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Abstract
Background and Objective: Nandrolone and whey protein are used as supplementary food and athletic food. The aim of this study was
to evaluate the possible histological and ultrastructural alterations in the liver of adult rats after treatment of the anabolic androgenic
steroids (Nandrolone decanoate) and whey protein. Materials and Methods: Twenty  eight  Wistar  Albino  male  rats  were  used  in  the 
present study  divided  into  4  groups:  Control  group  received  0.5  mL  of  saline  solution  by  oral,  Nandrolone  group  injected 
intramuscular (10 mg kgG1 b.wt./week for 3 months), whey protein group treated by oral (5 mg kgG1 b.wt./week for 3 months) and
Nandrolone and whey protein group. At the end of the experimentation, all the rats were sacrificed and liver samples were processed
for histological and ultrastructural examination. Haematoxylin and eosin stains for general histological examination and Mallory trichrome
stain for collagen fibers. Results: Light microscopy examination of the liver of the nandrolone group showed bleeding and widening of
the blood sinusoids. Degeneration, vacuolation, coagulative necrosis and pyknotic nuclei were observed. In addition, increased collagen
fibers were detected. Whey protein group showed more or less normal hepatocytes, blood sinusoids and collagen fibers. The nandrolone
and whey protein group illustrated normal appearance of hepatocytes with vacuolation in some of the hepatocytes and normal blood
sinusoids and collagen fibers were noticed. Electron microscopic examination of the nandrolone group showed depletion of the nuclear
chromatin, damaged mitochondria, increased of lysosomes, some lipid droplets, damaged blood sinusoids and space of Disse and
increased of Kupffer cells, whereas the whey protein group appeared normal. The nandrolone and whey protein group showed well
developed hepatocytes, regular space of Disse and normal hepatic sinusoids. Conclusions: Whey protein may be ameliorate the hepatic
architecture after treatment with nandrolone.
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INTRODUCTION

Nandrolone is one of the most used anabolic-androgenic
steroids (AAS) and has been used for treating patients
suffering  from  growth  retardation1.  It  was  reported  that
AAS  is  a  synthetic  substance  related  to  the  male  sex
hormones (androgens) that promote growth of skeletal
muscle and the development of male sexual characteristics2.
The AAS are used in medical clinics to improve physical
performance of individuals subjected to physical training3.

These drugs have displayed great effects on the protein-
building properties of the body, but their clinical use has been
quite limited4,5. Additionally, AAS may play a significant role in
clinical situations, such as HIV-related muscle wasting, severe
burn injury, trauma following surgery, neuromuscular
disorders and malnutrition due to alcoholic cirrhosis5.

Undesirable side effects have been demonstrated after
short- and long-term AAS treatment. The most affected organ
is the liver, which displayed alterations related to AAS6,7.

Moreover, AAS modulation of hydroxylase activity can
cause hypercalcaemia in men8. In addition, the hepatotoxicity
is the most common side effect of AAS9.

Likewise, AAS-induced jaundice, cholestasis, hepatic
adenomas, hepatitis, hepatocellular necrosis, liver cysts,7-10-12

peliosis hepatis and hepatocellular carcinoma13,14 are common
side effects of AAS. Moreover, toxicant-associated fatty liver
disease (TAFLD), non-alcoholic steatohepatitis, cirrhosis,
hepatocellular carcinoma and steatosis are caused by abuse of
AAS15.

Whey Protein (WP) is the milk serum protein defined as
substances that remain soluble in milk serum16. During cheese
production, milk serum proteins are naturally formed17,18 and
represent  approximately  20%  of  all  the  protein  in  milk19.
Whey protein containing supplements for the anabolic
process in resistance training have been supported by several
investigations20.

Pacheco et al.21 and Bowen et al.22 mentioned that
building and repairing muscles can be affected by WP, which
has high concentrations of branched chain amino acids
(BCAAS) like valine, isoleucine and leucine. Milk serum proteins
do not clot in acidic conditions through the stomach and
quickly reach the jejunum. In a short time, they can be in the
digestion process and increase the plasma amino acid
concentration18-23.

In addition, Sousa et al.24 suggested that there is a
relationship between WP and hepatoprotective effects,
oxidative   stress   and   increased   resting   energy
expenditure. Moreover,  the  WP  exhibited  antioxidant  and 
anti-inflammatory markers and reduced the blood pressure.

