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ABSTRACT

Anabolic androgenic steroids (AAS) are still used broadly by athletes, even though
they are barred in sports, to increase cardiac performance and muscle mass rapidly.
This study aimed to test the protective role of coenzyme Q10 against AAS induced
cardiotoxicity in adult albino rat models. Twenty-four Wistar albino rats were divided
into equal four groups administered ND (nandrolone decanoate) weekly at (20 mg/kg)
subcutaneously with and without coenzyme Q10 (10 mg/kg) orally every day for 4
weeks. The results revealed that ND induced a significant increase in the
mitochondrial enzyme SDH (succinate dehydrogenase) and mitochondrial calcium
level, alteration in the serum level of CK-MB (Creatine PhosphoKinase-MB), and
enhancement of apoptosis and fibrosis in the cardiac tissue. Histopathological study of
the heart was done. Treatment with Q10 could alleviate the toxic effects induced by
ND.
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INTRODUCTION

Anabolic  androgenic  steroids
(AAS) were synthesized to simulate
testosterone hormone structurally and
functionally (Salas-Ramirez et al.,
2008). AAS are used in the treatment of
different diseases for example renal
insufficiency, growth disorders,
osteoporosis, some blood disorders, and
reproductive  system  dysfunction
(Kochakian, 2012). Nandrolone
decanoate (17p-hydroxy-19-nor-4-
androsten-3-one) is a common
commercial anabolic steroid. It has a
similar effect to testosterone but
without virilization (Llewellyn, 2011).
Nowadays, it is commonly used by
athletes, bodybuilders, and weightlifters
to increase their physical performance
and muscle mass (Rocha et al., 2007).
Nevertheless, those persons take these

compounds in excessive doses that
resulting in many organ dysfunctions
(Sretenovic et al., 2016).

Regardless of some therapeutic use
of AASs, misuse of anabolic steroids
has become a widespread health
problem. Several studies have reported
that high doses of AAS induce many
pathological lesions in the heart. The
most common hazards are
hypertension, altered lipid profiles
(Nikolic et al.,, 2015), arrhythmias
(Vasilaki et al., 2016) and acute
myocardial infarcts (Wysoczanski et
al., 2008). They may alter the
myocardial ventricular function through
the androgen receptor pathway
(Figueredo, 2011; Luijkx et al., 2013).
Also, ventricular hypertrophy (Mark et
al., 2005), fibrosis, cardiomyopathy
(Ahlgrim and Guglin, 2009), and even
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sudden death (Montisci et al., 2012)
have been recorded.

Several previous studies showed
that high doses of AAS induce
oxidative  stress and alter the
antioxidant enzymes (Chaves et al.,
2006). Reactive oxygen species (ROS)
are byproducts of aerobic cellular
metabolism. Oxidative stress is induced
by the discrepancy between the
intracellular antioxidant levels and
generation of ROS which leads to
ischemia reperfusion (I/R) injury,
apoptosis  and  neurodegenerative
diseases (Cadenas and Davies, 2000).
Cardiomyocytes are the major patrons
of molecular oxygen and are simply
liable to oxidative tissue injury induced
by ROS. Mitochondria are the most
important source for production of ROS
in cardiac cells and the use of some
xenobiotics can add more oxidative
damage leading to cardiotoxicity
(Suchalatha et al., 2007).

Antioxidant agents have been
extensively used for the treatment of
damages induced by oxidative stress
(El-Sayed et al., 2016). Coenzyme Q10
(Q10) is a fat-soluble substance, which
resembles a vitamin, present mainly in
the mitochondria in all cells of the
human body. It is an important element
of the electron-transport  chain
(Duberley et al., 2014). Deficiency of
Q10 leads to multiple diseases such as
diabetes, Parkinson’s disease, breast
cancer, coronary artery disease, and
hypertension (Niklowitz et al., 2007).
Q10 is a potent antioxidant used
therapeutically in the treatment of such
diseases (Yeung et al., 2015) and,
moreover, it is commonly used as a
nutritional supplement.

