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Abstract

Objective of the study: Anabolic androgenic steroids (AASs) unlawfully misused for their anabolic effects has deleterious 
effects of major concerns in public health even in the presence of endogenously produced antioxidants. This study is to 
evaluate the interaction between AAS metabolites and endogenously produced superoxide dismutase (SOD) activity in AAS 
treatment and AAS abstinence.
Materials and Methods: Twenty (20) adult male Wistar used were divided into four (4) groups, A and B served as the positive 
and negative control given normal saline and olive oil respectively, C and D was given 120mg/kg/bodyweight oral AAS for 21 
days while D served as the 7 days withdrawal group after AAS treatment by evaluating histopathological changes in the liver 
histology, mucin/ glycogen granules, network of reticulum fibers, liver function enzymes; alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST), lipid peroxidation enzyme malondialdehyde (MDA) and antioxidant enzyme.
Results and Discussion: AAS treatment perturbed hepatocellular membrane integrity seen in the increase MDA, AST and 
ALT activity which caused disruption of the hepatocytes cell integrity attributed to a decline in endogenous SOD. However, 
AAS withdrawal group gradually reversed AAS mediated heaptocellular pathogenesis associated with progressive elevation of 
endogenous SOD, decline in MDA and activities of liver function test. 
Conclusion: AAS mediates hepatic injury through lipid peroxidation and a decline in endogenous antioxidant enzyme, 
withdrawal of AAS slows down the oxidative damage process when the endogenous antioxidant production increases and 
mobs off ROS generated by AAS ingested thereby protecting against liver injury and hepato-cellular break down. 
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Abbreviations: AAS: Androgenic Anabolic Steroids; ARs: 
Androgen Receptors; ROS: Reactive Oxygen Species; ALT: 
Alanine Aminotransferase; AST: Aspartate Aminotransferase; 
AAS: Anabolic Androgenic Steroid; SOD: Superoxide 
Dismutase.

Introduction

Androgenic anabolic steroids (AAS) are basically 
synthetic analogue of testosterone which binds to androgen 
receptors (ARs) thereby mediating muscle enhancement by 
promoting protein synthesis [1,2]. They are mainly consumed 
illegally by sportmen and non-athletes for esthetic purposes 
Park M, et al. [3,4] and this has several adverse side effects 
Gagliano-Jucá T, et al. [5] such as kidney dysfunction Barakat 
LA, et al. [6], cardiovascular dysfunction Tousson E, et al. 
[7] liver dysfunction Ziaolhagh SJ, et al. [8] and testicular 
disruption [9]. 

The abuse of AAS is of public concern because the global 
life expectancy of young adults recorded to have used AAS 
without medical prescription is between 1.5- 4% Sagoe D, 
et al. [10,11] as the drug can potentiate brain and cardiac 
dysfunction [12]. 

Of all the class of anabolic androgenic steroids, 
testosterone undecanoate, danazol, and oxandrolone, are 
the commonly consumed for it helps to increase lean muscle 
protein synthesis and decline body fat mass [13].

The liver is easily prone to toxic side effects of AAS, since 
it is the main site for drug metabolism and steroid clearance 
[14]. According to Albano, et al. [15] hepatoxicity due to drug 
intoxication is characterized by an increased infiltration 
of the liver parenchyma by neutrophils, lymphocytes, and 
eosinophil’s Niedfeldt MW [14,16] resulting in alteration of 
the normal histoarchitecture of the hepatic tissue reportedly 
presented like ground glass appearance of the hepatocytes, 
and liver damage [17]. 

The pathogenesis of AAS liver injury is characterized 
by an elevation in liver function enzymes, severe vascular 
injury to the liver [14]. This damaging effect is proposed to 
be associated with toxicant mediating oxidative stress that 
activates androgen receptors which leads to alterations 
in the mitochondrial enzymes leading to mitochondrial 
degeneration in the hepatic cells [18]. The oral forms 
are resistant to immediate degradation and hepatotoxic 
Castellanos MM, et al. [19] but their parenteral administration 
also leads to hepatic dysfunction [20].

Testosterone and other class of AASs has the ability to 
cross the blood into cell membrane via connected intra-

cytoplasmic androgenic receptors., to their target site which 
is the cell nucleus to alter DNA function, cellular metabolism 
and androgenic functions cellular activities [21,22]. 

