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Original article 

Deleterious effect of nandrolone decanoate on the liver of adult 

male albino rats and the possible ameliorating role of taurine 

Rasha. A. Agaga1 , Mohammed Sabry1* , Nehal. A. Amer1 . 
1- Human Anatomy and Embryology department, Faculty of medicine, Zagazig university, Egypt

Introduction

Anabolic-androgenic steroids (AAS) are 

substances that are derived synthetically from 

testosterone (Tugyan et al., 2013).  Nandrolone is 

commonly used anabolic androgenic steroid 

because of its androgenic capability associated with 

its excellent anabolic properties (Andreato et al., 

2013).  Nandrolone belongs to the class II of (AAS) 

which is composed of 19-nor-testerone-derivatives ( 

P Busardo et al., 2015). 

These steroids can be used for treating 

conditions resulting from steroid deficiency, such as 

delayed puberty & hypogonadism and other 

diseases, for example, bone mineralization, failure 
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m
A B S T R A C T 

Background:  Nandrolone decanoate (NDD) is a widely used anabolic androgenic 

steroid as it exhibits androgen-like properties, anabolic effects, and liver-damaging 

effects. The study's aim is to assess the hepatotoxic damage caused by NDD in adult 

male albino rats and to elucidate any potential protective effect of taurine in the 

reduction of this damage.  Thirty adult male albino rats were used in this study and 

were randomly divided into three groups:  Control group consisted of 10 rats that 

did not receive any treatment and received only good diet for 8 weeks. Nandralone 

treated (NDD) group: contained 10 rats were injected intramuscularly (by 

Nandrolone decanoate (5mg/kg B.w) twice / week for 8 weeks.   NDD+Taurine 

group: consisted of 10 rats that had received Nandrolone decanoate by intramuscular 

injection at a dose of 5mg/kg body weight twice a week for 8 weeks and Taurine by 

oral gavage at a dose of 100mg/kg body weight every day for 8 weeks The hepatic 

cells in the NAD-treated group had harmful changes, including dilated, obstructed 

central and portal veins, a proliferating bile duct, enlarged collagen fibers, and a 

robust response to caspase 3 and alpha smooth actin. While the NDD+Taurine group 

showed  moderate improvement in general architecture of the liver . Conclusion: 

The study verified the protective effect of Taurine administration on Nandrolone 

induced hepatic damage. 

https://creativecommons.org/licenses/by/4.0/
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of bone marrow and wasting of muscle (Turillazzi et 

al., 2016). 

 Nowadays, it is commonly used by 

athletes, bodybuilders, and weightlifters in order to 

increase their physical performance and also the 

muscle bulk due to its beneficial properties such as 

tissue building properties (Ali et al., 2018).  

 It was found that AAS abusers use these 

substances for giving them a sensation of being 

brave and heros.  It has been noted that AAS has 

many behavioral alterations effects like delusions, 

mania, rage and violence causing vicious crimes. 

(Ahmed and El-Awdan ,  2015). 

 Many scientists recorded many damaging 

effects of abusing these anabolic drugs that include 

cardiovascular disorders causing sudden death, 

acute hepatic inflammation, jaundice, renal 

disorders and injury of the testes with subsequent in 

fertility, increased blood pressure, and behavioral 

affections (AL-Kennany and Al-Hamady, 2014). 

  The accepted dose of nandrolone 

decanoate is about 50–100 mg every month. but the 

abusers take doses about 10–100 times over than the 

above-mentioned doses (Novaes Gomes et al., 

2014). The mechanisms that are involved in 

nandrolone decanoate behavioral changes are 

oxidative damage, inflammation, disturbance in 

neurotransmitters and apoptosis of neurons (Pieretti 

et al., 2013; Tanehkar et al., 2013; Rainer et al., 

2014). 

Taurine is a free amino acid inside the cells, 

present in high concentrations in the brain of 

mammals and can be ingested mainly from sea foods 

(Suárez et al., 2016). 

