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Abstract

Rational: Nandrolone decanoate (ND) is one of the most commonly abused anabolic androgenic steroids compound in the world in order to improve physical
performance but its abuse is associated with several adverse effects.

Objectives: The current study was performed to evaluate the effect of recommended and overdose of nandrolone decanoate for short and long term on the alterations
of biochemical markers related to kidney, liver, adrenal, thyroid gland functions and the levels of oxidant and antioxidant activities.

Methods: Sixty adult male albino rats were randomly assigned into two major groups. The first was treated with ND for 6 weeks and the second was treated with
same drug for 12 weeks. Each of these groups were further subdivided into three subgroups: 1-Control (untreated rats), 2- Rats intraperitoneally injected with 3 mg/
kg. weekly, 3- Rats intraperitoneally injected with 15 mg/kg weekly.

Results: Ingesting male rats with high ND dose for either short or long term significantly elevated kidney function biomarkers (serum creatinine, urea, uric acid and
NAG), liver function biomarkers (serum AST, ALT, cytosolic AST,ALT and mitochondrial AST), slightly increased thyroid function (T3 ant T4) and insignificantly
attenuated TSH. It significantly increased adrenal function (corticosterone) while, decreased ACTH. Moreover, oxidative stress biomarkers (superoxide anion and
lipid peroxides) were significantly upregulated associated with depression in superoxide dismutase and catalase activities.

Conclusion: The use of high ND dose for either short or long term as well as the repeated use of recommended ND dose for long term proved to have harmful effects

manifested in impairing the functions of kidneys, liver, thyroid, adrenal glands as well as oxidant antioxidant balance.

Introduction

Nandrolone decanoate (ND) is one of the most commonly abused
anabolic androgenic steroids (AAS) compound in the world due to its
androgenic potential associated with the favored anabolic properties
[1]. The use of ND has been applied for therapeutic purposes and
has proven to be effective in reducing loss of body mass and muscle
in human immune efficiency virus (HIV) patients [2], increasing the
number of satellite cells per muscle fiber [3], and controlling refractory
anemia [4]. It is also used in the treatment of hypogonadism, bone
marrow failure syndromes, bone mineralization and some muscle
wasting disorders [5].

The recommended therapeutic dose of ND for human is 0.4 mg/
kg/day [6]. However, the use of ND has notably increased to improve
physical performance and the doses up to 10 to 100-fold higher than
the therapeutic dose are being used and this abuse resulted in several
adverse effects [7].

The chronic and unregulated use ND results in undesirable
outcomes including oxidative stress [8], renal and hepatic injury [9],
coronary problems [10] and psychological disorders [11].

Therefore, the current study was designed to assess the influence
of recommended and chronic overdose consumption of ND on the
biochemical alterations in reno-hepatic functions, hormonal levels,
oxidant and antioxidant biomarkers in male rats.
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Materials and methods

Adult male albino rats weighing 150 + 10 g were used in the
present study. The animals were obtained from the animal house
colony of National Research Centre. The animals were maintained in
wire bottomed cages at room temperature (25 + 2°C) with controlled
lightening (12 h light and 12 h darkness cycle). All animal was
accommodated with laboratory conditions for one week before
treatment and maintained under the same conditions all over the
experimental period. Rodents chow diet and clean water were allowed
ad libitum. All animals received human care in compliance with the
guidelines of the Ethical Committee of Medical Research of National
Research Centre, Egypt. which conform to the recommendations of
the National Institutes of Health Guide for Care and Use of Laboratory
Animals (Publication No. 85-23, revised1996).
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Drug and chemicals

Nandrolone decanoate (Deca-Durabolin)” was purchased from
Organon Company in the form of ampoule 25 mg. all chemicals and
reagents used in the experiment were of analytical grade.

Experimental design

Sixty adult male Wister rats were randomly assigned into two
major groups. The first group (group 1) was treated with the ND for
short term (6 weeks), while the second group (group II) was treated
with the same drug for long term (12 weeks). Each of the short- and
long-term groups were subdivided into three subgroups

Subgroup (1): rats were kept without treatment and served as
untreated control.