Recent studies indicated that the milk proteins have
antioxidant properties released from peptides25,26. These
peptides are factored to inhibit scavengers of free radical, lipid
peroxidation and transition metal ions27-29. Moreover, WP has
hepatoprotective effects against liver injuries30.

The work was aimed to estimate the histological and
ultrastructural alterations in the liver of rats induced by
nandrolone decanoate (ND) as an AAS and evaluated the
protective effect of WP against AAS-induced hepatotoxicity in
rats.

MATERIALS AND METHODS

The chemicals: Nandrolone decanoate (Deca-Durabolin) is
available as an oily solution in ampoule. Each ampoule
contains 25 mg mLG1 of the active ingredient. The ND is
manufactured by the Nile Company for Pharmaceuticals and
Chemical Industries, Cairo, A.R.E.® under license of
N.V.Organon-OSS-Holland. The drug was intramuscular
injected at a dose of 10 mg kgG1 b.wt./week for 3 months31,32.
Whey protein 100% gold standard whey protein WP isolate
primary source powder 0.8 g kgG1/day/man according to
Brody33, National Academy34 and Tarnopolsky35. Whey protein
is manufactured by ON Company, USA®. The drug is dissolved
in distilled water and administrated orally by gastric tube at a
dose of 5 mg kgG1 b.wt./day for 3 months. The dose was
calculated according to Paget and Barnes36.

Experimental animals: Twenty eight male Wistar Albino rats
Rattus rattus were included in this study and carried out in the
Faculty of Science. Their weight ranged from 120-130 g.

Experimental design: The experimental animals were divided
into four groups of 7 rats. Every group were put in a separate
clean cage in a  clean  solution  of  saline  once  daily  orally  for
3 months. According to the guide lines of the Animal Ethics
Committee at Imam Abdulrahman Bin Faisal University and all
work was conducted with the formal approval of (number:
IRB-2016-10-086), the animals were kept in well- aired room.
The animals were allowed to get water and maintained on a
standard pellet:

C Group 1 (G1): The control group consisted of 7 rats. They
received  0.5  mL  saline  solution   once   daily    orally   for
3 months

C Group   2  (G2):  The  animals   received   Nandrolone   at
(10 mg kgG1 b.wt./week) as intramuscular (i.m) injection
for 3 months

263



Pak. J. Biol. Sci., 21 (6): 262-274, 2018

C Group 3 (G3): The animals of this group received whey
protein extract at (5 mg kgG1 b.wt.) daily orally by gavage
needles for 3 months

C Group  4  (G4):   The   animals   received   whey    protein
(5  mg  kgG1  b.wt.)  daily   orally   by   gavage   needles   for
6 weeks only. Continuously, the same treated animals
received Nandrolone (10 mg kgG1 b.wt./week) (i.m) for the
remaining 6 weeks

The animals were sacrificed after 12 weeks, liver
specimens were taken for the light and the transmission
electron microscopic investigations.

Light microscopic study: The specimens were immediately
fixed in 10% neutral buffered formalin. The fixed tissue was
then dehydrated, cleared and embedded in paraffin wax.
Sections of 5 µm thickness were stained with haematoxylin
and eosin37 and Mallory trichrome stain for collagen fibers
demonstration38. The sections were examined and
photographed with an Olympus system microscope.

Electron microscopic study: Specimens were cut into very
small pieces and fixed in 2.5 % glutaraldehyde and then fixed
in 1% osmium tetroxide, dehydrated, cleared and embedded
in Eponresin39. One  micrometer  thick  sections  were  cut  and
stained with 0.5% toluidine blue and examined by light
microscope.  Ultrathin  sections  were   cut   and   stained   with

uranyl  acetate  and  lead  citrate40  and  examined  by  JEOL
100 sec transmission electron microscope at Imam
Abdulrahman Bin Faisal University.

The study  experiment  is  done  at  2016-2017  and  taking
3 months to carried out.

RESULTS

Light microscopic results: Light microscopic examination of
liver sections stained with haematoxylin and eosin of the
control animal group showed the radial arrangement of
hepatocytes surrounding the central vein (Fig. 1a), the
hepatocytes characterised with large central highly
chromatolized nuclei (Fig. 1b) and blood sinusoids, portal
arteries and Kupffer cells were revealed (Fig.1a-c). The liver
sections treated with ND (10 mg kgG1 b.wt.) for 3 months
illustrated bleeding and widening of the blood sinusoids,
hydropic degeneration and cloudy swelling of hepatocytes
(Fig. 2a, b).  Some  sections  revealed  hyperactivity  of  the
Kupffer cells (Fig. 2c). In addition, a high degree of  the  cellular 
degeneration of the hepatocytes, vacuolation and distinct
coagulative   necrosis   of   the   hepatocytes   were    noticed
(Fig.  2d).