  Taurine is a beta amino acid synthesized 

from cysteine and methionine. It has several many 

good physiological properties, including 

antioxidation, detoxification, stabilization of the cell 

membrane and calcium homeostasis (El-Maraghi et 

al., 2018). 

Additionally, it has an anti-apoptic effect 

and exerts many protective effects on several body 

organs against heavy metal or drug induced toxicity 

(Isaac, 2019).  

2. MATERIALS AND METHODS 

2.1. Ethical declaration 

The Institutional Animal Care and Use 

Committee of Zagazig University accepted the rat 

experiments (approval no: (ZU-

IACUC/3/F/420/2022)). The guidelines outlined in 

the Guidelines for the Care and Use of Laboratory 

Animals were followed by all maneuvers. All the 

experiments and animal procedures followed the 

ARRIVE guidelines (Kilkenny et al.,2010), the UK 

Animals Scientific Procedures, the Guide for the 

Use and Care of Laboratory Animals (Clark et 

al.,1997). 

2.2. Chemicals and drugs 

We pruchased Nandrolone Decanoate 

which  has the trade name (Deca-Durabolin) from an 

Organon company in the form of ampoule 25 mg 

and Taurine from Sigma Chem.Com.,St .Louis, 

Mo.U.S.A 

 2.3. Experimental Animals 

Thirty male Albino rats were accustomed 

for a week before being randomly divided into 3 

groups (n = 10). The rodents were housed in the 

Creature House, Personnel of medication Zagazig 

College, with admittance to food and water not 

obligatory. Temperature (24 1 °C), relative humidity 

(55  5 %), ventilation frequency (18 times per hour), 

and a 12-hour light/dark cycle were all maintained 

in the housing. The rats were kept in plastic cages 

with soft chip bedding and four rats per cage. All 

through the examination, the wood chips were 

reestablished at regular intervals. Every day, the rats' 

health was monitored. The researchers took every 

precaution to prevent pain or discomfort.  

2.4. Experimental Design 

Thirty rats were randomly classified into 

three groups, Control group: consisted of 10 rats that 

did not receive any treatment and received only 

good diet for 8 weeks. ND group: consisted of 10 

rats injected intramuscularly by Nandrolone 

decanoate (5mg/kg B.w) twice / week for 8 weeks 

(Tugyan et al., 2013) & (Isaac, 2019). ND+ Taurine 

group: This group consisted of 10 rats injected 

intramuscularly by Nandrolone decanoate at a dose 

of 5mg/kg body weight twice /week for 8 weeks and 

administered Taurine by oral gavage at a dose of 

100mg/kg body weight every day for 8 weeks 

(Isaac, 2019). At the end of the experimental period, 

intra-peritoneal injection of 100 mg of thiopental for 

anaesthetization of the rats in all groups prior to 

scarification. Each rat underwent a laparotomy, and 

the liver specimens were thoroughly removed and 

prepared for histological analysis. 

2.5.  Histological analysis by Light 

microscopic examination: 

The liver tissue samples of different groups 

were immersed in formaline neutral buffered 
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solution 10⁒ and later on the tissue were processed 

for paraffin wax ,the sections were prepared and 

stained with  Haematoxylin and eosin stain (H&E) 

(Bancroft et al .,2008), Mallory trichrome stain 

(prophet et al., 1992) and PAS stain (McMANUS., 

1946) and the slides were examined by light 

microscope at Anatomy department ,faculty of 

medicine zagazig university 

2.6.   Immunohistochemical stains:  

 Sections were deparaffinized in xylene 

and then dehydrated using ethanol at various ethanol 

concentrations. The sections were cooked in 0.01 

mol/L citrate buffer in a microwave pressure cooker 

for 20 minutes after endogenous peroxidase activity 

had been blocked with 3% hydrogen peroxide for 15 

minutes. Normal horse serum was used to prevent 

non-specific binding for 20 minutes at room 

temperature after the slides had cooled to that 

temperature. For an additional 30 minutes, the 

sections were treated with anti-Caspase-3 and anti-

alpha smooth actin antibodies. The sections will 

then be stained with avidin-biotin complex (ABC), 

and ABC chromogen will be used to show where the 

binding sites are. Between each step, phosphate 

buffered saline was used to rinse, and at the end, 

Mayer's hematoxylin was used to counterstain all 

sections. The packages came from DAKO Life 

Trade Egypt (sc-56, lab vision, clone PC-10, Santa 

Cruz Biotechnology Inc., Santa Cruz, USA). (Van 

Noorden, 1990): 