Subgroup (2): rats were intraperitoneally injected with 3 mg/kg bw
ND weekly.

Subgroup (3): rats were intraperitoneally injected with 15 /kg bw
ND weekly.

The doses of ND administered to rats and period of administration
were similar to that used earlier [12,13] and mimics one cycle of AAS
abuse by athletes.

Sampling

At the end of treatment period, animals were fasted overnight and
then anaesthetized using urethane (1.4 ml/kg).

Blood sampling

Blood samples were collected from the retro-orbital venous plexus.
One portion of each blood sample was collected in dry centrifuge tubes
and left to clot and then centrifuged at 3000 xg for 15 minutes at 4°C as
aliquots for further determination of creatinine, urea uric acid, Acetyl
B-glucosaminidase (NAG), Aspartate amino transferase (AST), alanine
amino transferase (ALT), triiodothy-ronine (T,), tyroxine (T,) and
thyroid stimulating hormone (TSH). The other portion of each blood
sample was collected in heparinized tubes and then centrifuged at 3000
xg for 20 minutes at 4°C for separation of plasma. Plasma samples were
stored at -20°C for corticosterone and adrenocorticotrophic hormone
(ACTH) determinations.

Tissue sampling

After blood collection, all animals were rapidly sacrificed and
the right kidney and liver of each animal was removed by dissection,
washed from blood by ice-cold isotonic saline and blotted between two
filter papers, then part of each harvested kidney and liver was shock
frozen in liquid nitrogen (-170°C) and stored at -20°C for further
determination of superoxide anion ( O,), malondialdehyde (MDA),
superoxide dismutase (SOD) and catalase (CAT) in kidney tissues and
cytosolic ALT, AST and mitochondrial AST in liver tissues.

Biochemical analysis

Serum creatinine was measured as described by Henry [14]
using diamond diagnostics kits (Egypt), following the instructions
of manufacturer. Serum urea was quantitatively determined using
QCA kit (Quimica Clinica Apilicada SA) with the modified Searcy
et al. [15] method. Serum uric acid concentration was determined
colorimetrically as described by Haisman et al. [16] using stabio uric
acid liquicolor kit (USA). Serum N-acetyl-B glocosamindase (NAG)
was determined colorimetrically as described by Lugmani et al. [17]
using diagnostics FAR kit (Italy).
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The activities of serum AST and ALT were determined using kits
provided by stanbio Laboratory (USA) according to Reitman et al. [18].

Serum triiodthyronine (T,) and thyroxine (T,) concentrations
were determined according to Walker [19] and Schuurs et al. [20],
respectively by enzyme immune assay (EIA) kits (Cal. Tech. Diagnostics
INCaaa (USA). Serum thyroid stimulating hormone (TSH) was
determined according to Morimoto et al. [21] by solid phase enzyme
linked immune assay (ELISA) kits (Immuno Biological Laboratories,
Inc (IBL. Germany).

Plasma corticosterone was determined according to Krame et
al. [22] by Enzyme Immuno Assay kits (IBL Immuno Biological
Laboratories Germany). Plasma adrenocorticotrophic hormone
(ACTH) was determined as described by Odell et al. [23] using solid
phase enzyme linked immune sorbent assay kit (Biomerica Inc. USA).

The stored kidneys were homogenized in Teflon-glass homogenizer
with buffer containing 1.5% potassium chloride to obtain 1:10 (w/v) of
whole homogenate to determine oxidant biomarkers and antioxidant
enzyme activities in renal tissue. The homogenate was prepared for
analysis by centrifugation at 18,000 x g (4°C) for 30 min.

Renal tissue superoxide anion was determined according to the
modified method of Hassoun et al. [24] following the principle of
Babior et al. [25] which measured the production of superoxide anion
in tissue on the basis of cytochrome c reduction. Lipid peroxidation
was determined according to Placer et al. [26] which depends on the
determination of thiobarbituric acid reactive substance (TBARS)
content.

Total protein in tissue homogenate was determined according to
Chromy et al. [27] using diagnostic kits provided by Biocon (Germany)
following the instructions of manufacturer.

