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ABSTRACT
The purpose of this study was to investigate the possible beneficial effects of morin on flutamide (FLU)-induced
hepatotoxicity in rats. Male Wistar albino rats were randomly divided into six experimental groups (n = 7/group): Group I
(control group) received appropriate vehicle only; Groups II &III (CM & M groups) were treated with morin for 4 and 8
weeks, respectively; Group IV (CF group) received FLU for 4 weeks; Group V (CMF group) received morin associated with
FLU for 4 weeks and Group VI (MMF group) was pretreated with morin for 4 weeks then treated with morin simultaneously
with FLU for additional 4 weeks. Histopathological examination of liver sections from FLU-group showed severe alterations
including architectural distortions of the hepatic cords, cytoplasmic degeneration, and necrosis of some hepatocytes together
with inflammatory cellular infiltration. Dilatation and congestion of central and portal veins were also detected. Histochemical
observations revealed marked reduction in polysaccharide and total protein contents of the hepatocytes. Ultrastructural
observations were also in agreement with the above abnormal changes. On the other hand, administration of morin with FLU
successfully improves this microscopic picture. In conclusion, these data showed protective effect of morin against FLUinduced hepatic damage, especially when administered prior to and concomitantly with FLU.
Key words: Flutamide, Liver, Morin, Histology, Histochemistry, Ultrastructure.
INTRODUCTION
Flutamide,
(FLU)
[2-methyl-N-[4-nitro-3attention has been drawn to the health promoting activity
(trifluoromethyl) phenyl]-propanamide, is a nonsteroidal
of plants, plant foods and its active components.
antiandrogen drug that is widely used for the treatment of
Flavonoids are polyphenolic compounds that can
prostate cancer. After oral administration, FLU is readily
be found in dietary components such as food products,
metabolized to its active metabolite, 2-hydroxyflutamide,
beverages and herbal medicines with different health
which appears to be mainly responsible for the
benefits shown in several studies [7]. Most flavonoids
pharmacological effect [1]. In the prostate cancer, tumor
have an antioxidant activity [8, 9]. Morin hydrate, or
cells need testosterone to proliferate. FLU and its active
simply
morin
(C15H10O7;
2′,3,4′,5,7-Pentahydro
metabolite 2- hydroxyflutamide compete with testosterone
xyflavone; a light yellowish pigment) is a kind of
to bind to androgen receptors leading to impairment of
flavonoid belonging to the group of flavonols, found in
testosterone signaling and modulation of the testosteronealmond hulls [10], mulberry figs [11], onion [12], guava
dependent pathways [2]. Despite its therapeutic benefits,
leaves [13,14] and other moraceae which are used as
treatment with FLU has been associated with idiosyncratic
dietary agents and also as herbal medicines [15]. Over the
liver injury and therefore received a black box warning
years, numerous activities have been assigned to this
label [3, 4]. The etiology of idiosyncratic hepatotoxicity
flavone. Morin has been shown to exhibit antitumor [16],
involves multiple factors, including the formation of
antioxidant [17], antidiabetic [18] and anti-inflammatory
reactive intermediates, drug dose, immune response,
[19] activities. Also, morin has been shown to inhibit
inflammation, genetics, nutrition, and underlying disease
xanthine oxidase [20], suppress protein kinase C and
states [5, 6].
inhibit the release of inflammatory cytokines, such as
In recent years of scientific investigations,
interleukin (IL)-6, IL-8, and tumor necrosis factor (TNF)
*
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from mast cells [21]. Morin could also modulate the
activities of the metabolic enzymes including cytochrome
P450 [22]. Extensive literature survey has shown that no
sufficient work has been conducted regarding the influence
of morin on FLU-induced tissue toxicity.
In view of these considerations, the functional
health of morin in protecting against FLU toxicity would
be of current interest. Therefore, the aim of this study was
to evaluate the protective effect of morin on flutamideinduced hepatotoxicity in rats.
MATERIALS AND METHODS
Animals
Sixty adult male Wistar albino rats weighing
185-200g purchased from animal house of El-Salam Farm,
Giza, Egypt, were used in this study. Animals were kept in
clean polypropylene cages under standard laboratory
conditions (temperature at 25±3◦C, relative humidity of 50
±15% and normal photoperiod of 12–12 h light–dark
cycle) with free access to standard dry pellet diet and
water ad libitum. All the treatments were started after
almost 1 week of stabilization from arrival. The
experimental protocol was performed in accordance with
the guidelines of the Scientific Research Ethics Committee
of Ain Shams University, Cairo, Egypt.