2.7.  Histo-morphometrical analysis 

Morphometric examination was done on 

every rat in each group. After immunostaining with 

the anti-caspase and anti- sma antibodies, perceptive 

fields across the images captured by the light 

microscope at 400× amplification were select to 

evaluate the % area of caspase-3 and α-SMA 

positive in the hepatic tissues from 10 rats/group. 

Furthermore, the % area of Mallory's trichrome-

positive area and PAS positive area were likewise 

determined in the captured fields from the 10 rats 

/group. Image J analysis software (Fiji image j; 1.51 

n, NIH, USA) was used at Human Anatomy and 

Embryology Department, Zagazig University. 

(Jensen, 2013).  

2.8. Statistical analysis: 

Numbers are provided as means standard 

deviation. All statistical analysis was performed 

using SPSS.19. One-way ANOVA was used to 

examine the data, and Tukey's post hoc multiple 

comparisons test was used to compare the groups. 

Statistics were considered significant for values with 

p ≤ 0•05 (Field, 2013). 

3.  Results 

3.1. Histopathological results for Hematoxylin 

and eosin (H&E) stained sections: 

Control group of liver slices stained with 

H&E shows that the majority of hepatocytes have 

cytoplasm that is acidophilic and vesicular nuclei. 

There are a few binucleated hepatocytes. Radiating 

hepatic cords emerging from the central vein could 

be observed (fig.1.A1). The Portal area shows 

normal portal vein and bile duct with cuboidal lining 

epithelium. Blood sinusoids are present in between 

hepatic cords (fig1.B1). 

While the NDD group shows 

hepatocellular alterations and a significant alteration 

of the usual hepatic organization. It is also common 

to see hepatocytes with darkly colored nuclei and 

vacuolated cytoplasm. Dilated central vein showing 

discontinuity of endothelium within of central vein 

lumen (fig.1.A2). The portal region displayed a 

dilated, congested portal vein, along with apparent 

wall thickening and infiltration of mononuclear cells 

also there is newly formed bile ductile (fig1.B2). 

Comparing the H&E-stained liver sections 

of the NDD + taurine group to those seen in the 

NDD group, there was some improvement. While 

some hepatocytes have darkly stained nuclei, the 

majority of hepatocytes have vesicular nuclei with 

acidophilic cytoplasm originating from seemingly 

normal central veins. A few hepatocytes have two 

nuclei. The endothelial lining of the hepatic cords 

and the hepatic sinusoids looked to be 

intact(fig.1.A3). The bile duct, arteriole, and portal 

vein are all in normal condition. The vesicular nuclei 

of the majority of hepatocytes contained acidophilic 

cytoplasm. Other hepatocytes have nuclei that are 

heavily pigmented (fig1.B3).  

3.2. Histological results of collagen fibers using 

PAS stain  

PAS-stained sections from the control 

group reveal abundant glycogen that caused robust 

positive PAS reactions in the cytoplasm and cell 

membranes of the hepatic cells (Fig.2.A). Owing to 

a lack of glycogen, the cytoplasm and cell 

membranes of the NDD treated group's hepatocytes 

show faint positive PAS reactions (Fig.2.B).  While 

the ND + taurine group shows moderate reaction 

(Fig.2.C). 

3.3. Histological results of liver fibrosis using 

Mallory trichrome   
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Mallory Trichrome-stained liver slices 

from the control group show the lining of blood 

sinusoids and a little quantity of blue colored stained 

collagen fibers around the central and portal veins 

(Fig3 A&B). In contrast to the NDD treated group 

that demonstrates substantial collagen fiber around 

the central veins, blood sinusoids and portal area 

(Fig3 C&D). While NDD+ taurine group shows few 

depositions of collagen fibers around the central 

veins, blood sinusoids and portal area. This group 

showed marked improvement and appears like a 

control group (Fig3 E&F). 