In 1976, steroids had become one
of the doping agents which are barred
by the International Olympic
Committee (Hausmann, 2005). As

steroids must be taken under
supervision of a medical doctor, a black
market has become popular due to the
widespread of body building. There are
several fatal cases and deaths related to
chronic AASs abuse, have been
reported, depending on the dose,
duration and patterns of use (Frati et
al., 2015). Hence, this study tried to
assess histopathological and
toxicological findings induced by AASs
in adult albino rat models after 4 weeks
and evaluate the cardio-protective role
of coenzyme Q10 against this toxicity.

MATERIALS & METHODS

Chemicals

Nandrolone decanoate (ND) -
commercially, known as Nandurabolin
— was obtained from Chemical
industrial Development Co. for the Nile
Company for Pharmaceuticals and
chemical Industries, Egypt. Every vial
contains 50 mg/mL of the active
ingredient in oily solution. Coenzyme
Q10, Ubiquinone was obtained from
Sigma Aldrich (Saint Louis, MO, USA)
(CAS number: 303-98-0).

Animals

Twenty-four Wistar albino rats,
weighing 200-220 gm, were obtained
from the National Research Center,
Cairo, Egypt. Rats were housed, had
free access to standard rat chow (El-
Nile Company, Egypt) and tap water
and allowed for appropriate adaptation
to the animal house conditions (45 *
5% humidity and 12 hours lighting
cycle at 25 = 2 °C). One week after
acclimatization, the rats were aimlessly
divided into identical 4 groups: Group |
(control group): was given the standard
diet and water (10 mL/kg by oral
gavage). Group Il (Q10 group): was
given the standard diet with Q10 (10
mg/kg/day in 10 mL water by oral
gavage) according to Chen et al,

Egypt J. Forensic Sci. Appli. Toxicol

Vol 18 (1), march 2018


https://en.wikipedia.org/wiki/Vitamin
https://en.wikipedia.org/wiki/Mitochondria
https://www.sigmaaldrich.com/catalog/search?term=303-98-0&interface=CAS%20No.&lang=en&region=US&focus=product

Ali et al.

21

(2017). This dosage is comparable to
the recommended therapeutic dose in
adults (Hechtman, 2014). Groups Il
(ND group) was given the standard diet
with- ND at 20 mg/kg/week
subcutaneous (1/30 of the LD50)
according to Nikolic et al., (2015).
Group IV (treated group): was given
the standard diet with ND and Q10 at
the same previous doses. The
treatments were given for 4 weeks. The
protocol of the experiment was
accepted by the Ethicss Committee of
Cairo University.

At the end of the experiment, all
animals were anesthetized with ether
and sacrificed. Blood samples were
suitably collected from each rat and
centrifuged (centrifuge Jantezki, T30,
Germany), at 5000 rpm for 10 minutes
for serum collection. Then sera were
separated and kept at -80°c until
estimation of TGF P1 and Creatine
PhosphoKinase-MB (CPK-MB). The
hearts were surgically removed for
examination. The left ventricular
cardiac tissues were kept in 10%
formalin designed for histopathological
examination. 1 cm?® cardiac tissue
blocks were dissected, wrapped in
aluminum foil and immediately stored
at - 80°C until needed for analysis.

Isolation Of Heart Mitochondria
Mitochondria of the cardiac tissue were
seperated according to Takasawa et
al., (1993). After homogenization of the
heart tissue, centrifugation was done at
700xg for 20 min, and the supernatant
centrifuged again at 9000xg for 15min.
Then, washing of the pellet with 10mM
Tris—=HCI (pH 7.8) containing 0.25M
sucrose and finally re-suspended in the
same buffer. The isolated mitochondria
were frozen for measurement of the
activity of the mitochondrial enzyme
succinate dehydrogenase (SDH) and for
measurement of the mitochondrial Ca®*

concentration.

Measurement Of Ca?* And SDH
In Heart Mitochondria And CK-MB
In Serum

Enzymatic methods by
spectrophotometer techniques (Model
JENWAY 6105 UV / VIS) were used
for measurement of Ca?*, succinate
dehydrogenase (SDH) and Creatine
PhosphoKinase-MB (CPK-MB) levels
by kit supplied by France ELITECH
GROUP.

