates in the cells, attacking the
biomolecules (DNA, proteins, and lipids).
This disrupts cell function and triggers the
onset of numerous illnesses (Kumar et
al.,2021). Previous studies detected a
decrease in anti-oxidant enzyme activity
as well as increasing thiobarbituric acid-
reactive substances representing impaired
redox homeostasis (Lima et al., 2020).

In this study, compared to the control
group, rats given ND had significantly
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higher levels of TNF- a and IL-6 also had
significantly lower levels of IL-10 in their
cardiac tissues.This was in agreement with
Magalhées et al. (2020), who found that
ND induced high inflammatory signals by
increasing IL-1B, TNF-o, and IL-6 local
levels in the retroperitoneal fat pad in the
treated group compared to the control
group.

Several pro-inflammatory mediators are
generated by some inflammatory cells
,such as neutrophils and macrophages,
which infiltrate the site of injury,
including  TNF- o and IL-6.These
cytokines are crucial for the activation of
myofibroblasts and the stimulation of
resident fibroblast proliferation (Thomas
& Grisanti, 2020).

Our light microscopic results in ND
treated group proved previous findings
and revealed widened endomysium
between myofibers. There were focal areas
of wavy and lacerated
myofibers.Vacuolated eosinophilic
homogenous cytoplasm, pyknotic and
karyolytic nuclei were noticed.These
histopathological ~ changes are in
agreement with previous investigators
confirming the success of the current
model [Elgendy et al.,2018; Soliman et
al.,2017; Abdelhafez et al.,2014]. Kahal
& Allem (2018) noticed elongation,
severe laceration, and damage of the
cardiac  myofibers  with  vascular
congestion, which remain after stopping
ND treatment. He suggested that this
could be the cause of some cardiac
diseases in AAS consumers.

In the current study, we noticed
peripherally located nuclei in myocytes in
ND treated group.lt has been described
that nandrolone activates protease
enzymes that break down desmin
filaments that form a cytoskeleton network
extending from the sarcolemma to the
nuclear surface, thus causing nuclear
dislocation of cardiac myocytes to the
periphery (Cao et al.,2021).

The present work showed blood vessel
dilatation and extravasation of blood cells
in between myofilaments.Previous
research stated that AAS administration
stimulated oxidative stress in rats, which
could lead to dilatation and congestion of
blood  vessels.The  production  of
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vasodilator substances is stimulated by
AAS, and this increases the permeability
of the endothelium lining of blood vessels,
allowing blood components to pass into
the extravascular tissue (Sadowska-
Krepa et al, 2011). Testosterone
persuades apoptosis in cells of the smooth
muscle of blood vessels through androgen
receptor activation and ROS production;
this causes dilatation of blood vessels
(Lopes et al., 2014).

Another finding in the current study, as
compared with a control group, the
collagen fibres increased in sections of the
group treated with ND. This was the same
finding of Sretenovic et al. (2022), who
found that NA alone or combined with
swimming caused increase collagen
content in heart tissue.The wide
endomysium found in this study may be
increased in the connective tissue
components, particularly collagen fibres,
and the degree of muscle damage.

A previous study stated a significant

rise in the levels of MMP-2 and MMP-9
gene expression in the heart tissue and a
significant increase in the TGF bl level in
the serum after ND administration (Ali et
al., 2018).The injured cardiomyocytes
produce high levels of profibrotic protein;
TGF bl,which is attached to its receptor
on the cell surface; this elevates the
expression of fibrosis proteins; MMP-2
and MMP-9 gene,which stimulates cardiac
fibrosis (Chang et al., 2014; Lai et al.,
2015).
A transcription factor called p53 (tumor
suppressor protein) controls the rate at
which numerous genes involved in DNA
repair and apoptosis are transcribed.
(Tousson et al., 2011).The
immunohistochemical results of this work
displayed a significant rise in the
expressions of apoptotic protein p53 in the
ND group when compared with the control
group . The MOE treatments were able to
prevent this increase in p53 expression.
Our findings are consistent with those of
El gharabawy et al. (2020), who
discovered that the injection of boldenone
into rats caused an increase in p53
expression in cardiac tissues.Also, these
results agree with Saddick (2021), who
noticed that; ND induced apoptosis in rat
testes.
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Ali et al. (2018) recorded a significant
rise in the calcium level of -cardiac
mitochondria in ND-treated rats. It has
been revealed that increase concentrations
of intracellular calcium trigger the opening
of the mitochondrial transition pores
resulting in  impairment of the
permeability of the  mitochondrial
membrane that lead to the discharge of
apoptotic factors such as cytochrome C
,also oxidative reaction induces DNA
damage which activates P53, later on,
apoptosis occurs (Liu & Wu, 2019).

In this study, there was a significant
decrease in the expression of connexin 43
in sections of ND-treated rats compared to
the  control  group.Atypical  Cx43
expression is often accompanied by
cardiomyopathy and arrhythmias
(Elhadidy et al.,2020)

Ultrastructure study of the ND group
showed disorganization of myofibrils,
dilated sarcoplasmic reticulum, dense
irregular shapes mitochondria and a
disorganized intercalated disc  was
observed.These observed degenerative
changes were supported by the previous
study done in 2022 by Mohamed and
Mohamed (2022), who reported the same
findings in skeletal muscle after ND
administrations.

