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ABSTRACT

Background: One of the widely abused anabolic-androgenic steroids worldwide is nandrolone
decanoate (ND). Objectives: This work aimed to study whether alpha lipoic acid (ALA) treatment could
modulate ND-induced renal dysfunction. Materials & methods: forty adult albino rats were divided into
four groups. 1st group served as negative control; 2nd group received ALA (100 mg/kg orally by gastric
gavage daily); 3rd group received ND in 28 mg/kg BW intra-peritoneal injection once weekly; 4th group
received the dose of ND along with ALA (in the previous doses); all for eight weeks. Results:
administration of nandrolone decanoate induced significant increase in serum urea and creatinine.
Significant increase in lipid peroxidation malondialdehyde (MDA) and pro-inflammatory cytokines (TNF-
a) together with significant reduction of the antioxidant Glutathione peroxidase (GPx) activities and the
anti-inflammatory interleukin (IL-4) in kidney tissues were also recorded. Histopathological evidence of
renal tissue injury was detected. Co-administration of ALA along with ND ameliorated the effects
mentioned above. Conclusion: According to this study, the administration of ALA can provide a protective
role, through its anti-inflammatory and antioxidant effects, against ND-induced renal toxicity.
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INTRODUCTION cardiovascular diseases as cardiomyopathy,

arrhythmias, atherosclerosis and hypertension.

Anabolic androgenic steroids (AAS) have
been  considered  testosterone  synthetic
cholesterol derivatives, which are therapeutically
consumed with many catabolic chronic cases and
in other states as hypogonadism, breast cancer
and anaemia (Achar et al., 2010).

AAS are widely abused for their cosmetic
and beautifying intents among bodybuilders and
athletes. AAS are thought to promote athletic
performance (Breuner, 2014).

Nandrolone decanoate (ND) is an AAS that
provokes its anabolic effect via protein synthesis,
muscle growth and  enhancement  of
erythropoiesis (Mottram and George, 2000).

On the other hand, the abuse of ND produced
critical irreversible organ injury, diminished
fertility and hypogonadism due to the subsidence
of the hypothalamic-pituitary-testicular
endocrinal  pathway. ND also induced

Hepatic cancers, behavioural and psychiatric
disturbances were also reported (Maravelias et
al., 2005).

AAS led to renal functional changes like
rising serum creatinine, blood urea nitrogen and
uric acid. Acute renal failure was detected by
antecedent studies (Juhn, 2003).

A case of acute renal failure and hemolytic
anaemia with 2ry malignant hypertension was
reported in a patient with AAS use and associated
with vigorous anaerobic exercise (Merino
Garcia et al., 2018).

These adverse effects were suspected to be
through varied mechanisms such as boosting the
renin-angiotensin-aldosterone pathway,
promoting the release of endothelin and ROS
with over-production of pro-apoptotic substances
such as TGF-B1 and pro-fibrotic substances and
inflammatory cytokines such as TNF-a, IL-1b
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and IL-6. Therefore, TNF-a may be implicated
in ND-induced renal injury (Patil et al., 2016).

Lipoic acid (LA), an inbred antioxidant
formed in the mitochondria of the liver and
various tissues, produces a beneficial impact on
parameters of oxidative stress (Dudek et al.,
2013).

Furthermore, it was found that the
administration of alpha lipoic acid (ALA) caused
regression of histopathological lesions in
extracted rat kidneys (Ayhan et al., 2014).

MATERIALS AND METHODS

A-Chemicals:
1- Nandrolone decanoate (ND):

ND has a trade name (Nandurabolin). It was
obtained from EI- Nile pharmaceutical company
in Egypt in the form of an ampoule 25 mg.

2- Alpha- Lipoic acid; (ALA) (Thioctic
acid): It was obtained as Thiotacid® tablets from
EVA pharma for pharmaceuticals and Medical
Appliances, Egypt. The tablet consists of 300 mg
of ALA.

B- Animals and Experimental Design:

Forty adult male albino rats (180-200 g)
were obtained from Zagazig University, Faculty
of Medicine, the animal house. Before the
inception of the experiment, all rats were kept for
14 days to fit them into the new ambience, to
preclude diseased animals and to assure physical
well-being. Food was given equally to all rats,
and water was presented in separate clean
utensils.