Chemical
Flutamide
was
obtained
from
Sigma
Pharmaceutical Industries, Egypt. Morin was purchased
from Sigma-Aldrich Chemicals Co (St. Louis, Missouri,
USA). Carboxy methyl cellulose (CMC) was purchased
from El- Gomhoryia Chemical Company, Cairo, Egypt.
FLU was dissolved in carboxy methyl cellulose (CMC)
[23] and was given orally at a dose of 100 mg/kg b.w. /
day according to [24, 25]. Morin was dissolved in CMC
[26]. It was given also through gastric intubation at a dose
of 50 mg/ kg b.w. / day. This dose was guided by previous
studies [17, 27].
Experimental protocol
The animals were randomly divided into 6 groups
of ten rats each as follows:
Group (1) control: rats received (0.5 ml) of flutamide and
morin vehicle (carboxy methyl cellulose, CMC) once daily
through gastric intubation for 8 weeks.
Group (II) (CM): Animals were treated orally with CMC
daily for four weeks and then orally administrated morin
once daily (50 mg/ kg b.w.) for a further four weeks.
Group (III) (M): Animals received morin (50 mg/kg b.w.)
orally once daily for eight weeks.
Group IV (CF): Rats were orally administrated CMC
daily for four weeks and then orally administrated FLU
(100 mg/kg b.w.) once daily for another four weeks.
Group V (CMF): Animals were orally administrated CMC
once daily for four weeks then were treated orally with
morin in association with FLU for extra 4 weeks.
Group VI (MMF): Firstly, rats were orally administrated
morin once daily for four weeks and secondly received
morin in association with FLU once daily for
supplementary four weeks.

Body weight determinations
During the course of treatment, body weight of
each animal of control and treated groups were recorded
initially, at weekly intervals and at the end of the
experiment by using a digital balance. The differences
between the mean initial and final weights were calculated
to determine percentage of mean change in body weight
within the whole period of experiment.
Histological study
For light microscopic examination, samples of
liver tissues were obtained from animals after scarification
and fixed in 10% neutral buffered formalin for 24 hours,
dehydrated in ascending ethanol series, cleared in xylene
and embedded in paraffin wax. Tissue sections of 5-7 µm
thick were prepared using a rotary microtome, pasted in
microscopic slides and stained with hematoxylin and eosin
(H&E) stain. Finally, histopathological changes in the
slides were observed with a light photomicroscope and
were evaluated for pathological changes.
Histochemical studies
Periodic acid Schiff’s (PAS) reagent and
bromophenol blue technique were used for the
demonstrating of polysaccharides [28] and total proteins
[29], respectively.
Electron microscopy study
Just after dissection, small pieces of liver (about
1mm3) were fixed in 5% glutaraldehyde prepared in 0.1M
sodium cacodylate buffer for 4 hours at room temperature
and post- fixed in 1% buffered osmium tetroxide (OsO4)
for 1-2 hours at 4ºC. Following fixation, tissues were
dehydrated at increasing concentrations of ethanol.
Dehydrated specimens were infiltrated at room
temperature in a mixture of propylene oxide/ epoxy resin.
Specimens were finally embedded in fresh resin in
capsules and polymerized at 60°C for 48 hours. Semi thin
1μm sections were cut, stained with 1% toluidine blue and
examined under the light microscope to select areas for
ultramicrotomy. Ultrathin sections (60-90 nm thickness)
were cut, on Leica Ultracut UCT Ultramicrotome using a
glass knife, and loaded onto copper grids. The sections
were double stained with uranyl acetate and lead citrate
[30]. The grids were examined and photographed using a
JEOL transmission electron microscope (JEM-1010,
Japan) operated at 60-70 kV accelerating voltage,
Regional Center for Mycology and Biotechnology
(RCMB), Al-Azhar University.
Statistical analysis
A computer program (SPSS 17.0) was used for
statistical analysis. The results were expressed as means ±
standard error (SE). Data were analyzed using general
linear models using ANOVA one way procedures for the
comparison of the groups. Differences between the groups
were considered as statistically significant when 𝑃 < 0.05,
highly significant when 𝑃 < 0.01 and very highly
significant when 𝑃 < 0.001.
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RESULTS
Body weight
Mean initial and final body weights and change in
body weights (%) of experimental groups were presented
in Table (1). The mean final body weights of the control
and morin groups (CM and M groups) showed more or
less constant levels during the study period. In contrast,
rats of CF group showed a significant (P<0.001) decrease
in their mean final body weights after 4 weeks of FLU
treatment when compared to the control group (Group I).