Detection Of Bax, Bcl2, Pakt &
Pi3k Protein By Western Blot
Technigue

Western blot technique of cardiac
tissue (usingV3 Western Workflow™
Complete System, Bio-Rad® Hercules,
CA, USA) was performed according to
Wassef et al., 2017. The protein was
supplied by (Pierce, Rockford, IL,
USA). Specific primary antibodies for
bax, bcl2, pakt, pl3k and beta actin
obtained  from  (Thermoscientific,
Rockford, Ilinois, USA).
ChemiDocTM imaging system was
used to analyze band intensity with
Image LabTM software version 5.1
(Bio-Rad Laboratories Inc., Hercules,
CA, USA). The results were shown as
arbitrary units following normalization
for expression of f-actin protein.

Quantitative Analysis Of Gene
Expression Of MMP2 & MMP9 By
Real Time Qrt-PCR

Isolation of total RNA from cardiac
tissue homogenates was done by SV
Total RNA Isolation System (Promega,
Madison, WI, USA) according to
manufacturer’s guideline. The
concentrations and purity of RNA were
detected by an UV-spectrophotometer.

Complementary  DNA _(Cdna)
Synthesis 1 pg RNA was used for
production of the cDNA by SuperScript
Il First-Strand Synthesis System along
with the manufacturer’s protocol
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(#K1621, Fermentas, Waltham, MA,
USA).

Real-Time Quantitative PCR

Analysis and amplification of real-
time PCR were done as formerly
described by Wassef et al., 2017 by an
Applied Biosystem with software
version 3.1 (StepOne™, USA). The
specific primer pairs for each gene were
revealed in table (1) and they were
analyzed by Gene Runner Software
(Hasting Software, Inc., Hasting, NY).
The reaction had SYBR Green Master
Mix (Applied Biosystems). The v1-7

sequence detection software from PE
Biosystems (Foster City, CA) was used
for calculation of the data from real-
time assays. Comparative Ct method
was used to calculate relative
expression of the examined gene
mMRNA. Whole values were normalized
to the reference gene [ actin.

Detection Of TGF Blby ELISA

enzyme linked immunosorbent
assay Kkits, obtained from R&D system
USA, was used to determine TGF B in
serum according to manufacturers’
guidelines.

Table (1): The primer sequence of the studied gene

Primer sequence

SDH Forward primer :5’- TGGCTTTCACTTCTCTGTTGG -3
Reverse primer 5'- ATCTCCAGTTGTCCTCTTCCA -3

MMP-2 Forward :5-GTGCTGAAGGACACCCTCAAGAAGA -3
Reverse: 5- TTGCCGTCCTTCTCAAAGTTGTACG -3

MMP-9 Forward primer : 5°- ACGGCAAGGATGGTCTACTG -3
Reverse primer 5'- AGTTGCCCCCAGTTACAGTG -3

Beta actin Forward primer : - GGTCGGTGTGAACGGATTTGG -3

Reverse primer:5'- ATGTAGGCCATGAGGTCCACC-3

Histopathological Examination
Heart tissue specimens were
collected from all experimental groups,
48 hrs fixation in 10% buffered
formalin, and kept in paraffin then were
cut at 4um and stained by routine stain
hematoxylin and eosin and Masson's
trichrome for detection of connective
tissue. Images of tissue sections were
captured with a digital camera attached
to the Olympus BX51 microscope.
Immunohistochemical Stain
TUNEL assay (Apotag plus
Peroxidase in Situ Apoptosis Detection
Kit, Chemicon, Tamecula, CA, USA)
was done as previously described by
Fineschi et al., (2011). Mayer’s
hematoxylin was used to stain the
sections, then dried, cover slipped and
examined under Olympus microscope.
The intensity of immunopositively
expression was  evaluated  semi

quantitatively according to the scale 0-4
as follows: 0 = no immunoreactivity in
scattered cells, 1 = mild
immunopositivity in scattered cells, 2 =
up to 1/3 of cells showed
Immunopositivity, 3 = up to % of cells
showed immunopositivity and 4 =
majority of cells showed strong
Immunopositivity.