The group that was treated with 5 mg kgG1 b.wt., of WP
after 3 months showed more or less normal hepatocytes,
blood sinusoids and Kupffer cells (Fig. 3a-c).

Fig. 1(a-c): Liver tissue sections of control group (G1), (a) Radial arrangement of the hepatocytes (arrow) surrounding the central
vein (star). The blood sinusoids appear among the strands of the hepatocytes (double arrow) (H and E, X = 40), (b)
Hepatocytes with central chromatolized nuclei (arrow). The portal space appears with the bile ductule (double arrow),
Normal portal artery was revealed (arrow head). Active kupffer cells were demonstrated at the blood sinusoid (colored
arrow) (H and E, X = 40) and (c) Hepatocytes with central nuclei and well-developed chromatin (arrow). Normal blood
sinusoids (star) with active kupffer cells (double arrow) were observed (H and E, X = 100)
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Fig. 2(a-d): Liver tissue sections of Nandrolone (10 mg kgG1 b.wt.) treated group (G2), (a) Bleeding (arrow) and widening of the
blood  sinusoids (star). Also, cloudy swelling of hepatocytes (double arrow) was revealed (H and E, X = 40), (b)
Hydropic degeneration of the hepatocytes and pyknotic nuclei (arrow). Distinct widening of blood  sinusoids (star)
and active kupffer cells were noticed (double arrow) (H and E, X = 100), (c) Mild bleeding in the blood sinusoids
(arrow) with kupffer cells hyperactivity (arrow head) (H and E, X = 100) and (d) High degree of cellular degeneration
of the hepatocytes and vacuolation (star). Distinct coagulative necrosis of the hepatocytes is also shown (H  and  E,
X = 100)

Fig. 3(a-c): Liver tissue sections of whey protein (5 mg kgG1 b.wt.) treated group (G3), (a) Normal architecture of hepatic tissue
which illustrated the radially arranged hepatic strands with polygonal hepatocytes and centrally located nuclei (H and
E, X = 40), (b) Normal blood sinusoids with some mild widening (star). Hyperactive kupffer cells (arrow) are also shown
(H AND E, X = 40) and (c) Hepatocytes that show some cloudy swelling (arrow) and of some narrowing of the blood
sinusoids (star). Well developed chromatic nuclei (double arrow) are also shown (H and E, X = 100)
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Fig. 4(a-c): Liver tissue sections of Nandrolone followed by
whey protein treated group (G4), (a) Showing
more or less normal architecture and
improvement of the hepatic tissue. Normal central
vein and hepatic strands indicated. (H and E, X =
40), (b) Hyperactive kupffer cells (arrow) scattered
in the blood sinusoids. The blood sinusoids
apparent normally undilated (star). (H and E, X =
40) and (c) Normal appearance of the hepatocytes
with vesicular central nuclei and homogeneous
cytoplasm (arrow). Some hepatocyte displayed
slight cytoplasmic vacuolation (double arrow). (H
and E, X = 100)

The light  microscopic  examination  of  the  hepatic tissue
of rats treated with ND and WP showed the normal
appearance  of   hepatocytes.    Some   hepatocytes  displayed 

Fig. 5: Normal distribution of the collagen fibers of G1 were
demonstrated with blue coloration (Masson trichrome
X = 40)

Fig. 6(a-b): Increasing  collagen  fibers at the portal and
central  spaces  (arrow)  and   the   inner  lining of 
 the   blood   vessels   and   blood   sinusoids  in G2

slight cytoplasmic vacuolation. The blood sinusoids were
normal and Kupffer cells were hyperactive (Fig. 4a-c).