Data of CMF and MMF groups showed a significant
(P<0.05 & P<0.01, respectively) increase in the mean final
body weights as compared to CF group (Group IV).
Histological results
Light microscopic results of the control liver
sections stained with H&E (Figure 1) showed normal
hepatic lobules consisting of branching and anastomosing
hepatocyte cords radiating from the central vein to the
periphery of the lobules and separated by hepatic
sinusoids. The sinusoids were lined by flat endothelial
cells and kupffer cells. Liver cells appeared polyhedral in
shape with an acidophilic granular cytoplasm and central
vesicular nuclei (Figure 1a & b). Portal tract contains the
portal triad (a branch of the hepatic artery with small
diameter and thick wall, a branch of the portal vein with
large diameter and thin wall, and a branch of the bile duct)
(Figure 1b) The same histological findings were observed
in the livers of CM, M groups.In CF group, liver
parenchyma showed highly vacuolated, degenerated
hepatocytes, sometimes associated with karyomegaly, and
dilated hepatic sinusoids (Figure 2 a&b) Also, spotty
necrosis were observed with ill-defined cell boundaries,
condensed (pyknotic) or lysed (karyolytic) nuclei (Figure
2c-e). Severe dilatation and congestion of both central
and portal veins with hyperplasia of bile ductile could also
be recognized (Figure 2a, d & f). Furthermore, edematous
inflamed portal area and exudation in-between
degenerated hepatocytes were detected (Figure 2 b, d & e).
In CMF group, liver sections of rats administered
morin concomitantly with FLU showed some protective
effects as compared to those in CF group. Some
hepatocytes still showed densely stained acidophilic
cytoplasm and small, dark, condensed nuclei (Figure 3 a).
Also, dilated hepatic sinusoids and slightly damaged portal
area with mild inflammation were still evident (Figure 3
a& b).
In MMF group, liver of rats administrated morin
prior to and simultaneously with FLU preserved the
general architecture and lacked evidence of major
morphological injury. Hepatocyte degeneration appeared
to be remarkably reduced. Sections showed few dispersed
vacuolated degenerated cells and mild sinusoidal dilatation
(Figure 4 a & b).
Histochemical results
Examination of the control liver sections stained
with periodic acid Schiff’s (PAS) reagent showed normal
distribution of polysaccharide granules in the cytoplasm of
hepatocytes (Figure 5). In CF group treated with FLU,

severe reduction in the total amount of PAS positive
material was observed in the highly vacuolated
hepatocytes (Figure 6).The livers of CMF group showed
moderate PAS reactivity in the cytoplasm of hepatic cells
(Figure 7). In MMF group, nearly restoration of PAS
positive material within hepatocytes was recognized
(Figure 8).
With reference to bromophenol blue reactivity for
total protein demonstration, the hepatocytes of control rats
demonstrated total proteinic material in the form of deeply
stained blue colored granules diffused homogenously
through both the cytoplasm and nuclei as seen in (Figure
9). In CF rats, the hepatocytes showed faint reaction,
resulting from a decrease in protein contents (Figure 10).
CMF group showed weak to moderate reaction of the
protein content in the impacted cells (Figure11). MMF
group showed a good progress with staining affinity for
protein content (Figure 12).
Transmission electron microscopy
Ultrastructural examination of livers of control
(Figure 13) and morin groups illustrated a normal
morphological appearance of the hepatic cells.
Hepatocytes exhibited a large round nucleus with normal
distribution of euchromatin and heterochromatin (Figure
13a & b). Rough endoplasmic reticulum appeared
arranged in parallel stacks of cisternae, usually located
around the nucleus and along the plasma membrane
(Figure 13b). Mitochondria were usually found in close
association with the rER, their shape varying from circular
to elongated, with well-developed cristae (Figure 13b &
c).
Smooth endoplasmic reticulum showed small
agglomerations of tiny vesicles, among which few
glycogen rosettes were noted (Figure 13b). Figure (13d)
showed part of the hepatic sinusoid with kupffer cell in the
space of Disse. Microvilli of the hepatic cells project into
the lumen of the bile canaliculi and into the space of Disse
(Figure 13c &d).