The activity of tissue superoxide dismutase (SOD) was measured
using the method of Marklund [28]. Tissue catalase activity was
determined according to Clairborne method [29].

The stored livers were homogenized using potter glass homogenizer
for two minutes. The respective homogenate was centrifuged at 25000
xg in Sorvall Dupont (USA) ultracentrifuge for two hours at 4°C.
Liver cytosol was prepared according to the method of Yeung et al.
[30]. Determination of cytosolic AST and ALT was the same as that of
serum AST and ALT using 0.2 ml liver cytosol instead of serum. Liver
mitochondria was separated according to the method of Hogeboom
[31]. The pure mitochondria was resuspended in 5ml of 0.25 mol/L
sucrose and kept over-night after the addition of 0.06% wv Triton X 100
in order to release the enzyme from mitochondria [32]. Determination
of mitochondrial AST was the same as that of serum AST using 0.2 ml
of liver mitochondrial fraction instead of serum.

Statistical analysis

The obtained data were statistically analyzed. The values are
expressed as mean * SD. The differences between groups were assessed
by one-way analysis of variance (ANOVA), using SPSS software (IBM,
New York USA). Intergroup comparisons were performed by Duncan’s
multiple rank test using MSTAT-C computer program. Mean values
followed by the same alphabetical letter are not significantly different.
Differences were significant at p < 0.05.
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Results

Renal function
Creatinine concentration

Creatinine level in serum is typically used to monitor kidney
function. In the present study ingesting male rats with high ND dose
(15 mg/kg/week) for either short-term (6 week) or long-term (12
weeks) significantly elevated the level of serum creatinine However the
recommended ND dose (3mg/kg/week) for short term had no significant
effect on serum creatinine. Whereas the low dose (recommended dose)
of ND for long term resulted in significant increment in the level of
serum creatinine (Figure 1A).

Urea concentration

Urea is the principal nitrogenous waste product of protein
breakdown. It is eliminated from the body almost exclusively by the
kidneys in urine. The measurement of urea concentration in blood has
had clinical application in the assessment of renal function.

Ingesting male rats with the supraphysiological ND dose (15 mg/
kg/ week) for either short term (6 week) or long term (12 weeks)
significantly elevated the level of serum urea by 59% and 81%,
respectively as compared to the control. However, ingesting male rats
with 3 mg ND /kg/week for either short or long term had no significant
effects on serum urea (Figure 1B).

Uric acid concentration

An increase in uric acid level may be a consequence of increased
cell breakdown associated with renal disease. As show in ingesting male
rats with high ND dose (15 mg/kg/week) for either short or long term
induced significant increments in serum uric acid level by 47% and
113% as compared to the untreated rats. However, the low ND dose (3
mg/kg/week) for short term (6 weeks) had no significant effects on the
level of serum uric acid. In contrast, the low ND dose (3 mg/kg/weed)
for long term (12 weeks) resulted in significant elevation of serum uric
acid by 8% as compared to the control (Figure 1C).

1.4-Serum N-acetyl B-glucosaminidase (NAG)

Serum NAG is considered to be a sensitive indicator of renal
tubular impairment. It is associated with the lysosomal membrane, so it
would not be lost into the urine unless the tubular cells were damaged
Ingesting male rats with the high ND dose (15 mg/kg/week) for either
short or long term resulted in significant elevation in serum NAG by
141% and 218% respectively in comparison with the untreated rats.

On the other hand, the low ND dose (3 mg/kg/week) for short term
had no significant effects on serum NAG. However, ingesting male rats
with low ND dose (3 mg/kg/week) for long term (12 weeks) resulted in
significant elevation in the level of serum NAG by 41% as compared to
the control (Figure 1D).