Statistical Methods

The statistical package SPSS
version 24 was used for coding and
entering data. Data was expressed as
mean + standard deviation for
guantitative variables. Analysis of
variance (ANOVA) was done for
comparisons between groups, with
multiple comparisons post hoc test
(Chan, 2003) to detect which groups’
means differed. P-values < 0.05 were
considered as statistically significant.
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RESULTS

Measurement of Ca2+ in heart
mitochondria, SDH & CK —-MB in
serum

Table 2 showed a significant raise
in the calcium level in the heart
mitochondria of ND group in
comparison to the control group.
Meanwhile, the treated group with Q10
revealed a significant reduction in the
elevated calcium level as compared to

the ND group. A significant reduction
in the mitochondrial enzyme SDH in
ND group when compared to the
control rats, while, the treated group
recorded a significant raise in
comparison to ND group. Serum
cardiac marker CK-MB significantly
increased in ND group in comparison to
the control group; conversely, treatment
with Q10 recorded a significant
reduction as compared to ND group.

Table (2): One-way ANOVA statistical analysis of the effect of Nandrolone decanoate

(ND), coenzyme Q10 and their combination on the Ca2+

ion level and

mitochondrial enzyme SDH in the heart mitochondria, and serum cardiac marker

CK-MB in the examined rats (n=6).

Caz2+ SDH CK-MB
Group | 3.50+0.85 1.04+0.05 121.07£ 7.15
Group Il | 4.70+0.75 1.05+0.08 124.37+8.88
Group Il | 6.46+1.14 *# 0.39+0.16 *# | 335.6+£12.35*#
Group IV |4.11+047 $ 0.81+0.12 #$ | 134.88+5.61%
P value <0.001 <0.001 <0.001

Calcium (Ca2+): mol/mg mitochondrial protein.
Succinate dehydrogenase (SDH): nmol of succinate oxidized/min/mg protein.
Creatine Phosphokinase-MB (CK-MB): IU/L, Values are expressed as mean £SD,
*: statistically significant in comparison to the control group (P<0.05).
#: statistically significant in comparison to the group Q10 (P<0.05).
$: statistically significant in comparison to the group ND (P<0.05).

Detection Of Bax, Bcl-2, P-Akt &
P-PI3K Protein By Western Blot
Technique

Figure 1 showed analysis of Bax,
Bcl-2, p-Akt and p-PI3K protein
expressions by Western blot. The
survival proteins Bcl-2, p-Akt, p-PI3K
were found to be reduced, meanwhile,
apoptosis protein Bax level increased
significantly in the ND group in
comparison to the control rats.
Meanwhile, the treated group revealed
a significant augmentation in the levels
of survival proteins and a significant
decrease in the apoptosis protein as
compared to the ND group. (Table 3)

Quantitative Analysis Of Gene
Expression Of MMP-2 & MMP-9 By
Real Time Qrt-PCR

The gene expressions of MMP-2
and MMP-9 fibrosis proteins in the
heart tissue were quantified by real-
time gRT-PCR. The result showed that
exposure to ND affected the gene
expression of MMP-2 and MMP-9
fibrosis proteins. The gene expression
levels were increased significantly in
ND group compared with those in
control rats. While, the gene expression
levels were decreased significantly in
the treated group as compared with
those in ND group. (Table 4)
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Table (3): One-way ANOVA statistical analysis of the effect of Nandrolone decanoate
(ND), coenzyme Q10 and their combination on cell survival proteins Bcl-2, p-Akt
& p-PI3K and apoptosis protein Bax in the heart tissue by Western Blot in the

examined rats (n=6).