The examination of liver tissue sections stained with
Masson’s trichrome revealed homogeneous distribution of the
collagen fiber within the hepatocytes (Fig. 5). On the other
hand, the collagen fibers of the group that was treated with
ND showed a significant increase, especially at the portal
space, in the central region of the hepatic tissue and the inner
lining of the blood vessels (Fig. 6a, b). While  the  liver  sections
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Fig. 7: Mild  stained  hepatic  tissue  in  the  central  region  in
G3 (Masson trichrome, X = 40)

Fig. 8(a-b): Improvement in the distribution of fibers in G4
where the collagen fibers intensity and thickening
were appeared normal (Masson trichrome, X = 40)

treated with WP indicated mild stained hepatic tissue,
especially at the central region that surrounded the central
vein, the collagen fibers revealed a great degree of
improvement in the distribution of fibers (Fig. 7). However, 
the collagen fiber intensity and thickening appeared normal
in the group that was treated with ND and WP (Fig. 8a, b).

Ultrastructural results: Ultrastructural examination of the
liver tissue sections of the rats of Group 1 (control rats)
showed a hepatic cell with a large central nucleus and
prominent nucleolus, various mitochondria and cisternae of
the rough endoplasmic reticulum (RER). In addition, a Kupffer
cell exhibited a heterochromatic irregular nucleus. An
endothelial cell with an elongated nucleus surrounded with
small firm cytoplasm placed in the space of Disse was noticed
(Fig. 9a, c).

The transmission electron microscopic observations of
Group 2 sections showed signs of degeneration, such as
depletion of the nuclear chromatin, damaged mitochondria
and the appearance of some lipid droplets and malformed RER
were markedly observed (Fig.10a). Some pyknotic nuclei of
hepatocytes were also noticed (Fig. 10b) and the blood
sinusoids were damaged (Fig. 10b). The space of Disse
appeared damaged with the fragmented microvilli and
pyknotic nuclei of the endothelial cell (Fig. 10c). The Kupffer
cells increased at the malformed hepatic blood sinusoids (Fig.
10d). Bile canaliculi revealed irregular villi and an increase of
lysosomes and the intercellular junction displayed marked
alteration (Fig. 10e).

Tissue sections of Group 3 appeared normal. The
hepatocyte appeared with a large euchromatic nucleus,
various forms of mitochondria and many clusters of the RER.
In addition, the blood sinusoids appeared well developed and
were associated with a Kupffer cell and endothelial cell
(Fig.11a, b).

Examination of the tissue sections of the liver of group 4
showed a well-developed hepatocyte with normal nucleus,
homogeneous cytoplasm, various forms of mitochondria and
clusters of RER. In addition, the regular space of Disse with
characteristic unaltered microvilli was clearly observed. In
addition, normal hepatic sinusoids with improved endothelial
cells appeared (Fig. 12a-c).

DISCUSSION

The present study reported that the hepatocyte lesions
induced by ND revealed cellular degeneration, cytoplasmic
vacuolation and necrosis. Previous studies of AAS agreed with
the present finding41,42. They recorded that the alterations may
be due to the capability of anabolic steroids in altering the
liver capacity for metabolizing xenobiotics and indicated that
high doses of anabolic steroids could exert a proliferative
effect on liver cells43. Moreover, ND may cause lipid
peroxidation  via  Reactive  Oxygen  Species  (ROS),  leading  to
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Fig. 9(a-c): Electron micrograph of control group ( G1), (a) Hepatic cell with large central nucleus (N) and prominent nucleolus
(nu). Various mitochondria (M) are distributed with the cytoplasm and cisternae of rough endoplasmic reticulum (RER)
were noticed (X = 8900), (b) Kupffer cell with heterochromatic irregular nucleus (N) and boundaries (X = 8 900) and
(c) Endothelial cell (En) with elongated nucleus surrounded with small firm of cytoplasm placed in the space of disse
(D) (X = 7100)

Fig. 10(a-e): Electron micrograph of Nandrolone treated group (G2), (a) Hepatocyte (H) displaying signs of degeneration such
as depletion of the nuclear chromatin, damaged mitochondria (M). Appearance of some lipid droplets (L), lysosomes
(arrow head) and malformed rough endoplasmic reticulum (RER) (X = 7100), (b) Hepatocytes with nuclear pyknosis
(arrow) and damage of the blood sinusoids (Bs) (X = 3500) (c) Highly damaged space of Disse with fragmented
microvilli (mv) and necrotic endothelial cell (En) (X = 8 900) (d) Increased kupffer cells (K) at the injured hepatic blood
sinusoids (Bs) (X = 4400) and (e) Proliferation of the damaged bile canaliculi (arrow) characterized with the irregular
villi. The intercellular junction display marked alteration (arrow head). Increase of the lysosomes (*) are also shown
(X = 8 900)
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Fig. 11(a-b): Electron micrograph of Whey protein treated group (G3), (a) Showing more or less control hepatocyte with large
euchromatic nucleus (N), various forms of mitochondria (*) and many clusters of the rough endoplasmic reticulum
(RER) (X = 7100-11000) and (b) Well developed blood sinusoids (Bs) associated with a kupffer cell (K) and endothelial
cell (En) (X = 7100)