In FLU-treated rats, the liver tissue showed signs
of the hepatotoxicity. The nuclei were abnormal with
irregular nuclear envelope and condensed chromatin
(Figure 14 b & d). The cytoplasm showed fused,
dissoluted, swollen or deformed mitochondria (Figure 14
a-d). In addition, there were fragmented or vesiculated
rough endoplasmic reticulum and dilated smooth
endoplasmic reticulum (Figure 14 a-c & e). Increases in
number of lysosomes, lipid droplets as well as increased
collagen deposition and glycogen depletion were also seen
(Figure 14 c-e). Moreover, bile canaliculi were damaged
and showed nearly complete loss of microvilli, and blood
sinusoids became wide and containing abnormal kupffer
cell with condensed nuclear chromatin and increased
lysosomes (Figure 14 b & f).
In CMF group, rats showed partial restoration of
hepatocytes appearance, the liver cells exhibited slightly
irregular nuclear envelope,
partial loss of
their
microvilli, less deformed mitochondria, focal vesiculated
rough endoplasmic and slightly dilated smooth
endoplasmic reticulum (Figure 15 a-c)
Also, bile
canaliculi moderately retained their microvilli and
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hepatic sinusoid showed some degenerated kupffer cells
with irregular nuclear envelope (Figure 15 b & c).
Electron microscopic findings of liver of MMF
group demonstrated restoration of hepatocytes their
normal appearance as their cytoplasm contained vesicular
rounded nuclei, with prominent nucleolus and normal
distribution of chromatin (Figure 16a). Nearly normal
mitochondria, some strands of rough endoplasmic
reticulum, glycogen particles and lipid droplets were

observed in the cytoplasm (Figure 16a & b). However,
dilation of smooth endoplasmic reticulum could be
observed. (Figure 16 a). In Figure (16 b) the hepatocytes
regain their healthy bile canaliculi with abundant
microvilli and normal junctional complexes. Moreover, the
hepatic sinusoid seemed to be normal with nearly
recovered kupffer cells but still contained increased
lysosomes. (Figure 16 c).

Fig 1. Light micrographs of liver sections of control group, (a) showing cords of hepatocytes (H) radiating from the
central vein (CV) and separated by hepatic sinusoids (HS). The sinusoids are lined by flat endothelial cells (En) and
kupffer cells (KC); (b) showing normal portal tract (PT) containing the portal triad, a branch of the hepatic artery
(HA), a branch of the portal vein (PV) and a branch of the bile duct (BD) (H & E, a & b X400)

Fig 2. Light micrographs of liver sections of CF group, (a) showing centrilobular hepatocytes with highly vacuolated
cytoplasm and deeply stained nuclei (arrows). Dilated and congested central vein (CV) is also seen; (b) showing
hepatocyte swelling sometimes associated with karyomegaly (arrows) and dilated hepatic sinusoids (HS). Exudation
(*) is seen in-between degenerated hepatocytes; (c) showing pyknosis (arrows) and karyolysis (arrow heads) of the
nuclei of the injured cells, ballooning degeneration (double arrows), spotty necrosis (*) of hepatic parenchymal tissue
can be seen. Note the widened and irregular hepatic sinusoids (HS); (d) showing edematous inflamed portal area
(arrows) and widely dilated and congested branch of portal vein (PV). Notice focal necrosis (*) around portal triad;
(e) showing marked portal inflammation with extension into the adjacent parenchyma (*) and necrotic hepatocytes
(arrows); (f) showing dilated congested branch of portal vein (PV), hyperplasia of bile ductule (BD), and necrotic
hepatocytes with pyknotic nuclei (arrows) (H&E, a& d X100; b, c &f X400; e X200)
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Fig 3. Light micrographs of liver section of CMF group (a), showing moderate restoration of hepatocytic design.
Some hepatocytes with densely stained acidophilic cytoplasm and small, dark, condensed nuclei (arrows) and dilated
hepatic sinusoids (HS) are still seen; (b) showing mild degeneration and inflammatory cellular infiltration (arrow)
around portal Tract (PT). CV: central vein, (H&E, a& b X 400).

Fig 4. Light micrographs of liver section of MMF group, (a) showing virtually common hepatic architecture with
normal central vein (CV) and better cord arrangement of hepatocytes. However, vacuolar degeneration (V) in some
hepatocytes and mild dilatation of hepatic sinusoid (HS) are still seen, (b) showing restored lobular architecture of
hepatic tissue in the area of the portal tract (PT). However, few vacuolated hepatocytes (V) are still detected (H & E,
a& b X 400)

Fig 5 -8. Light micrographs of periodic acid-Schiff’s (PAS)-stained sections of rat liver. (5) Control group, showing
uniform distribution and intense PAS +ve reaction for polysaccharides in hepatic tissue (arrows); (6) CF group,
showing severe decrease in PAS +ve material in the highly vacuolated cytoplasm of impacted hepatocytes (arrows);
(7) CMF group, showing moderate restoration of polysaccharide contents in cytoplasm of some hepatic cells
(arrows); (8) MMF group, showing nearly restoration of polysaccharide material within hepatocytes (arrows) (PAS
reaction, 5-8 X400)
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Fig 9-12. Light micrographs of bromophenol blue-stained sections of rat liver. (9) Control group, showing bluish
coloration of irregular granules of proteinic inclusions diffused in both the cytoplasm and nuclei of hepatocytes (i.e.