Our study proceeded under the basic
information given by the Institutional Research
Board for the use and care of experimental
animals with ethical approval number; ZU-
IACUC/3/F/122/2022.

Indiscriminate and equal grouping of the rats
was done into four groups (10 rats/ group).
Groups were put in separate cages:

— Group | (-ve control group): healthy rats
were used to put the standard parameters under
no specific treatment. The rats received distilled
water and were fed with normal rodent pellets.

- Group Il (ALA group): each rat was
given ALA 100 mg/kg dissolved in sterile
distilled water orally via gastric gavage daily for
eight weeks (Balkis Budin et al., 2009).

- Group Il (ND group): each rat received
28 mg/kg ND (1/20 of LD50) through
intraperitoneal injection once weekly for eight
weeks. LD50 of ND is more prominent than 566
mg/kg body weight (Drugs in Japan, 1982).

—Group IV (ND + ALA): each rat received
28 mg/kg body weight ND through
intraperitoneal injection once weekly for eight
weeks and received ALA (100 mg/kg) dissolved
in sterile distilled water orally by gastric gavage
daily for eight weeks.

Twenty-four hours after the experimental
period was completed, we took the samples of
blood from the retro-orbital plexus of all rats after
being anaesthetized to estimate serum creatinine
and urea levels. After that, rats were sacrificed
and the kidneys’ specimens were taken.

After being washed with ice cold normal
saline, the kidneys were divided into two parts,
one was homogenized in 5-10 mL cold buffer
(phosphate buffer (pH, 7.4) per gram tissue, using
a tissue homogenizer. The supernatant was
collected at 4°C after centrifugation for 15 min at
4,000 rpm. It was used for estimation of
malondialdenyde (MDA) level, glutathione
peroxidase (GPX) activity, TNF o and IL-4
levels. The other part underwent fixation in 10%
formalin for further histopathological studies.

C- Methods
1- Histopathological Examination:

Specimens were prepared as 5-um paraffin
sections after fixation of kidney tissues in 10%
formalin saline solution and then stained with
hematoxylin and eosin (H & E) as stated by
Bancroft and Layton (2008).

2- Biochemical Analysis:
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1. Serum urea & creatinine:

Serum urea (mg/dl) was assayed following
Orsonneau et al. (1992), while serum creatinine
(mg/dl)  was  assayed according  to
colourimetric method proposed by the method
of (Fossati et al., 1983).

2. Kidney Tissue Oxidative  Stress
Parameters:

- MDA level (nmol/ g tissue): we used the
supernatants to detect the MDA level (Jain et al.,
1989). MDA was assayed by the colourimetric
procedure of Ohkawa et al. (1979).

- GPx activity: we used the supernatants to
detect the Gpx activity according to the pamphlet
of Bio-diagnostic kits employing colourimetric
method of Paglia and Valentine (1967).

3. TNF-a and IL-4:

ELISA was used to reveal the tissue levels
of TNF-a wusing the kit of rat TNF-a
immunoassay (BioSource International, Inc.
Camarillo, California, USA) following the
manufacturer’s references. A micro-titer plate
reader, able to detect at 450 nm (Sunrise,
Austria), was employed (New et al., 1998).

IL-4 levels in the tissues were detected by
solid phase ELISA using the rat IL-4 kit (Ray
Biotech, Norcross, USA) and a micro-titer plate
reader at 450 nm. (Nolan et al., 2005)

- Statistical Analysis

Regarding statistical analysis, we used SPSS
13.0 for the windows program. Data were
represented as means + SD. Analysis of variance
(ANOVA) was used to compare the statistical
significances by measuring the biochemical
results means differences, and Tukey’s test was
used to calculate the groups’ differences. At
p<0.05, significant differences were valued.

RESULTS

- Histopathological Findings:

The normal histological pattern was
observed in sections taken from both the control
and ALA group using the light microscopic
examination. A well-defined renal corpuscles and
Bowman’s spaces were detected. The renal
tubules were lined by normal epithelium (Fig. 1).
On the other hand, pathological lesions in renal
tissues were seen in sections from ND treated
group in the form of marked congestions in
capillaries and perivascular cellular infiltrations.
Atrophy of the glomerulus, focal cytoplasmic
congestion and degenerative changes in the
proximal and distal convoluted tubules were
detected (Fig. 2). Upon treatment with ALA, the
histopathological changes regained their regular
pattern with no apparent inflammation or
congestion (Fig. 3).