Fig. 12(a-c): Electron micrograph of Nandrolone followed by whey protein treated group (G4), (a) Well developed hepatocyte
with more or less normal nucleus (N), homogeneous cytoplasm with various forms of mitochondria (M) and clusters
of (RER). Space of Disse (D) appear with characteristic unaltered microvilli (X = 5600), (b) Binucleated hepatic cell with
normal hepatic sinusoids (arrow) (X = 4400) and (c) One of the blood sinusoid with an endothelial cell and regular
space of Disse (D) (X = 7100)

fatty changes in addition to hypoxia42. Histopathological
lesions observed in the present study revealed how ND has
ability to induce progressive liver cell injury because it is

considered the first organ responsible for metabolism of ND
and these effects may be induced by accumulation of toxic
metabolite44.
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In addition, various studies agreed with the present
findings  and  illustrated  that  acidophilic  degeneration  could
be considered a previous phase of controlled cell death
(apoptosis)45. Similar  observations  have  been  reported  by
Al-Kennany and Al-Hamdany42 who revealed cell swelling,
sinusoidal dilation and blood-vessel congestion in addition to
centrilobular necrosis. Moreover, Hild et al.46 mentioned that
anabolic steroids have the ability to cause programmed cell
death using immunohistochemistry by increasing a protein
P53, which is responsible for programmed cell death through
the ability to damage cell DNA and mitochondria. These
lesions occur due to the AAS and can cause injury to
hepatocytes through the effect on mitochondria, particularly
the mitochondrial membrane and can inhibit mitochondrial
respiration47.

In the present work, some lipid droplets were observed in
ND-treated liver. Previous studies showed that TAFLD is
connected to the abuse of AAS15. In addition, when AAS is
used externally, most prevent the normal steroid biosynthesis
process48.

On the other hand, the results recorded increased
collagen fibers in hepatocyte. This agrees with the findings by
Neri et al.9 and Vieira et al.49 who demonstrated that the
administration of ND leads to an increase in collagen
deposition in the liver, which is probably related to the
increment in Kupffer cell numbers while activated and Kupffer
cells produce many harmful products that are compounds
that act directly by stimulating the liver fibrosis process.

The current work also demonstrated damaged
mitochondria and a marked increase of lysosomes. These
findings  agreed  with  those    of  Gragera  et  al.50  and
Turillazzi et al.41 who reported that the mitochondria of rat
liver induced by anabolic steroids were heterogeneous in size
and shape. The most striking was the swelling and the cristae
embedded in a matrix of low electron density. In addition,
there was an increase in the number of lysosomes through the
cytoplasm of the hepatocyte. Various studies recorded that
the hepatic stellate cells (HSC) are perisinusoidal cells residing
in the space of Disse, which, during injury, in response to
inflammatory and other stimuli, like AAS, adopt a
myofibroblast-like phenotype and represent the cornerstone
of the fibrotic response in the liver51.

Abnormal changes of the mitochondria were reported as
increasing in oxidative capacity50. Furthermore, they reported
that a disordered metabolism in the liver because of the
changes in mitochondria leads to increased lysosomes.
Increasing the dose of the anabolic steroid means damage to
the hepatocytes that takes place by damaging the
mitochondria, which leads to leakage of the liver enzymes

outside of hepatocytes42-52. An experimental study
demonstrated that prolonged AAS administration provokes
dysfunction of the mitochondrial respiratory chain complexes
and mono-oxygenase systems leading to an increased ROS
generation53. Afterwards, when ROS production exceeds the
high levels of enzymatic and non-enzymatic antioxidant
defences and liver repair capacity, the oxidative stress-induced
liver damage appears54.

Histopathological lesions reported widening and bleeding
of the malformed hepatic blood sinusoids. Consequently and
rogen steroids may be cause peliosis, which is characterized
by the existence of many distributed blood-filled cystic
spacers over the liver parenchema55.