A report hypothesized/ suggested that the activation of 
androgen receptor (AR) in the hepatic cells is proposed to be 
linked with the generation of reactive oxygen species (ROS) 
that results in mitochondrial mediated hepatic degeneration 
[14,18] Oxidative tissue damage is associated to cellular 
toxicity [23].

In recent years, great report has been linked to the role 
of endogenous and exogenous antioxidant for their role as 
a prophylactic or therapeutic agent against side effects of 
drug abuse [24-27]. The disruption of redox signaling and 
antioxidants balance cannot be overemphasized [25]. 

Therefore, this research is being carried out to 
understand the interplay between AAS and endogenous 
antioxidant by assessment of histopathological changes in 
the liver (using H and E, PAS for mucin/ glycogen granules 
and reticulin stain for reticular fibers), lipid peroxidation for 
oxidative tissue damage, endogenous antioxidant activity of 
SOD and liver function enzymes (alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) activity.

Materials and Methods

Experimental Animal Procurement and 
Breeding

The twenty (20) adult male Wistar rats used for this 
study were reared in the Animal Holding Facility Department 
of Anatomy, Bingham University, Karu, Nasarawa State 
Nigeria. The Animal acclimatized for two weeks in aerated 
metallic cages under a standard environmental laboratory 
condition (12hr: 12hrs, dark and light cycles, room 
temperature) and fed pelleted rats’ feed (Vital feeds Limited, 
Mararaba, Nasarawa State Nigeria) and water, ad libitum. All 
experimental procedures aligned with guidelines stipulated 
by the Guide for the Care and Use of Laboratory Animals 
published by the US National Institutes of Health [28] and 
the National Research Council’s Guide for the Care and Use 
of Laboratory Animals [29] as approved by the Institutional 
Committee for Evaluation of Animal Use in Research.

Experimental Duration

The experiment was carried out for 28 days.

Experimental Animal Groups and Procedure

The twenty-adult male Wistar rat used were group into 
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four (4) which are Group A serves as the control, B- given 
the oral Olive oil (used as a vehicle for drug administration) 
for 21 days, the group C – given oral 120mg/kg of Anabolic 
Androgenic Steroid (AAS) for 21days and group D – A 
recovery group for 7 days following 21 days of oral 120mg/
kg AAS treatment.

Drug of Study

Testosterone Undecanoate (Andriol Testocaps, 
Netherlands) at a dose of 120mg/kg bodyweight was given 
orally using olive oil as vehicle as this was reported to enhance 
drug bioavailability and increased the rate of absorption for 
oral delivery because AAS has lipid-based formulations [30].

Experimental Animal Euthanasia 

They were randomly euthanized by decapitation twenty-
four hours after the last drug. Their final body weight was 
taken on the day of the last dose administration. The humane 
method was adopted using cervical dislocation was adopted.
 

Blood Sample and Liver Tissue Collection

The rats in the different experimental groups were 
fasted overnight, and blood samples obtained from retro-
orbital plexus. The blood was centrifuge at 5, 000 r.p.m for 
10minutes and sera obtained aliquoted into sample cuvettes 
placed on ice ready for spectrophotometric analysis using 
commercial kits for each enzyme of study according to 
methods stipulated in the kit manual. The liver tissue was 
excised wet wight taken and rapidly fixed in 10% formol 
saline (buffered) for histopathological analysis.

Estimation of AST and ALT Activity

The liver function test was carried out using alanine 
aminotransferase (ALT) and aspartate aminotransferase 
(AST) enzyme assay kit. Their activity was measured at 
520nm wavelength using a spectrophotometer. AST and ALT 
are used as biomarker to detect liver injury.0.5ml of Buffered 
Substrate (R1) was placed in a test tube and incubated in a 
water bath at a temperature of 37°C for 3 minutes. 0.1ml of 
serum was added to the test solution while distilled water 
was added to the standard blank and working pyruvate 
to the standard solution. All solutions were mixed and 
incubated at 37°C for 60 minutes. 2,4-DNPH (R2), was added 
to all solutions after incubating. The mixtures were left 
to stand for 20 minutes at room temperature. 5ml of 0.4M 
NaOH was added to solutions, mixed and left to stand at 
room temperature for 5 minutes. The absorbance was read 
at 520nm and the enzyme activity was derived.