- Biochemical Results
I- Kidney Function Tests:
- levels of urea and creatinine (Table 1)

Mean values of serum urea and creatinine in
the negative control group and ALA-treated
group were not significantly different.

On the other hand, the levels elevated
significantly upon treatment with ND (group 11)
(p<0.001) relative to the -ve and ALA groups. In
contrast, the levels improved significantly
(p<0.05) upon treatment with ALA added to ND
treatment (group V).

II- Kidney Tissue Oxidative Stress
Parameters (Table 2):

ND treatment made MDA to be elevated
significantly simultaneously with a significant
depression of the antioxidant (GPx activity) in
kidney tissue. On the other hand, ALA
significantly depressed the kidney tissue MDA
(lipid peroxidation product) and recovered the
drooping in the GPx activity (antioxidant
defence).

I11- Kidney TNF-q and IL-4 (Table 3):
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ND administration significantly increased reduction in TNF-o and a significant increment in
TNF-a content in kidney tissue and suppressed kidney IL-4 contents.
the anti-inflammatory IL- 4. Upon the co-
administration of ALA, there was a significant

Figure (1): A photomicrograph of sections of rat kidney from control group showing normal architecture
with normal renal corpuscle and glomeruli (G) with a well-defined and bowmans space. The renal
tubules are lined by regular epithelium (T) (H & E X 200).

Figure (2) (a & b): A photomicrograph of sections of rat kidney from ND treated group showing
distortion and dilatation of tubules (T) with darkly stained and many exfoliated nuclei (arrow) ,
marked vacuolations (V), atrophic glomerulus was seen ( G) with excessive widening of the
bowman’s space (*). Many inflammatory cells (arrow head) and congestion (C) were observed (H
& E X 400).
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*

a b

Figure (3) (a & b): A photomicrograph of sections of rat kidney from DN & ALA treated group showing
nearly normal distal (D) and proximal (p) convoluted tubules with less congestion in the blood
vessels (b). glomeruli (G) were nearly within normal histoarchitecture with normal (arrow) or less
dilated bowman’s space (*) (H& E X 400).

Table (1): Comparison in terms of mean + SD regarding urea & creatinine in group-I (negative control),
group-11 (ALA-treated), group-111 (ND-treated), and group V (combined ALA & ND) after 8 weeks of
the study, n=10

Parameter Studied Groups (X+ SD)

Group | Group I Group 111 Group IV F P
Urea 5.2+1.13 5.6+1.32 8.1+2.4 b 59+15¢ 6.12 0.002*
(mg/dI)
Creatinine 0.58+0.14 0.56%0.15 0.87+0.21 2P 0.63+0.17°¢ 7.11 <0.001**
(mg/dl)

SD: standard deviation, F: ANOVA test, *: Significant (P<0.05) **: Highly significant (P<0.001), Post hoc: Tukey’s
test, a: Significant as compared to Group I, b: Significant as compared to Group Il, c: Significant versus Group IlI.

Table (2): Comparison in terms of mean + SD regarding malondialdehyde (MDA) & Glutathione
peroxidase (GPx) in group-I (negative control), group-Il1 (ALA-treated), group-111 (ND-treated), and
group V (combined ALA & ND) after 8 weeks of the study, n= 10

Parameter  Studied Groups (X+ SD) F P

Group | Group Il Group Il Group IV
MDA 42.17+7.14 45.46+6.84 124.18+15.27 51.63+7.61¢  157.08 <0.001**
(nmol/g) a0
GPx 160.37434.10  164.17+40.55 18.46+3.66*°  148.34+35.67¢ 47.64 <0.001**
(ng/  mgm
tissue)

SD: standard deviation, F: ANOVA test, *: Significant (P<0.05) **: Highly significant (P<0.001), Post hoc: Tukey’s
test, a: Significant as compared to Group I, b: Significant as compared to Group I, c: Significant versus Group Il1.
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Table (3): Comparison in terms of mean + SD regarding interleukin-4 (IL4) & tumor necrosis factor-alpha
(TNF-a) in group-I (negative control), group-11 (ALA-treated), group-I1l1 (ND-treated), and group V
(combined ALA & ND) after 8 weeks of the study, n= 10