3.4. Immunohistochemical results of Alpha 

smooth muscle actin immunostaining. 

Immunohistochemical stained sections of 

control groups reveal negative reactions for α SMA 

in the wall of sinusoids, central and portal veins 

(Fig4A).                                                                         

While sections of NDD treated groups 

reveal strong positive reactions (Fig4B). The NDD+ 

taurine group reveals moderately positive reactions 

(Fig4C). 

3.5. Immunohistochemical results of caspase 

3 immunostaining. 

Immunohistochemical stained sections of 

control groups reveals negative cytoplasmic 

responses for caspase 3 in hepatocytes (Fig 5A) and 

strong positive cytoplasmic responses for caspase 3 

in hepatocytes of NDD treated group (Fig 5B). 

While hepatocytes from the NDD + taurine group 

display faint positive cytoplasmic responses for 

caspase 3 (Fig 5C). 

3.6. Morphometric results in different 

studied groups: 

When compared to the control group, NDD 

treated group had a significantly higher area 

percentage of collagen fibers. Although it was 

significantly lower in NDD + taurine group than in 

NDD group, it was still higher than in the control 

group (Fig 3 G). 

Comparing NDD treated group to the 

control group reveals a considerably higher area 

percentage of immunological response to α SMA. 

Although it was significantly lower in NDD + 

taurine than in NDD treated group, it was still higher 

than in the control group (Fig 4D). 

Comparing NDD treated group to the 

control group reveals a considerably higher area 

percentage of the immunological response to 

caspase 3. Although it was significantly lower in 

NDD + taurine group than in NDD group, it was still 

higher than in the control group (Fig 5D). 
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Figure 1. Representative images of H&E-stained  sections of rat liver tissues of different experimental groups. 

control (A1 &B1), NDD treated (A2&B2) and NDD + taurine (A3&B3) groups. A1:  most hepatocytes (h) with 

vesicular nuclei and acidophilic cytoplasm. Some binucleated hepatocytes (arrowhead) are present. Hepatic cords 

radiating from normal central vein (cv). Hepatic sinusoids(s) appear narrow, radiating between hepatic cords with 

intact endothelial lining. B1: Portal area shows normal portal vein (p)  and bile duct with cuboidal   lining 

epithelium. Some binucleated hepatocytes (arrowhead) are present. Normal blood sinusoids (s) in between hepatic 

cords. A2: shows a massive change of the normal hepatic arrangement and hepatocellular changes. Most 

Hepatocytes (h) with darkly stained  nuclei and vacuolated cytoplasm (v) is observed . Dilated central vein (cv) 

with discontinuity of its endothelium (curved arrow) inside lumen of central vein. B2: The portal area showed 

dilated congested portal vein (p) with apparent thickening of its wall (straight arrow) and mononuclear cellular 

infiltration(curved arrows). Newly fomed bile ductules (bd). Most Hepatocytes (h) with dark stained  nuclei and 

vacuolated cytoplasm (v) are observed. A3: shows some improvement in comparison to that observed in  the 

treated group. Most hepatocytes (h) had vesicular nuclei with  acidophilic cytoplasm radiating from apparently 

normal central vein (cv) while other hepatocytes have  dark nuclei (arrow head). Some hepatocytes are 

binucleated( tailed arrow). Hepatic sinusoids (s) appeared narrow, radiating  between hepatic cords with intact 

endothelial lining. B3: Portal area shows normal portal vein(p) , bile duct and arteriole (a). Most hepatocytes (h) 

had vesicular nuclei with  acidophilic cytoplasm. Some other hepatocytes have darkly stained nuclei (arrow head). 

Some hepatocytes are binucleated( tailed arrow).  Scale bar = 50 μm, H&E x400 
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Figure 2. Representative images of PSA-stained sections of liver among the different experimental groups. 