normal strong cytoplasmic reactions); (10) CF group, showing faint reaction of the protein contents mainly in
injured area (arrows); (11) CMF group, showing weak to moderate reaction of the protein content in the impacted
cells; (12) MMF group, showing nearly normal distribution of protein content (i.e. moderate to strong reaction)
(Bromophenol blue technique, 9-12 X 400)

Fig 13. Transmission electron micrograph of ultrathin sections from a control rat liver (a), showing parts of four
hepatocytes H1- H4. The hepatocyte H4 shows normal rounded nucleus (N) and numerous mitochondria (M). Note
the presence of bile canaliculus (BC) between the two adjacent hepatocytes (H1&H4); (b) showing part of hepatocyte
nucleus (N) containing normal distribution of both euchromatin (EC) and heterochromatin (HC). The cytoplasm has
many mitochondria (M), cisternae of rough endoplasmic reticulum (rER), smooth endoplasmic reticulum (sER) and
glycogen particles in the form of monoparticulate (arrow) and rosettes (arrow heads); (c): revealing mitochondria
(M) with sharp outer and inner limiting membrane, and well- defined cristae. Note bile canaliculus (BC) with
luminal microvilli (Mv) is bounded by junctional complexes (arrows); (d) showing part of the hepatic sinusoid (HS)
containing kupffer cell (KC) with ovoid nucleus. The nucleoplasm shows aggregation of euchromatin (EC) and
heterochromatin (HC) and the cytoplasm contains lysosomes (LY). Note that the microvilli (Mv) of the hepatocyte
(H) project into the space of Disse (*). RBC: Red blood corpuscle (TEM, a X 8000; b X20000; c X 25000; d X 15000)
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Fig 14. Transmission electron micrographs of ultrathin sections of CF group (a), showing damaged hepatocyte with
erosion of the cell membrane (arrow) and loss of microvilli (double arrows). The hepatocyte cytoplasm shows fused
mitochondria (M), fragmented rough endoplasmic reticulum (rER) and dilated smooth endoplasmic reticulum
(sER); (b) showing abnormal nucleus (N) with irregular nuclear envelope, dissoluted mitochondria (M), disrupted
rough endoplasmic reticulum (rER) as well as nearly loss of bile canaliculus (BC) microvilli; (c) showing part of
hepatocyte containing swollen mitochondria (M),vesiculated rough endoplasmic reticulum (rER), increased
lysosomes (LY) and depleted glycogen; (d) showing part of hepatocyte with pyknotic nucleus (N) and cytoplasm
containing deformed mitochondria (M), and increased lipid droplets (LD). (e) showing, dilated smooth endoplasmic
reticulum (sER), many lipid droplets (LD) and bundles of collagen fibers (CO); (f) showing widened hepatic sinusoid
(HS) containing abnormal Kupffer cell (KC) with condensed nuclear chromatin and increased lysosomes (LY)
(TEM, a & f X 8000; b & d X10000; c X 40000; e X 12000)

Fig 15. Transmission electron micrographs of ultrathin sections of CMF group, (a) showing nucleus (N) with slightly
irregular nuclear envelope (arrow), some deformed mitochondria (M) and slightly dilated smooth endoplasmic
reticulum (arrow heads); (b) showing partial restoration of hepatocyte appearance. The cytoplasm contains less
degenerated mitochondria (M) focal vesiculated rough endoplasmic reticulum (rER). Note that the bile canaliculus
(BC) still shows partial loss of its microvilli; (c) showing partial disappearance of hepatocyte microvilli (arrow) and
hepatic sinusoid (HS) containing degenerated kupffer cell (KC) with irregular nuclear envelope (TEM, a X 10000; b
X25000; c X 12000).