Estimation of Antioxidant Enzyme-Superoxide 
Dismutase (SOD) Activity

Superoxide dismutase (SOD) is the major endogenous 
antioxidant enzyme that provides first-line protection against 
oxidative stress mediated by generation of reactive oxygen 
species (ROS). Superoxide dismutase (SOD) was assayed 
with a spectrophotometer as stipulated by procedure in the 
commercial kit’s manufacturer (Northwest Life Sciences 
Specialties, Washington, United States). 

Estimation of Lipid Peroxidation Enzyme-
Malondialdehyde Activity

The malonaldehyde a biomarker to measure extent of 
lipid peroxidation. Small amounts of malonaldehyde (MDA) 
are produced during lipid peroxidation and these are able 
to react with thiobarbituric acid (TBA) to generate a pink-
coloured complex which in an acidic solution absorbs light 
at 532nm.0.4ml of test sample was mixed with 1.6ml of Tris-
KCl buffer to which 0.5ml of 30% TCA was added. Then 0.5ml 
of TBA was added and placed in a water bath to incubate 
for 45minutes at 80°C. The incubation produced a pink-
coloured reaction mixture which was then cooled in ice and 
centrifuged at 4,000 r.p.m for15 minutes. The absorbance 
of the clear pink supernatant was then read at 532nm. The 
plasma levels of MDA for lipid peroxidation were measured 
using the MDA commercial assay kit via a spectrophotometer 
according to the procedure supplied by the manufacturer 
(Abcam, Cambridge, MA, USA).

Calculation 

  
 
UnitsMDA absorbance volume of mixture

mg protein
 

= × 
 

532    E Volume of sample mg protein× ×

Where 532E is molar absorptivity at 532nm = 51.56 10×

Hepatic Tissue Histopathological Analysis

The formalin-fixed liver tissue samples were processed 
using an automated tissue processor (LEICA TP) through been 
dehydrated in ascending ethanol grades, cleared in xylene, 
and impregnated and embedded in paraffin as described 
by Bancroft, et al. [31]; Suvarna, et al. [32] and Memudu, et 
al. [33] methods. The paraffin embedded liver tissue blocks 
were cut into sections of 5 µm thick each and then stained 
with H & E (hematoxylin and eosin) for histological analysis, 
PAS stain for mucin granules/ glycogen and Reticulin stain 
for reticular fiber Bancroft, et al. [31] and then cover slipped 
with Dibutylphthalate Polystyrene Xylene (DPX) mounting 
media (Sigma, USA).

https://medwinpublishers.com/ACT/
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Tissue Photomicrography

Sections of the stained liver tissues were visualized 
using an Olympus light microscope and micrographs 
captured with an attached digital microscopic camera (MV 
500 Cameroscope). 

Statistical Analysis

Statistical analysis was done using software GraphPad 
Prism 8.0 (GraphPad, USA). One-way analysis of variance 
(ANOVA) and Tukey post hoc test was used to for multiple 
comparison. Differences at p ≤ 0.05 were considered 
significant (*). The Shapiro-Wilk test was used to check all 

data for normality. All the values are expressed as mean ± 
SEM. The results from biochemical enzyme study were 
examined by Tukey post hoc test (for multiple comparisons) 
p values (*p < 0.05).

Results

AAS increased a Body Weight Gain

AAS increased final body weight in the treated group 
as compared with the control, Olive oil and AAS withdrawal 
groups. There was no significant change in the body weights 
of the control and Olive treated groups (Figures 1 & 2). 

Figure 1: Illustration of the Experimental Design of this Study.

Figure 2: Graphical representation of the mean initial and final body weight of experimental animals. Data are expressed as 
the mean ± SD. Data analyzed using one way Analysis of Variance (ANOVA). Data (*) taken as significant statistically when p ≤ 
0.05. Legend: A=Control, B=Olive Oil Control, B= 120mg/kg b.w.t/ daily AAS for 21days and D= the 7days withdrawal groups 
following 21 days of 120mg/kg AAS treatment.
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AAS Treatment Elevated Absolute Weight of the 
Liver Tissue

This study shows that AAS administration increased the 
absolute weight of the liver when compared with the control, 
olive oil and AAS withdrawal group at p ≤ 0.05. However, 
there was no significance difference in the absolute weight of 

the liver in the control and olive oil groups at p ≤ 0.05 (Figure 
3). The AAS withdrawal group has a significance decline 
in absolute liver weight as compared with the AAS treated 
group, but there was still a significant increase as compared 
with the groups A and B.