Control (A), NDD treated (B) and NDD + taurine (C) groups. A: reveals strong positive PAS reactions (tailed 

arrows) in the cytoplasm and cell membranes of hepatocytes. B:  reveals weak positive PAS reactions (tailed 

arrows). C:  reveals positive PAS reaction (tailed arrows) in the cytoplasm and cell membranes of hepatocytes. 

Scale bar = 50 μm, PAS x400. 
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Figure 3.  Representative images of Mallory's Trichrome stained sections of liver among the different 

experimental groups, control ( A&B) , NDD treated (C&D) and NDD 

+ taurine (E&F) groups. A: scanty amount of  blue colored stained collagen fibers(curved arrow) around the 

central vein (cv) , the lining of blood sinusoids. B: reveals few blue colored stained collagen fibers (curved arrow) 

in the portal area(p).  C: shows extensive deposition of collagen fibers (curved arrow) around the central veins 

and blood sinusoids. D:  reveal extensive blue colored stained collagen fibers (curved arrow) in the portal area(p). 

E: shows moderate deposition of collagen fibers around the central veins(cv) and blood sinusoids(s). F: reveal e 

moderate blue colored stained collagen fibers (curved arrow) in the portal area(p) and blood sinusoids(s). Scale 

bar = 50 μm, Mallory's Trichrome x400 G: Bar chart for area percent of collagen fibers in different experimental 

group showing significant elevation of area percent of collagen (x400)  in ND treated group as compared to 

control group at (p < 0.05) using One-way ANOVA and Tukey's post hoc multiple comparisons test.   
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Figure 4. Representative images of sections of rat liver showing α SMA immunoreactivity in the different 

experimental groups (A) control , (B) NDD treated and (C) NDD + Taurine groups. A: shows negative immune 

reaction for α SMA in the wall of central vein (arrows). B: shows strong immune reaction to α SMA in the wall 

of central vein and portal vein (arrows). C: shows moderate immune reaction to α SMA positivity in the wall of 

portal vein (arrows). Scale bar = 50 μm, α SMA x400. (D) Bar chart representing the analysis of the area % α 

SMA expression of the three different experimental groups indicating significant increase in the expression of 

area % α SMA (x400)  in ND treated group as compared to control group at (p < 0.05) using One-way ANOVA 

and Tukey's post hoc multiple comparisons test. 

Fig 5. Representative images of sections of rat liver showing caspase-3 immunoreactivity in the different 

experimental groups (A) control group, (B) NDD treated and (C) NDD+ Taurine groups. A: reveals negative 

cytoplasmic responses for caspase 3 in hepatocytes (arrows). B: reveals strong positive cytoplasmic responses for 

caspase 3 in hepatocytes (arrows). C: reveals faint positive cytoplasmic responses for caspase 3 in hepatocytes 

(arrows). Scale bar = 50 μm, caspase 3 x400. (D) Bar chart representing the analysis of the area % caspase-3 

expression (x400) of the three different experimental groups indicating significant increase in the expression of 

area % of caspase 3 immune reaction in ND treated group as compared to control group at (p < 0.05) using One-

way ANOVA and Tukey's post hoc multiple comparisons test.. 
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Discussion 

The liver plays a critical role in detoxifying 

various medications, such as barbiturates, steroids, 

and many industrial solvents. Due to its high 

functional reserve, hepatic tissues can sustain 

significant damage before signs of failure become 

apparent (Isenberg et al., 2000). 

Albino rats are commonly used as an 

experimental model in this study due to their ease of 

breeding and maintenance. They also provide a 

convenient and straightforward means of assessing 

the effects of pollutants (Bouaziz et al., 2005). 

Furthermore, the liver histology of rats is similar to 

that of humans, making them an appropriate animal 

model for investigating the liver's structure and 

function (Baratta et al., 2009). 