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Fig 16. Transmission electron micrographs of ultrathin sections of MMF group, (a) showing nucleus (N) with
prominent nucleolus (Nu) and homogenous pattern of chromatin. Cytoplasm containing nearly normal
mitochondria (M), some strands of rough endoplasmic reticulum (rER) and lipid droplet (LD). However, dilation of
smooth endoplasmic reticulum (sER) could be observed. (b); showing part of hepatocyte containing nearly normal
mitochondria (M), rough endoplasmic reticulum (rER) and glycogen particles (GL). Bile canaliculus (BC) with
normal microvilli (Mv) and bounded by junctional complex (arrow) could be seen. (c); showing microvilli (Mv) of
hepatocytes and hepatic sinusoid (HS) containing nearly normal kupffer cell (KC) nucleus, however, increase in
number of lysosomes (LY) is still observed (TEM, a X 15000; b X30000; c X 8000).

Table 1. Mean initial and final body weights (g) and change in body weights (%) of the experimental groups
Mean initial body weight (g) (Mean±
Mean final body weight (g) (Mean±
Mean change in
body
Groups
SE)
SE)
weight (%)
Control
189.00 ± 20.0
268.00 ± 4.34
41.79
CM
194.10 ± 1.60
265.60± 2.89
36.83
M
189.20 ± 3.10
275.10± 2.21
45.40
CF
191.90 ± 1.30
241.20± 3.25a***
25.69
CMF
192.30 ± 2.00
251.20± 4.04b*
30.63
MMF
188.70 ± 1.90
260.30± 4.06b**
37.94
Data are represented as mean± SE; n= 10, a= control versus CM, M and CF, b= CF versus CMF and MMF , *Significant
change at p < 0.05, **Highly significant change at p < 0.01, ***Very Highly significant change at p < 0.001
DISCUSSION
Flutamide is an anti-androgen drug used in the
prostate cancer therapy. This drug acts preventing the
binding circulating suprarenal androgens to androgenic
receptors located in the prostate and prostatic cancer cells.
However, FLU treatment is also reported to induce a
secondary hepatotoxicity. This calls for the search to avoid
such effect on using the drug. The current work was
conducted to study the possible protective effect of morin
against FLU-induced changes in experimental rat liver.
In the present study it was noted that rats treated
with FLU for 30 days at 100 mg/ kg b.w. showed a
significant decrease in body weight gain. The depression
in body weight gain of the animals associated with FLU
treatment is, primarily, a consequence of decreased food
intake observed during the experimental period. In support
of this, many studies demonstrated that during FLU
therapy patients presented severe hepatic injury with
asthenia, anorexia, nausea, vomiting, poor appetite, weight
loss, malaise, jaundice and general weakness [31- 34]. In

the same line, a reduction in body weight gain after
treatment with a single-dose of the anticancer drug,
cyclophosphamide, was also detected [35]. This drug
caused damage to the gastrointestinal system, including
mucositis [36], which may lead to impaired food
absorption in the gastrointestinal tract and impaired body
weight gain in cyclophosphamide-treated rats. Similarly,
The reduction of the body weight in rats treated with
another anticancer drug, cisplatin, might be in part due to
the direct toxic effect of cisplatin on renal tubules that
caused reduction in water reabsorption and excessive
sodium excretion with subsequent polyuria, dehydration
and reduction of body weight [37, 38]; or might be due to
gastrointestinal toxicity with subsequent decrease in
appetite, ingestion and assimilation of food [37, 39].
In the present study, the most prominent
histopathological alterations described in the liver of rats
treated with FLU included disorganization of the hepatic
cords of liver tissues and degenerative changes including
cytoplasmic vacuolation and ballooning degeneration.
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Also, there was spotty necrosis which was evidenced by
increased eosinophilia of the cytoplasm, nuclear pyknosis
or karyolysis. In addition, there was inflammatory
mononuclear leukocytic
infiltration in between
degenerated hepatocytes. Hepatic injury associated with
FLU therapy was reported by several authors in patients
with prostate cancer. Histological examination of liver
biopsies for patients treated with FLU showed massive
hepatic necrosis
[31], edematous portal area with
mononuclear cell infiltration, centri-lobular cholestasis
with bile thrombi in diffuse dilated canaliculi and swollen
hepatocytes with inconspicuous fatty change [40] and
small bile ductular proliferation [41].