Figure 3: Graphical representation of the mean absolute weight of the liver of adult male Wistar rats used in this study. The 
data obtained were analyzed using one way Analysis of Variance (ANOVA) and obtained expressed as the mean ± SD. Data 
(*) taken as significant statistically when p ≤ 0.05. Legend: A=Control, B=Olive Oil Control, B= 120mg/kg b.w.t/ daily AAS for 
21days and D= the 7days withdrawal group following 21 days of 120mg/kg AAS treatment.

AAS Induced Elevation of Serum Level of 
Aspartate Transaminase (AST) and Alanine 
Transaminase (ALT) Enzyme

Aspartate Transaminase (AST) and Alanine 
Transaminase (ALT) indicators for liver function and hepatic 
injury. In study, these enzymes were quantified to evaluate 
that status of liver function due to assault of AAS against 
the liver in the midst of endogenous antioxidant enzymes. It 

was deduced that AAS caused a significant increase in serum 
levels of AST and ALT enzymes relative to the control, olive oil 
and AAS withdrawal group (Figure 4). There was a reduction 
in AAS withdrawal study group relative to the AAS treated 
groups at p ≤ 0.05. It was observed that olive treated group 
had a decline in AST and ALT as compared with the control 
group. However, there was no significant difference in ALT in 
the AAS withdrawal and the control group.

Figure 4: Graphical representation of the mean absolute weight of the liver of adult male Wistar rats used in this study. The 
data obtained were analyzed using one way Analysis of Variance (ANOVA) and obtained expressed as the mean ± SD. Data 
(*) taken as significant statistically when p ≤ 0.05. Legend: A=Control, B=Olive Oil Control, B= 120mg/kg b.w.t/ daily AAS for 
21days and D= the 7days withdrawal groups following 21 days of 120mg/kg AAS treatment.
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AAS Induced Oxidative Tissue Damaged 
Demonstrated by Enhancing Lipid Peroxidation 
and Reducing Endogenous Antioxidant 
Superoxide Dismutase (SOD)

Lipid peroxidation indicator is done by the assessment 
of biological maker malondialdehyde (MDA) and antioxidant 
enzyme superoxide dismutase (SOD) is the main endogenous 
antioxidant enzyme which acts against ROS mediated 
oxidative stress. This report demonstrated that AAS 

enables an increase in MDA activity that implies that there 
is production of ROS due to oxidative stress as compared 
with the control, olive oil and AAS withdrawal groups. Olive 
treated and AAS withdrawal groups shows a decline in 
MDA activity when compared with AAS treated group. AAS 
attenuated endogenous SOD activity in comparison to the 
control, olive oil and AAS withdrawal groups. However, AAS 
withdrawal group had a mild elevation in SOD activity that 
correlates with a reduction in MDA activity (Figure 5).

Figure 5: Graphical representation of the mean serum activity of malondialdehyde (MDA) and superoxide dismutase (SOD) 
which demonstrates changes in liver oxidative stress and lipid peroxidation in AAS treated experimental animals used in this 
study. The data obtained were analyzed using one way Analysis of Variance (ANOVA) and obtained expressed as the mean ± 
SD. Data (*) taken as significant statistically when p ≤ 0.05. Legend: A=Control, B=Olive Oil Control, B= 120mg/kg b.w.t/ daily 
AAS for 21days and D= the 7days withdrawal groups following 21 days of 120mg/kg AAS treatment.

Histological Result of the Liver

The histological presentation of the hepatic tissue 
appears normal in the livers of the control and olive oil study 
groups (Figures 6A, 6B & 6D). Which is characterized by well 
stained eosinophilic nucleus and basophilic cytoplasm, with 
some sinusoidal spaces and properly aligned hepatic plates 
of the hepatocytes. The AAS treated liver demonstrated 
histopathological characterization of liver injury presented 
as palely stained cytoplasm, ground glass appearance of 

the hepatocytes, some cellular swelling seen in hepatocytes 
with centrally located nuclei with cytoplasmic vacuolations 
and focal mononuclear cellular infiltrations within the 
hepatic tissues (Figure 6C). However, the AAS withdrawal 
group showed mild regenerative process in the liver tissue 
as compared with AAS treated study group characterized 
by a decline focal mononuclear cell infiltration, reduced 
ground glass appearance of hepatocytes, less vacuolation in 
the hepatocytes cytoplasmic areas and improved basophilic 
staining of the cytoplasm (Figure 6D).

https://medwinpublishers.com/ACT/
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Figure 6: Representative photomicrograph of the H&E-stained hepatic tissue sections of the experimental Wistar rats of study, 
showing normal histological pictures in the vehicle control (A) and olive oil-treated (B) rats as compared with the AAS treated 
(C) rats. Legend: A=Control, B=Olive Oil Control, B= 120mg/kg b.w.t/ daily AAS for 21days and D= the 7days withdrawal 
groups following 21 days of 120mg/kg AAS treatment. Magnification x400, Scale bar 20 microns (20µm).