Parameter Studied Groups (X+ SD)
Group | Group Il
Renal IL-4 21.843.47 2204
(pg/mg protein) 3.72
TNF-a 1.99+0.32  2.04+0.40

(pg/mg protein)

Group 111
8.12+1.842b

10.67+2.94 2P

F P
Group IV
19.31+3.01°¢ 4521  <0.001**
3.70£1.13° 66.81  <0.001**

SD: standard deviation, F: ANOVA test, *: Significant (P<0.05) **: Highly significant (P<0.001), Post hoc: Tukey’s
test, a: Significant as compared to Group I, b: Significant as compared to Group I, c: Significant versus Group 11

DISCUSSION

ND is a synthetic derivative of the male
testosterone hormone, which has been modulated
to promote their anabolic added to their
androgenic activity (Shahidi, 2001).

ND is among the most commonly used
supplements by athletes, and it can impact the
kidney in variable ways. It can worsen or even
initiate acute renal and chronic renal damage
through  glomerular  injury,  glomerular
hyperfiltration, hypercalcemia and apoptosis
(Nieschlag and Vorona, 2015).

The current study showed that ND
administration for eight weeks induced
histopathological alterations in the renal tissues.
These alterations included apparent congestion in
capillaries with perivascular cellular
inflammatory infiltration. Atrophy of the
glomerulus, marked cytoplasmic vacuolations
and degenerative changes in the proximal and
distal convoluted tubules were also demonstrated,
along with disturbed renal functions with
elevated urea and creatinine.

These histopathological findings
corresponded to the findings of Takashashi et al.
(2004) and Ebeye et al. (2016), that stated the
pathological changes in the rat kidney, like
tubular degeneration, glomerulosclerosis,
glomerular oedema and foci of congestion
following intake of extra doses of ND.

On the other hand, this was in agreement
with another study that postulated the impacts of

a related anabolic androgenic  steroid,
testosterone undecanoate (TU), treatment on the
degeneration of the kidney in 25% of the animals
treated with TU (Shabir et al., 2015; Bento-
Silvaetal., 2010).

According to the biochemical analysis of the
current study, serum urea and creatinine
significantly elevated upon ND administration.

Harrington et al. (2011) stated that the use
of anabolic steroids regularly, either orally or
parenterally, resulted in elevated serum urea and
creatinine along with reduced haemoglobin
levels. They recorded that the patient developed
intrinsic kidney parenchymal injury and needed
hemodialysis for this end-stage kidney disease.

A dose-dependent correlation was reported
between the treatment with exogenous
dihydrotestosterone and the progression of
glomerulosclerosis, tubule-interstitial ~fibrosis
and albuminuria in rats (Xu et al., 2009).

We researched the oxidative stress impact
and the apoptotic reaction caused by ND in the
renal tissues. We found that long-term treatment
with ND for extended periods enhanced oxidative
damage in the rat kidneys.

The current study showed an increment in
lipid peroxidation (malondialdehyde) and pro-
inflammatory cytokines (TNF-a) significantly
simultaneously with a significant drooping of
renal tissue antioxidant GPx activities and 1L-4
(anti-inflammatory interleukin).

It was reported that animals treated with
nandrolone revealed disruption in redox
homeostasis in various organs such as the liver,
heart and kidneys (Daher et al., 2018).
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Evidence supported that ND could easily
interrupt the redox homeostasis of the kidney,
heart and liver tissues of rats (Frankenfeld et al.,
2014), and elevated activities of cytochrome p-
450 in the liver and tissues of ND-induced mice
could be indications for the tissue level
alterations caused by anabolic steroids (Acharjee
and Mahanta, 2009).

It is well known that cytokines are vital
proteins accountable for cell-to-cell connection.
They promote cellular interaction between cells
of the body systems and the immune system.
There are two diverse forms of it: anti-
inflammatory and pro-inflammatory cytokines.
Pro-inflammatory cytokines like IL-12, TNF-a
and IL-2 stimulate inflammatory responses that
are repressed by anti-inflammatory cytokines like
IL-4, IL-10 or IL-13 (Dinarello, 2000; Opal and
DePalo, 2000).

TNF-a interceded harm of ND in renal cells
as it may have a dual function in the stimulation
of the apoptosis pathway, either extrinsic or
intrinsic (Riezzo et al., 2014 ).