Liver function
Serum AST and ALT activities

Aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) are two of the most reliable markers of hepatocellular injury
or necrosis. ingesting male rats with the Supra physiological ND dose
(15 mg/kg/week) for either short or long term significantly increased
both AST and ALT by 35%, 52%, 64% and 85% in the same respect in
comparison with the untreated rats. However, administration of the low
ND dose (3 mg/kg/week) for 6 weeks had no significant effect on both
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serum AST and ALT. Ingesting male rats with the low dose for 12 weeks
resulted in significant increment of 21% for AST and 18% for ALT as
compared to the untreated rats (Figure 2A and 2B).

Liver cytosolic AST and ALT

Supra physiological ND dose administration (15 mg/kg/week)
for either short or long term induced significant elevations in both
cytosolic AST and ALT activities by 75%, 140%, 77% and 164% with
the same respect in comparison with the untreated rats. The low
ND dose (3 mg/kg/week) for either short or long term did not affect
significantly the activity of cytosolic AST in liver tissues. In addition,
it had no significant effect in the case of short term for cytosolic ALT.
however in the case of long term it induced significant elevation by 37%
for cytosolic ALT activity as compared to the untreated rats (Figure 2C
and 2S).

Mitochondrial AST activity

The results revealed that ingesting male rats with the high ND dose
(15 mg/kg/week) for either short or long term resulted in significant
increases in mitochondrial AST by 49% and 186% respectively as
compared to the control. However, administration of the low ND dose
(3 mg/kg/week) for either short or long term had no significant effect
on mitochondrial AST activity (Figure 2E).

Hormonal levels
Serum T, T, and TSH levels

Considering the effect of ND on serum T,T, and TSH levels, the
results showed that ingesting male rats with either recommended dose
(3 mg/kg/week) or overdose (15 mg/kg/week) of ND for both short
or long term had no significant effect on T, ,T, and TSH levels. as
compared to the normal control. However, the mean values of T, and
T, tended to increase by administration with low and high ND dose,
while the mean values of TSH level tended to decrease (Figure 3A-3C).

Plasma corticosterone concentration

Current data showed that the low dose of ND for short term did
not affect significantly the concentration of corticosterone. However,
the low dose for long term induced significant elevation of 26% as
compared to the normal control. In addition, ingesting male rats with
the ND overdose (15 mg/kg/week) for either short or long term resulted
in significant elevations of 44% and 61% respectively as compared to
the normal control (Figure 3D).

Plasma ACTH concentration

The present results revealed that ingesting male rats with high
ND dose (15 mg/kg/week) for either short or long term significantly
attenuated the concentrations of plasma ACTH by -27% and -38%,
respectively as compared to the normal control. However, the low ND
for short term had no significant effect on plasma ACTH concentration.
The low ND dose for long term significantly decreased the concentration
of plasma ACTH by -7% as compared to the untreated rats (Figure 3E).

Oxidant and antioxidant biomarkers
Superoxide anion (0,)

Injecting male rats with high ND dose (15 mg/kg/week) for either
short orlong term induced significant elevation in the level of superoxide
anion by 89% and 142%, respectively compared to the untreated control
rats. The low ND dose (3 mg/kg/week) for short term (6 week) had
no significant effect in this respect. However, injecting male rats with
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Figure 1. Effect of ND on kidney function: Serum creatinine concentration (A) Serum urea concentration (B) Serum uric acid concentration (C) and Serum NAG concentration (D) Different
letters on columns indicate statistically least significant difference (LSD).
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Figure 3. Effect of ND on thyroid and adrenal glands function. Serum T3 level (A) Serum T4 level (B), Serum TSH level (C) Plasma Corticosterone concentration (D) and plasma ACTH

concentration (E) . Different letters on columns indicate statistically least significant.

low ND dose for long term (12 week) resulted in significant increase in
the level of superoxide anion by 42% in comparison with the normal
control (Figure 4A).

Lipid peroxides

Data showed that ingesting male rats with high ND dose (15 mg/
kg/week) for either short or long term significantly elevated the level of
lipid peroxidation in tissues by 30% and 41% respectively as compared
to the normal control. The low ND dose (3 mg/kg/week) for short term
(6 week) had no significant effect in this respect. However, the lows ND
dose for long term resulted in significant increase in the level of tissue
lipid peroxidation by 8% in comparison with the untreated rats (Figure 4B).