The histological examination of the control 

group's liver tissue revealed a lobular structure 

consisting of hepatic cords that emanate from the 

central vein. The hepatic cords comprise polygonal 

hepatocytes with acidophilic cytoplasm and rounded 

vesicular nuclei, with a significant number of cells 

having two nuclei. The hepatic cords are separated 

by blood sinusoids, while portal triads are present at 

the lobule's perimeter, with the central vein located 

at the core of the hepatic lobule. The portal triads 

consist of hepatic artery branches, portal veins, and 

intrahepatic bile ducts. These observations are 

consistent with the findings of previous studies by 

Apte et al. (2007) and Baratta et al. (2009). 

In the NDD treated group, hematoxylin and 

eosin-stained sections revealed several histological 

changes, such as disrupted normal hepatic 

architecture and numerous hepatocytes with 

cytoplasmic vacuolization. These findings are 

similar to those reported by Seacat et al. (2003), who 

observed enlarged hepatocytes with vacuolated 

cytoplasm. 

 sherlock and dooly (2002) reported that 

cytoplasmic vacuolation is an essential initial 

response to various forms of cellular damage. It 

occurs due to increased intracellular water resulting 

from elevated cell membrane permeability. Other 

potential causes of this vaculation include hypoxia, 

lipid accumulation in the cells and ischemia. 

Additionally, Gutowska et al.(2011) suggested that 

macrophages with numerous lipid droplets maybe 

responsible for the occurrence of vacuolated cells.  

Furthermore, in the group treated with 

NDD, some hepatocytes exhibited darkly colored 

nuclei. Taylor et al. (2008) reported that hyper-

chromatic nuclei are a degenerative change that 

indicates apoptosis. This finding is consistent with 

their research. 

The histological examination of 

Hematoxylin and Eosin-stained sections from the 

NDD group in this study revealed congested central 

veins, dilated portal veins, and blood sinusoids. In 

addition, infiltration of cells was observed at the 

portal. Hu et al. (2013) suggested that portal 

hypertension might have caused the central and 

portal vein congestion and dilation. On the other 

hand, Puche et al. (2013) proposed that the 

activation of nearby blood sinusoids, which have 

contractile properties, resulted in sinusoidal 

dilatation. 

Inflammatory cellular infiltration around 

the portal and central veins is caused by oxidative 

stress, which triggers the production of 

inflammatory mediators (Rahman & Macnee, 

2000). 

The NDD-treated group in the current 

study exhibited bile duct proliferation. Richardson 

et al. (2007) reported that ductular reactions, which 

manifest as the formation of numerous structures 

resembling bile ducts in the portal area, are 

considered proliferative responses to various types 

of hepatic injury in all humans. 

Micalopoulos et al. (2005) suggested that 

either the proliferative effect of bile salts' stasis on 

epithelial cells or the trans-differentiation of liver 

cells into biliary cells may contribute to bile duct 

proliferation. However, according to Roskams et al. 

(2004) and Alvaro et al. (2007), this cellular 

transformation could be triggered by the activation 

of hepatic stem cells, bile duct cell proliferation, or 

ductular metaplasia of mature liver cells. 

A comparison of the hepatic structure 

between the NDD+ taurine-treated group and the 

NDD-treated group in the current study, using 

hematoxylin and eosin-stained sections, revealed an 

improvement in the former group. While some 

hepatocytes had apoptotic black nuclei, others had 

vesicular nuclei and acidophilic cytoplasm. The 

central vein was congested and dilated. Moreover, 

the portal area exhibited a significantly reduced 

level of cellular infiltration compared to the NDD-

treated group. These findings are consistent with 

those reported by Zou et al. (2015).p 

Microscopic analysis of the liver in the 

NDD + taurine-treated group revealed the presence 

of binucleated cells. Munglang et al. (2009) 

suggested that degraded cells may induce the 

formation of binucleated hepatocytes. Binucleation 
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is considered a form of chromosomal hyperplasia 

resulting from cellular damage (Saud Alarifi et al., 

2013). 

Immune-staining of caspase-3 in the 

cytoplasm of hepatocytes from the control group's 

liver slices showed negative reactions. This finding 

is consistent with the results reported by Zhou et al. 

(2001). 