Histopathological Changes in Glycogen/
granules in the Hepatic Tissue Associated with 
AAS Administration

The glycogen granules were preserved in the cytoplasm 
of the hepatocytes in the livers of the control and olive oil 

study groups (Figures 7A, 7B & 7D) demonstrated in the 
positive PAS stain as compared with the AAS treated (Figure 
7C) characteristic by loss of glycogen granules. However, we 
observed a progressive restoration of glycogen granules as 
seen in the moderately positive PAS stain (Figure 7D). 

Figure 7: Representative photomicrograph of the periodic acid Schiff ’s (PAS) reaction stain for glycogen granules/ mucins in 
the hepatic tissue sections of the experimental Wistar rats of study, showing normal histological pictures in control, the vehicle 
control (A) and olive oil-treated (B) rats as compared with the AAS treated (C) rats. Legend: A=Control, B=Olive Oil Control, 
B= 120mg/kg b.w.t/ daily AAS for 21days and D= the 7days withdrawal groups following 21 days of 120mg/kg AAS treatment. 
Magnification x400, Scale bar 20 microns (20µm).
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AAS Mediates Distortion of the Network of 
Reticulin Fibers that Supports the Hepatic 
Plates

The reticulin fibers appears protected in the hepatic 
plates and around the portal triad/ central vein in the hepatic 
tissue of the livers of the control and olive oil study groups 

(Figure 8A, 8B & 8D) demonstrated in darkish brown (green 
arrows) presentation of the reticulin fibers. However, the 
reticulin fiber are not adequately presented in AAS treated 
liver tissue hepatic portal plates (black arrows) as seen in 
(Figure 8C). There was appreciable presentation of the 
reticulin fibers the AAS withdrawal (Figure 7D) as compared 
to the AAS study group (Figure 9).

Figure 8: Representative photomicrograph of the histochemical stain for reticulin fibers in the hepatic tissue sections of the 
experimental Wistar rats of study, showing normal histological pictures in control, the vehicle control (A) and olive oil-treated 
(B) rats as compared with the AAS treated (C) rats. Legend: A=Control, B=Olive Oil Control, B= 120mg/kg b.w.t/ daily AAS for 
21days and D= the 7days withdrawal groups following 21 days of 120mg/kg AAS treatment. Green arrows: reticulin fibers, 
black arrow= hepatocytes/ hepatic plates Magnification x400, Scale bar 20 microns (20µm).

Figure 9: Graphical Abstract of this Study.
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Discussion

To date, there is dearth information on the therapeutic 
agents that could lessen AAS associated complications 
Behairy A, et al. [34] so also the information on the 
interplay between toxic effects of AAS and endogenously 
produced antioxidants. Hence, this present work tested the 
interactions between endogenous antioxidant and AAS for 
cell survival, to educate AAS users on the role of AAS and 
endogenously produced antioxidant enzymes in health and 
disease conditions.

In this current study, AAS resulted in an improvement 
in body weight, this correlates with it reports on body 
enhancements or use in body building Sagoe D, et al. [1] 
through its ability to induced an increase in muscle protein 
synthesis Kaufman MJ, et al. [13] when its crosses the blood 
and bind with the androgenic receptors on the skeletal 
muscle cells to activate anabolic function Pope Jr HG, et al. [22] 
associated with binding to DNA which results in replication 
and protein synthesis within the muscles Barceloux D, et al. 
[21] The have been contradictory findings on AAS influence 
on increasing body weight.

Bueno, et al. [35] reported an increase, while Traish, et al. 
[36] reported a decline in body weight linked to AAS intake. 
These conflicting reports may be due to the dose of AAS and 
duration of administration as seen in a report by Gbar, et al. 
[37] that testosterone undecanoate increases body weight 
and muscle strength when given in for a long duration. The 
withdrawal study group showed that abstinence from AAS 
intake results in a reduction in body mass.