In experimental studies on liver of animals,
hydropic degeneration, necrotic areas and marked increase
in kupffer cells were observed in FLU-treated rats. Also,
marks of apoptosis appeared in the hepatocytes in the form
of fragmentation of nuclei and blebbing of the cytoplasm
[42]. In addition, apoptotic hepatocytes mainly in the
pericentral area were detected in another study on rats
[25]. Similarly, mice treated orally with FLU showed
hepatocellular swelling, acidophilic changes and single
cell necrosis of hepatocytes. Such necrotic lesions may be
due to progressive degenerative action of intracellular
enzymes of the injured cells [43]. Also, mice injected
intraperitoneally with FLU for 28 days exhibited small
foci of hepatocellular necrosis and an increased number of
apoptotic hepatocytes. These changes may be attributed to
the formation of FLU-GSH adducts and increased protein
carbonyl levels that resulted in oxidative stress and
mitochondrial dysfunction [44]. In vitro experimental
models, Choucha Snouber et al. [2] observed cell death for
the mammalian liver cells exposed to FLU in a culture
medium.
Congestion of central and portal veins observed
in the present study were also described in hepatic tissue
of rats following FLU treatment [25]. Vascular congestion
and stagnant blood flow can lead to hypoxia that affects
mitochondrial respiration which was reported in FLU
hepatotoxicity [3].
The present study showed that FLU induces
reduction in hepatocyte glycogen content. In this context,
several studies reported that FLU inhibits the electron
transfers in mitochondria leading to perturbation of
mitochondrial metabolism i.e., tricarboxylic acid (TCA)
[44, 45]. Perturbation of TCA cycle and mitochondrial
dysfunction may contribute to explain the subsequent
perturbation of the glucose homeostasis. Such disrupted
glucose homeostasis leads to reverting to alternative
substrates for energy metabolism via internal glycogen
degradation [2]. Similarly, diminished glycogen content
was recorded in hepatocyte of cisplatin-treated rat [46].
Additionally, in lead-exposed rats, the observed glycogen
depletion might be due to the effect of lead on glucose
absorption or on the enzymes involved in the process of
glycogenesis or/and glycolysis [47].
In the present study, the observed decrease in
protein inclusions in hepatic tissues of rats treated with
FLU was explained by several authors. The decrease in
liver tissue protein levels may be due to damage of the

hepatocytes following treatment with FLU or 2- hydroxyl
flutamide (its active metabolite). Such damage may be
considered as one of the most important factors causing
protein depletion in hepatocytes [48]. Also, damage of
DNA by administration of FLU produced a decrease in
protein and RNA contents in liver cells [25]. Moreover,
liver cells exposed to FLU and hydroxyflutamide in a
culture medium showed modified mitochondrial activity
leading to TCA cycle perturbation and this results in a
reduction of protein synthesis illustrated by reduction of
albumin production [2].
In addition to the histopathological findings
recorded in the present study, prominent ultrastructural
changes were observed in the hepatocytes of FLU- treated
rats, where mitochondria exhibited different pathological
forms. This result is in agreement with the previous
observation illustrating that those alterations in the
activity of NADH and NADPH2 post-administration of
the anticancer drug, cyclophosphamide, likely to be
responsible for mitochondrial damage with condensation
of their matrix and segmentary blurring of the structure of
the surrounding membranes [49]. Also, electron
microscopy analysis supports the hypothesis that the
mitochondrion is a target organelle for FLU-mediated
cytotoxicity. The substructure of FLU is a nitroaromatic
group that often has been associated with toxicity due to
its susceptibility to reduction by enzymes found in the
endoplasmic reticulum that can yield reactive oxygen
species (ROS), reactive nitrogen species (RNS), and/or
electrophilic intermediates. Thus, the nitroaromatic group
of FLU enhances cytotoxicity to hepatocytes, likely
through mechanisms involving mitochondrial dysfunction
and ATP depletion that include electron transport chain
(ETC) complex I inhibition [45].
Moreover, marked alterations were, presently,
detected in the rough and smooth endoplasmic reticulum.
Rough endoplasmic reticulum damage is one of the
essential factors responsible for the lowered activity of
liver cells in protein synthesis as this cell organelle plays a
major role in this function. Hence, histochemically, the
significant decrease in protein content after FLU treatment
attributed to damage of the rough endoplasmic reticulum.
These alterations in the endoplasmic reticulum are in
parallel with the earlier study assuming that the
hypertrophy of the smooth endoplasmic reticulum that
may be induced by many different compounds reflects a
parallel increase in the activity of the detoxifying
microsomal enzymes [50]. Also, another study showed that
dilatation of cisternae of rough endoplasmic reticulum
observed 10 minutes of injection of cyclophosphamide is a
common reaction of liver parenchyma to injury. It is
possible that the initial breakdown of the drug occurs
within the cisternae of rough endoplasmic reticulum [51].