Superoxide dismutase (SOD) activity

Superoxide dismutase is an enzyme that alternately catalyzes
the dismutation of superoxide anion into either ordinary molecular
oxygen (O,) or hydrogen peroxide (H,0,). The results indicated that
ingesting male rats with high ND dose (15 mg/kg/week) for either
short or long term caused significant reduction in the activity of SOD
in kidney tissues by -34% and -45%, respectively as compared to the
normal control .The low ND dose (3 mg/kg/week) for short term had
no significant effect in this respect. However, ingesting male rats with
low ND dose for long term significantly attenuated the activity of SOD
by 11% as compared to the untreated rats (Figure 4C).

Catalase activity

Rats received high ND dose (15 mg/kg/week) for either short or
long term showed significant attenuation in catalase activity by -20%
and -39%, respectively as compared to the normal control. The low
ND dose for short term had no significant effect on catalase activity.

Biomed Res Clin Prac, 2019 doi: 10.15761/BRCP.1000185

However, ingesting male rats with the low ND dose for long term
significantly attenuated the activity of catalase by -11% in comparison
with the untreated rats (Figure 4D).

Discussion

Nandrolone decanoate (ND) is a synthetic anabolic steroid AAS
derived from testosterone. It is used for improvement of athletic
performance and this drug has been used by weightlifters, elite athletes,
bodybuilders and recreational athletes to increase their muscles and
decrease fat mass [33]. It becomes one of the most commonly abused
AAS in the world [1]. The abuse and chronic use of ND can cause a lot of
adverse effects on kidney, liver, hormones, reproductive, cardiovascular,
oxidant and antioxidant systems among others [34,35].

The current study aimed to examine the effects of recommended
ND dose (3 mg/kg/week) [6] and the high ND dose (15 mg/kg/eek) for
either short term (6 weeks) and long term (12 weeks) on the alteration
of reno-hepatic functions, hormonal levels and oxidative stress
biomarkers in male rats.

Ingesting male rats with high ND dose for either short or long term
as well as the recommend ND dose for long term led to significant
increase in the levels of creatinine, urea, uric acid and NAG. These
results are in accordance with the finding of Mohammed et al. [9] who
reported high increase of creatinine and urea levels among ND high
dose groups, which indicate negative impact of ND on kidney function.
Increasing the levels of uric acid may be a consequence of decreased
clearance caused by the impairment in glomerular filtration rate (GFR)
or it may reflect local tissue hypoxia or increased cell breakdown
associated with renal disease [36]. In addition, increasing the levels of
NAG is a sensitive indicator of renal tubular impairment [37].
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Figure 4. Effect of ND on oxidative stress biomarkers and antioxidant activities. Kidney tissue superoxide anion (A) kidney tissue lipid peroxides (B) Kidney tissue superoxide dismutase
activity (C) and kidney tissue catalase activity (D) Different letters on columns indicate statistically.

NAG(N-acety-B-D glucosaminedase is a lysosome enzyme widely
distributed in body tissue. It is released into serum from cells by
exocytosis or from the breakdown of cells [38]. In this regard the high
ND dose for either short or long term and the recommended ND dose
for long term significantly elevated serum NAG activity. Determination
of NAG may be noninvasive useful test for the early identification
of patients who will subsequently develop renal disease [39]. The
elevated serum NAG activity may be related to various cardiovascular
risk factors, including atherosclerosis, elevated serum cholesterol
and increased uric acid [40]. Li et al. [41] reported that increase in
oxygen free radical leads to destruction of lysosomal membrane with
subsequent release of NAG enzyme.

Aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) are the two of the most reliable markers of hepatocellular injury
or necrosis [42]. Their levels can be elevated in a variety of hepatic
disorders. The overdose of ND administration for either short or long
term significantly elevated AST and ALT activities, cytosolic AST and
cytosolic ALT as well as mitochondrial AST. These results are in the
same line with the findings of Vierira et al. [43] and Mohammed et al.
[9] who reported higher values of AST and ALT in the rats ingested
with high ND dose and this behavior is repeated in low ND dose for
long term with lower increments. Shahraki et al. [44] revealed that
chronic administration of ND causes increased liver toxicity in male
rats by altering the liver enzymes, lipid profile and blood parameters.
In addition, administration of supraphysiological doses of ND alters
glucose metabolism and lipid profile in albino rats [35].