Liver is involved in the drug metabolism and 
detoxification Behairy A, et al. [34]. The weight of the liver as 
evaluated in histopathological cases related to drug induced 
liver injury. This study revealed that the wet weight of the 
liver increased in AAS treatment when compared with the 
control, Olive oil vehicle and AAS withdrawal group. This 
increase in liver mass is linked to toxicological report on liver, 
that hepatic injury can results in an increase in liver weight 
as demonstrated in this present study. The AAS withdrawal 
group has a reduction in liver weight. The study group for 
AAS withdrawal presents with a mild decrease in body 
mass. The half-life of testosterone undecanote (TU) has been 
reported to be 1 – 12 days [30]. This shows that effectiveness 
of a decline in TU activity in the blood after withdrawal from 
drug administration.

Histopathological evaluation of the liver involves the 
assay for aminotransferases (AST and ALT) mostly use as 
specific indicators of hepatocellular necrosis or liver injury 
[27] They are used as diagnostic tools or biological maker for 

hepatotoxic liver injury Frankenfeld SP, et al. [38] There was a 
significant increase in ALT and AST levels in AAS treated rats, 
this elevation seen correlates with reports made by Neamat-
Allah [39] and Behairy, et al. [34]. This increase in serum 
AST and ALT activities is proposed to be due to hepatic cell 
membrane distortion Saggu S, et al. [40] and cell membrane 
dysfunction that results in their release into the blood stream 
from the degenerating hepatic cells Behairy A, et al. [34], 
which is an indicator for degeneration of the lipid membrane 
bilayer of the hepatocytes. Olive oil vehicle has a decline in 
AST and ALT activity in our study, which is linked to olive 
oil a polyunsaturated fatty acid, being a strong antioxidant. 
Covas MI [41] has reported that polyunsaturated fats decline 
the risk of liver disease or hepatocellular necrosis due to its 
ability to decrease lipoproteins sensitivity to peroxidation 
in the liver cells. The decline in AST and ALT level in the 
olive oil study group aligns with Tuck, et al. [42] reports. 
The withdrawal of AAS results in a decline in serum level of 
AST and ALT, this implies a withdrawal of toxicant results 
in a decrease as the effectiveness of drug in the withdrawal 
group, indicating recovery in hepatic failure [43]. 

This present report demonstrates histopathological 
evaluation of the liver, to ascertain interaction between 
AAS metabolites and endogenous antioxidant SOD, aside 
from liver function test, serum activities of MDA and SOD 
were assayed. This is because, the liver is one of the organs 
most exposed to oxidative tissue damage because of their 
metabolic functions associated with detoxification [14] and 
liver disease or injury is attributed to oxidative tissue damage 
Behairy A, et al. [34] of which antioxidants are reported to 
avert the cascade reactions in of oxidative tissue injury in 
hepatic tissue [26].

The malonaldehyde (MDA) enzyme is a biological marker 
to evaluate the degree of lipid peroxidation in biological 
tissues, during oxidative tissue damage. AAS treatment 
caused an elevation in serum MDA level that supports 
Petrovic A, et al. [18,34] findings. This is because AAS has 
the ability to permeate the blood into the hepatocytes by 
binding with androgenic receptors Niedfeldt MW [14] 
gain access into the nucleus to act on the DNA and activate 
cascade reaction linked with the production of ROS that 
alters normal mitochondrial function Petrovic A [18] that 
activates oxidative stress in the hepatic tissues through AAS 
mediated oxidative stress Solimini R, et al. [17,44] mentioned 
that activation of the ARs in liver cells may increase ROS 
leading to hepatic cell degeneration seen in AAS induced 
hepatotoxicity, also similar report in testis which expresses 
Behairy A, et al. [34] that mediated oxidative tissue damage.

There was no significance increase in MDA activity in 
the olive oil treatment group since it is a polyunsaturated 
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fat that inhibit lipid peroxidation in cells41. Olive oil is a good 
antioxidant that potentiate mobbing off of generated ROS 
that di [45].