Bcl-2 p-Akt p-PI3K Bax
Group | 1.00 £0.00 1.04+0.03 1.06+0.03 1.00+0.00
Group Il 1.02+ 0.02 1.02+0.03 1.03+0.03 1.01+0.02
Group 111 | 0.24+0.12*# | 0.43+£0.12*# | 0.45+0.06*# | 12.75+1.81*#
Group IV | 0.77£0.11*#$ | 0.93+0.07% 0.99+0.04% 2.58+0.92%
P value <0.001 <0.001 <0.001 <0.001

Values are expressed as mean +SD, *: statistically significant in comparison to the
control group (P<0.05). #: statistically significant in comparison to the group Q10
(P<0.05). $: statistically significant in comparison to the group ND (P<0.05).

bax

Bcl2

pI3K

Beta actin

Control Q10 ND Q10+ND

Figure (1): Effect of ND, Q10 and their combination on Levels of survival
(antiapoptotic) protein Bcl2, pakt, pl3K and apoptosis protein Bax were
determined by western blot. {Lanel: Group | (control group), Lane 2: Group Il
(Q10 group), Lane 3: Group 111 (ND group), Lane 4: Group 1V (Q10+ND group)}.
Quantitative statistics were done using one way ANOVA.
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Table (4): One-way ANOVA statistical analysis of the effect of Nandrolone decanoate
(ND), coenzyme Q10 and their combination on the gene expression of MMP-2 and
MMP-9 fibrosis protein in the heart tissue by PCR and serum TGF B1 pro-fibrosis
protein marker by ELISA in the examined rats (n=6).

MMP-2 MMP-9 TGF B1
Group | 1.00+0.01 1.04+0.06 39.30+3.96
Group Il 1.05+0.08 1.02+0.03 33.13+3.27
Group 11 | 12.28+1.91*# | 15.75+2.01*# | 110.63+8.95*#
Group IV | 5.21+1.07*#$ | 4.24+0.98*#3$ | 70.62+6.58*#$
P value <0.001 <0.001 <0.001

Values are expressed as mean +SD
*: statistically significant in comparison to the control group (P<0.05).
#: statistically significant in comparison to the group Q10 (P<0.05).
$: statistically significant in comparison to the group ND (P<0.05).

Detection Of TGF B1 By ELISA

In the present study, analysis of TGF
B1 pro-fibrosis protein marker in serum
by ELISA revealed a significant raise in
the ND group in comparison to the
control. While, a significant decrease in
the level of TGF B1 was recorded in the
treated group in comparison to the ND
group. (Table 4)

Histopathological Examination

In the present study, histological
examination of the heart tissue sections
of group | (control group) and group I
(Q10 group) showed normal
histological structure. Cross section of
cardiac muscle section showed bundles
of acidophilic muscle fibers with
central located nuclei. The Masson's
trichrome tissue section showed no
fibrous connective tissue proliferation
in-between  muscle  bundles and
perivascular fig. 2 (Group | & Il b).
TUNEL assay showed no
immunoreactivity grade 0 fig. 2 (Group
| &Il c).

Heart tissue section of group Il (ND
group) showed many necrotic muscle
fibers that were seen in fig. 2 (Group |11
a).Fibrous connective tissue
proliferation was detected by Masson's

trichrome stain inbetween muscle
bundles and perivascular  which
appeared as interstitial inter-

myocellular fibrosis in fig. 2 (Group I
b). TUNEL assay showed
immunopositivity in up to half cells
grade 3 (fig.2 (Group I11 c)). Myocytes
nuclei showed an intense, wide,
positive reaction.

Group IV (treated group) showed mild
intra-myocardial oedema with no
necrosis of myocytes fig.2 (Group 1V
a). The fibrous connective tissue
appeared very delicate with Masson's
trichrome in comparison with group 111
fig. 2 (Group IV b). TUNEL assay
showed mild immunopositivity in
scattered cells grade 1 fig.2 (Group IV

C).
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Group

Group

Group

Group
AY

Figure (2): Photomicrograph of cardiac muscle section: Group | & Il (a) showing
normal histological structure (H&E) (b) showing no fibrous tissue proliferation
(Masson's trichrome) (c) TUNEL assay showing no immunoreactivity grade O.
Group 11 (a) showing many necrotic muscle fibers (H&E) (b) showing interstitial
inter-myocellular fibrosis (Masson's trichrome) arrow (c) TUNEL assay showing
immunopositivity in up to half cells grade 3 arrow. Group IV (a) showing mild
intra-myocardial oedema (H&E) (b) showing very delicate inter-myocellular
fibrosis (Masson's trichrome) arrow (¢) TUNEL assay showing mild
Immunopositivity in scattered cells grade 1 arrow. (a & b X100) (c X400)
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DISCUSSION