Ingesting male rats with either low or high ND dose for both short
and long term had insignificant effects on thyroid function (T,, T,)
and TSH). However, T3 and T . tended to increase, but TSH tended to
decrease. These results are in agreement with the finding of Jepson et

Biomed Res Clin Prac, 2019 doi: 10.15761/BRCP.1000185

al. [45]. The slight increase of T3 and T4 level may be due to tyrosine
content which is essential in the formation of thyroid hormones.
However, the decrease in TSH level is due to the inverse feedback
relationship between serum T4 and TSH applied across their normal
ranges as well as in disease state as indicated by Ekins [46]. Thyroid
gland is one of the non-classical target organs for androgen. The role of
ND in thyroid gland structure is not yet fully understood [47]. It was
reported that gonadal steroids affect thyroid gland not only in a direct
manner through androgen receptors on thyroid follicular cell but also
indirectly through the hypothalamic pituitary axis.

The current study revealed that injection male rats with high
ND dose for short or long term induced significant elevation in the
plasma corticosterone concentration. In this regard similar finding was
obtained by Schlussman et al. [48] who reported that administration of
ND significantly increased circulating level of corticosterone.

On the other hand, the plasma ACTH concentration was
significantly attenuated by ingesting male rats with low ND dose for
long term and high ND dose for either short or long term. These results
are in agreement with that obtained by [49].

The corticosterone secretion from the adrenal glands is controlled
by the stimulus of adrenocorticotrophic hormone (ACTH) from the
pituitary gland. ACTH is secreted in response to corticotropin releasing
hormone (CRH) and vasopressin from the hypothalamus. Increase in
cortisol exerts negative feedback control on both CRH, vasopressin and
consequently on ACTH, leading to ACTH inhibition [50].

Regarding the effect of nandrolone decanoate (ND) on the levels
of oxidant and antioxidant system, the current study revealed that
ingesting male rats with high ND dose for either short or long term
as well as low ND dose for long term induced significant elevation
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in superoxide onion (O,) and malondialdehyde (MDA), while it
significantly attenuated superoxide dismutase (SOD) and catalase
activity in kidney tissues of rats as compared to the untreated control
rats.

Malondialdehyde is a metabolite of lipid peroxidation, which
is produced due to the reaction of superoxide anion (O,) and
polyunsaturated fatty acids. It is one of the end products of lipid
peroxidation [51]. Jevdevic et al. [8] pointed out that the highest
concentration of ND induced the most prominent changes in O,-
and H, O, dynamics, In, addition many studies confirm the negative
influence of ND on oxidative stress parameters [35,52].

Kidney and liver are usually linked to oxidative stress, which is
characterized by a disruption of redox signaling. Reactive oxygen
species (ROS) such as superoxide anion radical (O,-) and hydrogen
peroxide (H,0,), can be formed by xanthine-oxidase, cytochrome P-450
or mitochondrial electron transport chain as a byproduct or directly by
the NADPH oxidase (NOX) family of enzymes [53]. Intracellular ROS
levels are maintained at adequate levels by antioxidant systems that
react with these molecules producing less reactive compounds. Catalase
is involved in H,O, detoxification, producing H,O directly, while
superoxide dismutase (SOD) catalyzes the conversion of superoxide to
H,0, [54].

The metabolism of high ND doses by cytochrome P-450 mono-
oxygenases would have increased greatly the production of ROS
resulting in a state of oxidative stress and upregulation of the activities
of the antioxidant enzymes such as SOD and catalase [55].

Conclusion

The use of high ND dose for either short or long term as well as the
repeated use of recommended ND dose for long term had deleterious
effects evidenced by impairing kidney and liver functions, deteriorating
thyroid, adrenal glands activities and disturbing oxidant/antioxidant
balance.
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