The AAS withdrawal study group caused a marked 
reduction in MDA activity associated with a decrease in lipid 
peroxidation due to withdrawal from AAS treatment, this 
is linked to the absence of circulating AAS metabolites in 
the blood stream to bind to ARs to activate oxidative tissue 
damage and liver injury via lipid peroxidation Behairy A, 
et al. [34] Superoxide dismutase (SOD) protects against 
oxidative tissue damage. Our findings reveal that AAS results 
in a reduction in endogenous SOD synthesis, which implies 
a decline in its production and effectiveness in clearing 
ROS which resulted in the reported elevation of MDA with 
corresponding disruptions of liver cell integrity seen in the 
elevation of AST and ALT, in this present study. Hence, AAS 
prevents synthesis of endogenous SOD El-Rahman GIA, et 
al. [26], resulting in disruption of redox signaling and the 
role of SOD to detoxify intracellular reactive oxygen species 
(ROS) [25]. SOD activity increased in Olive oil group and 
AAS withdrawal group, this is because olive oil as a fatty 
acid prevents generation of ROS and induce endogenous 
synthesis of SOD while AAS withdrawal help to revival 
physiologic function of hepatocytes to metabolize and 
synthesis endogenous enzymes. This support reports by 
Mohamed WA, et al. [25-27] on the roles of endogenous and 
exogenous antioxidant as prophylactic or therapeutic agents 
against oxidative tissue damage.

The histopathological demonstrated of liver tissue using 
H and E, PAS and Reticulin stain showed that AAS induces 
liver damaged histological demonstration using H and E stain 
shows presence of an increase in infiltration of hepatic tissue 
by neutrophils, lymphocytes, and eosinophils and ground 
glass appearance of hepatocytes which correlates with Bond, 
et al. [16] and Niedfeldt MW [14] reports. This change is 
supported by elevation of AST, ALT and MDA with decline 
in SOD. Furthermore, there was loss of mucin granules 
and glycogen granules depicting loss of liver function to 
temporary store glycogen. Reticulin fibers were also loss. 
These histopathological features support early reports 
Albano GD, et al. [2,17] associated with AR expression and 
it’s in the hepatic cells, acting on the DNA and activating 
some chain reaction linked with generation of ROS that 
target the mitochondria Petrovic A, et al. [18,34] leading to 
generation of ROS that disrupts structural integrity of DNA, 
proteins and lipids in the liver Petrovic A, et al. [18] thereby 
altering liver function and structural integrity. However, 
the olive oil and AAS withdrawal has preserved liver tissue 
linked to antioxidant enzymes activities as previously 
discussed associated with preserved liver tissue cellular 
integrity, decline in AST, ALT, MDA and increase in SOD. The 

linked between oxidative stress and DNA dysfunction has 
been well reported in AAS through androgen receptors (AR) 
binding Petrovic A, et al. [18,21,34]. In fact, oxidative stress 
is implicated in the pathogenesis of wide range of disease the 
affect the liver heart and other tissues and this is associated 
with an increase in ROS availability is also linked to DNA 
damage34. These present results show that AAS caused 
significant rise in serum ALT, AST, and MDA levels while 
decreasing the serum level of antioxidant enzyme-SOD and 
distinct histopathological perturbations of the liver tissues 
of AAS treated rats, this supports report made by Behairy 
A [34]. The mechanism by which AAS withdrawal group 
reduces AAS induced hepatic dysfunction is based on the 
fact the abstinence from AAS resulted in a gradual buildup 
of the endogenous antioxidant enzyme demonstrated by 
an elevation of serum SOD activity which mobs off ROS 
generated by AAS thereby reducing lipid peroxidation seen 
in a decline in serum MDA activity Behairy A, et al. [34,33], 
this report of decline in toxicity and normalizing of liver 
function enzymes following withdrawal from AAS intake 
supports reports made by Petrovic, et al. [18]. Serum activity 
of SOD, decreased in AAS animals as compared with the 
control, olive oil and AAS withdrawal groups [34].

Conclusions

AAS mediates hepatocellular tissue damage attributed 
to a perturbed redox system that results in a reduction 
in endogenous antioxidant (SOD) production linked to 
loss of hepatocellular function and membrane integrity 
demonstrated in an elevation of AST and ALT associated 
with disruption of the normal histoarchitecture of the liver 
(hepatocellular necrosis); distortion in the hepatocytes, 
decrease in glycogen granules and loss of reticulin for 
membrane integrity, these characteristics were reversed 
in AAS withdrawal or abstinence giving room for recovery 
associated with cellular regeneration and endogenous 
synthesis of SOD for hepato- protective role against 
circulating ROS.
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