Increasing different types of steroid
products, administered in different
forms with different combinations,
leads to difficult interpretation of
pathological findings and obscured
evidence of relation between the use of
doping and death to the forensic
experts. Moreover, there are no
pathological findings in  humans
specific for AASs (Hausmann, 2005).
Consequently, the present study aimed
to evaluate the role of Q10 in
prevention of cardiotoxicity induced by
nandrolone decanoate.

In this study, ND induced a
significant reduction in the
mitochondrial enzyme activity SDH in
the cardiac tissue and a significant raise
in the diagnostic marker of cardiac
damage CK-MB in serum in
comparison to the control rats. Creatine
kinase-MB (CK-MB) is a greater and
particular marker, considered as an
indicator of myocardial necrosis (Ulla
et al., 2017). Alterations in the levels of
cardiac enzymes and cardiac markers
have been reported in myocardial
infarction (Miltonprabu and
Thangapandiyan, 2015).

As the calcium (Ca2+) is
considered a minor messenger to
maintain the mitochondrial functions,
Ca2+ has a vital duty in the regulation
of many cellular processes and
signaling mechanisms resulted from
outer or inner stimuli of mitochondria
(Berridge et al., 2000). In this study,
the result showed a significant raise in
the Ca2+ level of cardiac mitochondria
in ND group as compared to the
control. This may result in a disorder of
the proton gradient across the
mitochondrial membrane, and thus
reducing synthesis of the ATP in
cardiomyocytes (Narayanan et al.,
1991). It has been revealed that the

increased concentrations of intracellular
calcium resulted in impairment of the
mitochondrial membranes permeability
that led to the release of pro-apoptotic
factors, hence induction of apoptosis
(Fanton et al., 2009).

According to western blot analysis,
our result revealed that ND induced
significant  reduction in  survival
(antiapoptotic) proteins for example p-
PI3K, p-Akt, and Bcl-2 and significant
increase of pro-apoptosis protein Bax.
Chaves et al., 2006 have reported that
the abuse of anabolic androgenic
steroids (AAS) induced impairment in
the antioxidant enzymes. Upregulation
in accumulation of free radical in the
cardiac  mitochondria  leads to
disturbance in  the energy of
cardiomyocytes and decrease survival
proteins and upregulates pro-apoptosis
proteins resulting in a series of events
including  mitochondrial membrane
instability, stimulation of caspase-3 and
caspase-9 and liberate of cytochrome c
leading to cardiomyocyte apoptosis
(Chahine et al.,, 2014; Liao et al.,
2015).

The balance between the members
of pro-apoptotic and anti-apoptotic
family proteins predicts either the cell
will stay alive or undergo apoptosis.
Apoptosis is considered an important
factor in the pathogenesis of different
heart diseases (Miltonprabu and
Thangapandiyan, 2015).

In the present study, real-time gRT-
PCR analysis showed a significant
increase in the levels of fibrosis protein
MMP-2 and MMP-9 gene expression in
the heart tissue, and also ELISA assay
in our study showed a significant
increase in the profibrosis protein TGF
bl  serum level. Damaged
cardiomyocytes produce elevated levels
of TGF bl which attached to the cell
surface TGF b receptor and finally
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modifies MMP-2 and MMP-9 gene
expression which leads to cardiac
fibrosis (Chang et al., 2014; Lai et al.,
2015). MMP-2 is considered a lineal
arbitrator of systolic dysfunction and
ventricular remodeling (Bergman et
al., 2007). Moreover, Linthout et al.,
(2008) have demonstrated that the
cardiac  fibrosis is related to
dysregulation in extracellular matrix
degradation. The extent and direction of
cardiovascular remodeling are
evaluated by the role of MMPs in the
extracellular matrix (Janssens and
Lijnen, 2006). Previous researches
have revealed that disturbance in the
extracellular matrix (ECM) degradation
by MMPs, especially the MMP-2,
resulted in cardiac  dysfunctions
(Ahmed et al., 2006; Marqueti et al.,
2012).