In the current study, focal areas of
myofibrils damage interrupted Z lines
were noticed in the group treated with
ND.This is in agreement with Elgendy et
al. (2018), who explained that myofibril
dismantles after ND treatment due to
activation of Proteinase by increased
calcium level in necrotic muscle.Thus
Myofibril dismantling happened as a result
of the myofibrils' Z lines, M lines,
tropomyosin, troponins, and C proteins
being digested out of them.Also, the
dismantling of myofibril may occur due to
dysfunction of mitochondria that can
result in decreased ATP synthesis and
insufficient energy output, both of which
are necessary for maintaining cell
homeostasis and cellular protein synthesis.
(Baines, 2010).Tofighi et al. (2017)
attributed the cause of cardiomyocyte
apoptosis after prolonged administration
of AAS to oxidative stress, and
accumulation of ROS leads to decrease
cardiac proteins survival and stimulates
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pro-apoptosis  proteins  leading  to
cardiomyocyte apoptosis.

In the present study, Sarcoplasmic
reticulum (SR) dilation was seen in the
cardiomyocytes of the ND group. The
pathological SR lead to calcium leak and,
excessive mitochondrial calcium uptake
causes mitochondrial calcium overload
and ROS release that  worsen
mitochondrial dysfunction (Ruiz-Meana
et al., 2019)

There was an apparent increase in
glycogen granules in the ND group in our
study. On the contrary, Hassan & Kamal
(2013) revealed that, compared to the
control group, ND treatment alone did not
raise the glycogen content in heart
tissue.ASS changes the tissue response to
insulin-like growth factors (Soliman et
al.,2017).We suggest that after ND-
induced cardiotoxicity, mitochondrial
dysfunction and ATP depletion occurred,
this was compensated by an increase in g
glycogen content in cardiac muscle for
anaerobic glycolysis to provide energy.

Remarkably, Compared to the ND
group, rats treated with MOE and NA
showed a significant decrease in serum
levels of LDH, CK, CK-MB, and
myoglobin, according to the study's
findings.These results were indicating that
MOE has a protective role on cardio-
toxicity by  reducing  myocardial
destruction and thus limiting the leakage
of these enzymes from the myocardium.
Like results were reported by Khalil et al.
(2020), who studied the cardioprotective
effect of MOE against tilmicosin
cardiotoxicity.Also, ~Abd  EI-Motelp
(2022) demonstrated that MOE could
decrease the serum levels of CRP, CK,
LDH, and ALT, troponin-1 which were
elevated after doxorubicin cardiotoxicity.

Additionally, the current research has
shown that treatment of MOE with ND led
to a significant decrease in the MDA
levels with an increase in the activities of
CAT and SOD in addition to a decrease in
GSH in the cardiac tissues.This was the
same noticed by Mabrouki et al. (2020),

CONCLUSIONS

Through its anti-inflammatory, anti-
oxidant, and anti-apoptotic actions,
Moringa oleifera extracts (MOE) can
potentially mitigate the cardiotoxic effects
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who investigated the heart's anti-oxidant
response to MOE in high-fat diet-induced
obesity. Moreover, treatment of MOE with
NA in this study significantly down-
regulated the TNF-a and IL-6 levels and it
up-regulated the  IL-10 level in serum,
when compared to the ND group,this was
indicating that MOE exerts cardio-
protective  influence  against ND
toxicity.According to Aniss et al. (2020),
MOE had ameliorated doxorubicin-
induced cardiotoxicity through its anti-
inflammatory  effect by decreasing
inflammation markers TNF-o and NF-xB
in a rat model.

The observed decrease in oxidative
stress markers and down-regulation of
pro-inflammatory following MOE
administration may have been attributed to
its phytochemical components including
isothiocyanates carotenoids, a-tocopherol
(Vit E) and flavonoids like quercitin,
which have been demonstrated to have
anti-inflammatory properties,
(Gopalakrishnan et al., 2016; Sreeja et
al., 2021).Additionally, it includes gallic
acid, which has anti-oxidant and anti-
inflammatory properties that have been
shown to reduce the release of
inflammatory mediators like TNF-a (El-
Shehawi et al., 2021).Likewise, the ability
of MOE to struggle with oxidative stress
by scavenging free radicals through its
contents such as Chlorogenic acid,
phenolic acids, rutin, and quercetin
(Sreeja et al., 2021).Quercetin is the
essential content of MOE.It contains
phenolic hydroxyl groups, which can
reverse altered energy metabolism in the
heart because they have anti-oxidant
action and suppress ROS significantly
(Zakaria et al., 2018).

These results were reinforced by
improved cardiac histology in light and
electron microscopic investigations.The
cardioprotective properties of ingredients
isolated from MO leaves prevent the
disruption of cardiac myofibrils and
improve cardiac contractile function
(Panda et al., 2013).

generated by nandrolone-decanoate (ND)
in rats.

Ethical approval
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All aspects of this research were done
according to the principles and guidelines
of the Ethics Committee of the Faculty of
Medicine, Benha University, Benha,
Egypt.

The study conformed to the "Guide for the
care and use of Laboratory Animals™ for
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