Liver slices from rats treated with NDD 

showed a significantly high positive response in the 

cytoplasm of liver cells when immunostained with 

caspase-3. These results are consistent with those 

reported by Soldani and Scovassi (2002), who 

suggested that reactive oxygen species (ROS) are a 

significant apoptotic signal. Zhang et al. (2003) 

further explained that the generation of excessive 

oxidative stress may stimulate the extrinsic or 

intrinsic pathways of apoptosis, leading to the 

activation of the caspase pathway for apoptosis, 

ultimately resulting in caspase 3 activation 

(Guicciardi & Gores, 2005). 

The positive periodic acid-Schiff (PAS) 

responses in the cytoplasm and cell membranes of 

hepatocytes in the control groups indicated that a 

significant amount of glycogen is present in normal 

liver tissues. This finding is consistent with the 

findings of  Abu-Dief et al. (2015). 

In the current study, Mallory staining was 

employed to detect collagen fibers in the portal and 

central veins of liver slices from all control groups. 

These findings are consistent with the research 

conducted by Ali et al. (2015) and Alshawash et al. 

(2011). 

Liver slices from all control groups in the 

current study showed negative cytoplasmic 

reactions for caspase 3 in the hepatocytes due to a 

decrease in apoptotic cells in healthy hepatic tissue. 

These results are consistent with the research 

conducted by Zhou et al. (2001) and El Kalawy et 

al. (2017). 

      In the current study, the NDD-

treated group exhibited a mild periodic acid-Schiff 

(PAS) reaction due to the depletion of glycogen 

granules. These findings are consistent with those 

reported by Sakr et al. (2004), who suggested that 

the decrease in carbohydrates was a result of the 

liver being under more pressure, leading to higher 

energy consumption. 

Taurine is a major free intracellular amino 

acid in humans. In the presence of vitamin B6, 

cysteine and methionine can be converted to taurine 

in the liver. Taurine is also present in meat and 

shellfish (Lourenco and Camilo, 2002). 

Various transporters facilitate the uptake 

and absorption of taurine in the small intestine 

before it can enter cells and tissues (Miyazaki and 

Matsuzaki, 2014). 

The liver is a target organ for the effects of 

taurine. Taurine has been shown to increase bile acid 

production, prevent hepatic stellate cell growth, and 

reduce oxidative stress and liver fibrogenesis 

(Miyazaki et al., 2019). Reduced dietary taurine 

intake can lead to significant liver dysfunction, 

fibrosis, and mitochondrial dysfunction (Warskulat 

et al., 2006). Recent studies have demonstrated that 

taurine can protect against a range of drugs that are 

oxidized by cytochrome P450 2E1 (Schaffer et al., 

2014). 

Taurine's protective effects on the liver can 

be attributed to its anti-oxidative, anti-

inflammatory, and membrane-stabilizing properties. 

Taurine has been shown to reduce transaminases 

and inflammatory cytokines, increase liver proteins, 

and activate antioxidant defense mechanisms 

(Miyazaki et al., 2019; Miyazaki and Matsuzaki, 

2014; Niknahad et al., 2017). 

Taurine has been shown to reduce the 

production of fibrogenic mediators in mice with iron 

overload-induced liver fibrosis. A 40% increase in 

hepatic taurine levels was found to improve liver 

function. Taurine's ability to reduce inflammatory 

mediator levels and improve oxidative stress 

appears to contribute to the improvement in hepatic 

fibrosis (Zhang et al., 2014; Gabr et al., 2019). 

Taurine has been shown to possess 

protective properties against various drugs and 

toxins, according to Elham Nikkhah et al. (2021) 

who reported that taurine can reduce free radicals 

and suppress cytochrome P450 2E1 activity. 

However, the lack of human and clinical data 

remains a barrier to the use of taurine as a novel 

therapeutic. 

Conclusion 

Collectively, our outcomes detected a light 

on the potential relieving effect of Taurine on the 

hepatic damage induced by NDD through its 

antiapoptotic and anti-fibrotic effects. As a result, 

it's possible that the taurine could be used as a new 

adjuvant in the prevention strategy in the athletics 

used NDD. 
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