These results were reinforced by
histological examination. The result
revealed left ventricular hypertrophy as
well as increased heart connective
tissue content in the animals exposed to
ND. Similarly, previous studies have
shown that nandrolone abuse induced
increase of left ventricular thickness
(Frati et al., 2015; Montisci et al.,
2012), and connective tissue content
(Franquni et al.,, 2013). Cardiac
hypertrophy is considered an indicator
of progressive heart disease that results
in heart failure which is accompanied
by a disturbance in intracellular
calcium level. Hence, heart failure is
associated with cardiac hypertrophy
(Hannan et al., 2003).

Q10 is an effective antioxidant and
play an important role in adenosine
triphosphate production in
mitochondria (Tsuneki et al., 2007). It
has been reported that Q10 can save
endothelial cells from oxidative strain
(Tsuneki et al., 2013). Cardiac
dysfunctions for example

cardiomyopathy, changes in structure
and number of the mitochondria can
affect the levels of Q10 (Bentinger et
al., 2010).

In this study, evident protection of
cardiac tissue by Q10 have been
revealed against heart injury caused by
ND to a significant increase in the heart
mitochondrial enzyme SDH and a
significant reduction in serum cardiac
marker CK-MB in Q10 treated group as
compared to ND toxic group. Ulla et
al., (2017) support our finding; they
also revealed that Q10 can decrease
CK-MB activity. Consequently,
treatment with Q10 showed a
significant decrease in the cardiac
mitochondrial Ca2+ level. The
antioxidant  membrane  stabilizing
actions of Q10 inhibits the seepage of
cardiac markers from the cardiac
tissues to blood, maintains myocardial
calcium ion channels and inhibits
mitochondrial deformity that may offer
a way of mitochondrial preservation
and decrease the cardiac tissue damage
(Yeung et al., 2010).

Pretreatment with Q10 against ND
can successfully activate p-PI3K, p-
Akt, and Bcl-2 survival proteins and
prevent apoptosis protein Bax to
overturn ND induced cardiac damages.
Our result is in agreement with
previous studies that proved treatment
with Q10 can enhance survival protein
expression to maintain cell life by
performing as useful antioxidant and
also downregulate proapoptotic
proteins, hence, inhibit apoptosis (Chen
et al., 2011; Zhang et al., 2015).
Coenzyme Q10 is most likely an
essential antioxidant in cardiomyocytes
and afford an effective protection in
opposition to ND-produced oxidative
injury and cardiomyopathy to verify its
antiapoptotic action (Conklin, 2005).

Moreover, Q10  significantly

Egypt J. Forensic Sci. Appli. Toxicol

Vol 18 (1), march 2018


https://www.google.com.eg/search?hl=ar&tbo=p&tbm=bks&q=inauthor:%22K.+Simon+Yeung%22

Ali et al.

29

decreased MMP-2 and MMP-9 gene
expression levels and profibrosis
protein TGFb1l when compared toND
intoxicated rats. Hence, Q10 prevents
ND induced fibrosis in the cardiac
tissue. This result is in accordance with
Ulla et al., 2017 who proved the
antifibrotic action of Q10 in heart and
kidney.

The histopathological findings also
supported our results that Q10 could
protect the heart against ND-induced
cardiac hypertrophy and apoptosis.
Histological findings of the treated
group showed no necrosis, fibrosis, and
apoptosis. Thus, Q10 protected the
cardiac tissue against ND induced
cardiac damage.

CONCLUSION

The present study showed that the
coenzyme Q10  treatment  had
significant ~ cardioprotective  effect
against nandrolon decanoate
administered rats. The antioxidant
action of coenzyme Q10 could prevent
fibrosis, apoptosis and maintain healthy
cardiac tissue of ND treated rats for 4
weeks.
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