Supra-physiological dose of ND enhanced
the liberation of interleukin-1beta in addition to
TNF-0. in the cultures of peripheral blood
lymphocytes of humans. The cytotoxic cytokine,
TNF-a, is responsible for the initiation of cellular
apoptosis and liberation of cytochrome C through
the disruption of the mitochondrial membrane
(Misseri et al., 2005).

Apoptosis is considered a participating
operator in developing fibrosis of kidney tissues.
It can be initiated through numerous
inflammatory  cytokines.  Apoptosis  from
androgen can be prompted by triggering a
caspase-dependent apoptotic pathway in the cells
of renal tubules. On the other hand, testosterone
may be encompassed in the liberation of pro-
inflammatory cytokines like IL-1b, IL-6 and
TNF-a. The release of such cytokines can lead to
an inflammation of the renal tissues and a
progression of chronic kidney disease (Verzola
et al., 2009).

Previous research has proved the beneficial
role of antioxidants, as co-enzyme Q against ND-
induced organ toxicities (Ali et al., 2018).

Egypt J. Forensic Sci. Appli. Toxicol.

In the current study, the protective role of
ALA against ND-induced kidney insult can be
explained by different perspectives.

ALA is an efficient antioxidant; it can beat
radicals easily and does not display any serious
side effects. ALA includes sulfur composed of
two thiol groups; therefore, it plays its role as a
cofactor for multiple mitochondrial enzymes by
catalyzing the a-ketoacid (Goraca et al., 2011).

Moreover, the antioxidant features of ALA
are likely due to its metal chelating action, its
competence to ROS directly scavenging and its
capability to rejuvenate and interact with other
antioxidants, including vitamin C and vitamin E
and glutathione (Singh and Jialal, 2008).

A different preference of ALA is its
capability to go through all body parts due to its
dual solubility both in water and in fat. On
account of ALA distinctive features, it is
competent to enter certain parts of the cell that
most other antioxidants can’t reach (Segall et al.,
2004).

Previous research proved the role of ALA as
an antioxidant agent against many toxins. It
antagonized the hepatotoxic effect of ricin
(Wahdan and Sarhan, 2016).

The therapeutic prospect of ALA has been
elucidated in diverse defects associated with
oxidative stress and inflammation in variable
organs like the kidney (Kang et al., 2009).

ALA  treatment decreased TNFR1
expression and induced suppression of TNF-a
and IL-6 (Zhang et al., 2011).

Supplementation with ALA can suppress
inflammatory markers by getting out of free
radicals and suppressing the processes of
transduction of pro-inflammatory redox-sensitive
signal that include translocation of nuclear factor
kappa B, resulting in reduced cytotoxic cytokines
and other free radicals (Wong et al., 2001).

On the other hand, ALA treatment recovers
cellular antioxidant capability and phases 2
enzymes like glutathione reductase, glutathione-
S-transferase, reduced glutathione, and catalase
(Cao et al., 2003). Added to the previous, ALA
can block serine kinases (e.g., IKKf) stimulation
to depress inflammatory cytokines (Evans et al.,
2005).
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ALA can prohibit TNF-a provoked kappa B
kinase stimulation (Zhang and Frei, 2001).

ALA raised IL-4 markedly that was essential
for controlling autoimmune inflammation in the
cells. (Ponomarev et al., 2007).

ALA nearly restored healthy glomeruli.
Also, normal proximal and distal convoluted
tubules were observed with ALA treatment. It
was confirmed by reduced tubular dilation and
regenerated tubular epithelium in ALA-treated
rats (Sehirli et al., 2008).

Together in vitro and in vivo experiments
stated that ALA decreased serum levels of blood
urea nitrogen and serum creatinine, diminished
MDA and ROS levels added to mitigation of the
severity of renal damage (tubular dilatation,
tubular cell necrosis, haemorrhage and
cytoplasmic vacuolation) (Koga et al., 2012).

CONCLUSION
According to the results of the study,
administration of ND in a dose of 1/20 of the LDso
for eight weeks resulted in a renal insult at the
histopathological and biochemical levels in adult
albino rats. ALA was a product that, when
administered concomitantly with ND, alleviated

the manifestations of renal insult.

RECOMMENDATION
- There is a requirement for more
research to study the impacts of ALA on ND-
induced various organ toxicities.
- It is necessary to perform more
studies on ND-toxicity and the impact of ALA on
it over various periods.
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