In addition, it was recorded that oxidative stress could
represent another mechanism of liver toxicity54, resulting in
the impairment of the canalicular bile salt export56. The
present study revealed these results and showed the
fragmentation of the microvilli of the space of Disse and the
alteration of intercellular junctions. Histological findings in rats
treated long-term show chronic adaptive changes in liver
tissue (cytoplasmic vacuolation with lipidic degeneration in
many cases). In addition, the cytoplasmic P450 and b5 enzyme
contents decreased in long-term treatment45-57. Various
studies recorded that AAS are capable of altering the liver
metabolizing power and inducing cell proliferation in rat
livers45.

On the other hand, according to the current study, the
hepatic tissue has clearly manifested improvement in the
histological architecture of the liver tissue. These findings
agree with those of Oryan et al.58. Moreover, Sousa et al. 24 and
Peng et al.59 suggested that there is a relationship between
WP, oxidative stress, hepatoprotective effects and increased
resting energy expenditure. In addition, it was found that the
histopathological feature was improved, whereas the
hepatocytes restored the normal structure with no necrotic
cells. Decreased collagen fibers were observed after the
treatment with WP.

Mansour et al.60 reported that WP has antioxidant activity
due to its ability to elevate cellular glutathione (GSH) synthesis
hormone levels61,62. Moreover, it was found that most WPs are
cysteine rich, including "-lactalbumin, $-lactoglobulin and
bovine serum albumin63. Cysteine is known as an amino acid
that regulates in vivo concentrations of GSH. Thus, the
supplementation of the diet with WP high in cysteine may
promote GSH biosynthesis. The latter has been reported to be
an antioxidant and anticarcinogenic tripeptide, thus
improving protection against oxidant-induced cell damage64.
Moreover, the anti-inflammatory properties of WP due to its
minor component lactoferrin that possesses anti-inflammatory

270



Pak. J. Biol. Sci., 21 (6): 262-274, 2018

activities through inhibition of  cytokine  production,  such  as
IL-I$, TNF-" and IL-6 from lipopolysaccharide sensitised
Kupffer cells65. Interestingly, recent studies reported hepatic
effects of lactoferrin in rats through inhibition of inflammation
and reduction of inflammation and reduction of inflammatory
markers, such as TNF-", IL-18 and IL-466,67.

Mobley et al.68 recorded that the WP supplementation
acutely increases lipolysis markers in rodents69 and reduces fat
mass in younger males following two weeks of resistance
training70. Petrella et al.69 interpreted that the lipolysis
character of WP may be due to unidentified peptides
(produced during the hydrolysis manufacturing process)
being absorbed from the digestive system and acting as
ligands for cell-membrane receptors.

This explanation may provide further confirmation of the
potential mechanism through which WP improved the
histopathological architecture of ND-treated rats liver. Thus,
the present findings demonstrated that WP offers ameliorative
effects against ND-induced hepatic damage in rats. 

In summary, using anabolic steroids randomly for a long
time can induce hepatotoxicity and morphological alterations
in the hepatic tissue and many improvement features
appeared after treatment with WP. Therefore, the point of this
study needs more investigation.

CONCLUSION 

This study focused on the important role of WP in
protection against the side effects of nandrolone that enable
most people to reach a muscular size that simply does not
come naturally. Abuse of AAS may cause side effects in the
liver tissue. Oxidative stress is closely related to the histological
alterations due to the pathophysiology. Several studies
recorded the physiological changes caused by abuse of
nandrolone and related drugs. On the other hand, histological
confirmatory studies are rare. In addition, WP may have
benefits for people with liver damage. The human body uses
the cysteine found in WP to make GSH, a powerful natural
antioxidant that mainly works in the liver to protect the body
from free radicals and toxins. Thus, our study used the
histological laboratory role to clarify the effect of WP on
regaining the normal histological architecture of hepatocytes
after alterations observed due to nandrolone treatment.

The present study is important to interpret and link the
histological, histochemical and ultrastructural examination
with the physiological results recorded in several previous
studies.

SIGNIFICANCE STATEMENT

This study demonstrated the protective effect of WP to
improve the histopathological architecture of ND-treated liver.
This study will help the researcher to uncover the critical areas
of histological and ultrastructural alterations in the liver of
adult rats after treatment with AAS (ND) and WP that many
researchers were not able to explore.
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