Similarly, previous report illustrated that damage to the
rough endoplasmic reticulum is the earliest microscopic
evidence of cytotoxicity [52]. Dilatation and vesiculation
of the rough endoplasmic reticulum may be due to ingress
of water and solutes into the cell leading to cloudy
swelling, a ubiquitous change observed in cells subjected
to various noxious influences [53].
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The increase in the lipid droplets described in the
present work was explained by previous ones attributing
the increase in the lipid droplets in the hepatocytes after
exposure to drugs or toxins, to impaired synthesis of
lipoproteins or due to the abnormal transport of
lipoproteins via the Golgi apparatus and its secretory
vacuoles [54].
An apparent increase in collagen fibers deposition
in the space of Disse was seen in the current work. This is
in accordance with previous results illustrating that liver
fibrosis is a catabolic feature associated with protein
breakdown and nitrogen misbalance [55]. Also, an
increased amount of fibrous stroma is an early sign of liver
toxicity [56]. Moreover, fibrosis is generally an
irreversible consequence of the hepatic cell damage that is
formed in response to inflammation or direct toxic insult to
the liver [57].
In the present investigation, morin administrated
with FLU (CMF and MMF groups) could minimize
changes in body weight due to its antioxidative character.
These finding is in accordance with those in the literature
in which cotreatment with morin significantly prevented
the decrease of the body weight caused by
dimethylnitrosamine (DMN) [58] and by ammonium
chloride [59]. On the other hand, some investigators
showed that morin failed to reverse cyclophosphamideinduced body weight loss [35] and these authors excluded
that morin’s action in the gastrointestinal tract is
insufficient to prevent body weight loss.
In the present study, morin treatment attenuated
both light and electron microscopic alterations in FLUtreated rats. These results are in accordance with those of
Wu et al. [60] who reported that in a rat model of hepatic
ischemia – reperfusion, morin is effective in reducing
liver necrosis. These authors added that morin is an
unusual antioxidant in that it appeared to act both
“curatively” as scavenging free radicals and “preventively”
as partially blocking radical formation from xanthine
oxidase (OX), an important oxiradical-producing enzyme
in the liver. Also, pretreatment with morin prevents acute
liver damage induced in carbon tetrachloride (CCl4)treated rats by decreasing the expressions of tumor
necrosis factor alpha (TNF-alpha), interleukin-1beta (IL1beta), interleukin-6 (IL-6), and inducible nitric oxide
(iNOS) [61]. In addition,
morin was effective in
increasing the cell viability and decreasing the ROS level.

It maintained mitochondrial integrity, inhibited release of
apoptotic proteins from mitochondria, prevented DNA
fragmentation and chromatin condensation [14].
Furthermore, a flavonoid morin significantly reduced the
histopathological
alterations
including
ballooning
degeneration, inflammatory infiltration and central veins
congestion in streptozotocin- induced diabetic rats [26,
62].
From the present results of our experiment,
inflammation and fibrosis observed in FLU-treated rats
were reduced by morin administration. Several studies
have emphasized that morin has antifibrogenic and antiinflammatory effects. Morin significantly reduced the
expressions of collagen type I, transforming growth factor
β1 (TGF-β1), and α-smooth muscle actin (α-SMA)
in hepatic fibrosis induced by dimethylnitrosamine (DMN)
[58]. Also, the expression of collagen and inflammation
levels is increased in D-galactosamine-treated rats,
however, regained by morin treatment [63]. Furthermore,
treatment with morin significantly attenuated the
inflammatory responses caused by CCl4 as evident by the
decreased hepatic tumor necrosis factor-alpha (TNF-α)
level, immunohistochemical expressions of inducible nitric
oxide synthase and nuclear factor kappa B [64]. It is
worth mentioning that, in addition to its anticancer effect,
morin increases the bioavailability of the anticancer drugs.
Previous study demonstrated its potential to reduce
cyclophosphamide/flutamide-induced lipid peroxidation
and thus to increase therapeutic index of the drug by way
of reducing toxicity that may be mediated through free
radical mechanisms [65]. Moreover, morin acts by
inhibiting the expression of P glycoprotein (Pgp)-mediated
efflux of the anticancer drugs which may be useful for
potentiating the intracellular action of anticancer drugs
[35].
CONCLUSION
In conclusion, the results of this experiment
demonstrate that FLU-induced histological, histochemical
and ultrastructural abnormalities in the parenchyma of rat
liver and offered insight the protective effect of morin,
particularly when given prior to and concomitantly with
FLU. So, there is no doubt that morin acts as a powerful
hepatoprotective flavonoid that can protect the hepatocytes
through different mechanisms.
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