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ABSTRACT
Sorafenib (Nexavar) is an oral inhibitor of multi-kinase proteins approved in 2005 for treatment
of metastatic advanced hepatocellular carcinoma. It causes many metabolic side effects,
including diarrhea, hypertension, hand-foot skin reaction, and fatigue. This study aims to detect
the histopathological, histochemical and DNA contents changes of the rat's liver under Nexavar
treatment. The rats were divided into 3 groups. • Group 1: Served as control (rats were orally
administrated with ml of normal saline for a month. • Group 2: Rats of this group were treated
with the multikinase inhibitor Sorafenib (60 mg/kg body weight/day) for 15 days by gavage. •
Group 3: Rats of this group were treated with the multikinase inhibitor Sorafenib (60 mg/kg
body weight/day) for 30 days by gavage. Animals were sacrificed and specimens from the liver
were processed for histopathological, histochemical; by estimation of total carbohydrates and
total protein contents; and cytological studies by estimation of DNA contents at the different
stages of the cell cycle by the flow cytometer analysis. The results explained that in treated
animals, there were histopathological and histochemical alterations, as a destruction of the
normal hepatic architecture, swollen hepatocytes with vacuolar degenerated cytoplasm. Some
hepatocytes showed mild to severe signs of injury such as swelling of their nuclei. Karyolysis
of other hepatocytes are encountered. Severe reduction in the glycogen and proteins contents
of the hepatocytes was observed by using PAS and bromophenol blue staining techniques. In
addition, the results showed that Nexavar causes apoptosis by 15.41% and 13.72% in both
groups 2 and 3, respectively. Liver genotoxicity induced by Nexavar for 15 and 30 days
decreases the G1 cells constitute to 5.08% and 6.50% and increases the S-phase cells constitute
to 19.17% and 20.28%, respectively. Moreover, the G2 cells increases to 2.32% and 2.45, about
half of the last amount is aneuploidy cells. As a conclusion, Nexavar treatment showed mild to
moderate hepatotoxic effects and induces many histological, histochemical and cytological
changes causing liver damage.
Keywords: Nexavar, Hepatotoxicity, histopathology, PAS, Bromophenol blue,
Flowcytometry.
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INTRODUCTION
Systemic cancer therapy has evolved from the classic cytotoxic agents to now include newer
classes of molecularly targeted therapy where the chemotherapy is an essential component in
the treatment of cancer (1). Newer therapies target specific cancer molecules involved in
regulating cancer cell growth and differentiation depending on that the Classic cytotoxic agents
target rapidly proliferating cells by interfering with their cell division and growth. With the
varying mechanisms of action, it is not surprising that the side effects of different anticancer
agents and treatment modalities are diverse, affecting nearly every organ system where both
systemic and localized therapies are known to have adverse effects on normal tissues (2).
According to Lovet, Sorafenib is a multikinase inhibitor that targets platelet-derived growth
factor and vascular endothelial growth factor (3). Keating and Ma added that Sorafenib
exhibits its effect by the way of inhibiting the multiple cell surface and intracellular kinases.
These kinases are responsible for angiogenesis, apoptosis and tumorgenesis (4 and 5). Hepatic
and gastrointestinal toxicities are a more common complication of cytotoxic cancer
chemotherapy. Where the cytotoxic drugs do not differentiate between normal cells and cancer
cells (6 and 7).
The aim of the present work was to investigate the structural changes associated with the cancer
therapy drug; Sorafenib (Nexavar); in the liver tissues using cytological, histological and
histochemical studies.

MATERIALS AND METHOD
Chemicals:
Nexavar, 200 mg, is a kind gift obtained from the medical union pharmaceutical drug company
(MUP), Egypt, imported from Germany. Patients were started on Nexavar on a twice-daily
schedule (200 mg bid or 400 mg bid depending on their status). Adverse events were reported
and graded according to the National Cancer Institute Common Terminology Criteria (NCICTCAE) on days 15 and 30 after treatment initiation (8).
Animals:
Adult male albino rats Rattus albus (8 weeks old) weighing 120–130 g, were selected from the
animal house of National Research Center, Giza, Egypt. The animals were housed under
controlled environment conditions (12 h light/dark cycle) at a temperature of 25˚C + 10˚C and
humidity of 60% + 5% and fed standard diet and water Ad libitum for the experimental period.
Experimental protocol:
The experimental rats were randomly divided into 3 groups of 12 animals each as follows:
• Group 1: served as control where the rats were orally administrated with one ml of normal
saline for a month.
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• Group 2: Rats of this group were treated with 60 mg/kg body weight/day of Nexavar (9) for
15 days by gavage.
• Group 3: Rats of this group were treated with 60 mg/kg body weight/day of Nexavar for 30
days by gavage.
Examinations:
At the end of experimentation, the liver of each animal was obtained and fixed in buffered
neutral formalin 10% solution for 24 hrs, dehydrated through ascending series of alcohols,
cleared in xylene and embedded in paraffin wax. 5 µm thickness paraffin sections were
obtained. For histopathological studies and according to Lillie and Fulmer some liver
sections from the different groups were deparaffinized and stained with Ehrlich.s hematoxylin
and counterstained with eosin (10). For histochemical studies some other liver sections were
deparaffinized and prepared for the detection of total carbohydrates (1, 2 glycol group) (11)
and some other sections were stained with bromophenol blue method to demonstrate total
proteins (12).
For cytological study; Flow-cytometrical analysis was used. DNA data were obtained from
cell suspensions derived from the same paraffin blocks. Samples were analyzed on a flow
cytometer system (Facscan, Becton Dickinson). Set to collect 10,000 cells. Normal paraffin
embedded tissues of the normal liver were used as external controls to demonstrate diploid
DNA (13).

RESULTS AND DISCUSSION
Histopathological observations
Histopathological observations of H&E stained liver sections of control rats showed that liver
exhibited normal architectures and consists of hepatic lobules, each is made up of radiating
strands of hepatocytes around a central vein. The hepatic strands are separated by thin wall
blood sinusoids. The polyhedral hepatocytes exhibit granular cytoplasm and embodying
prominent centrally located nuclei-kupffer cells are found in the blood sinusoids (Fig. 1A)
Microscopic examination of liver sections taken from rats orally administrated with Nexavar
(60 mg/kg body wt./day) for 15 days, showed destruction of the normal hepatic architecture
with disorganized and disrupted hepatic strands. Also, swollen hepatocytes with vacuolar
cytoplasm were observed. Some hepatocytes showed slight signs of liver injury such as
swelling of their nuclei and karyolysis of other hepatocytes nuclei (Fig. 1B, C & D). Other
areas of the liver sections revealed complete degenerated hepatocytes and highly vacuolated
hepatocytes with collapsed and pyknotic nuclei surrounded by rare cytoplasm. Fibroblast like
cells were also identified especially very near to the blood vessels. Dilated blood sinusoids
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Figure 1. A photomicrograph of liver sections of control (A) and treated rats with Nexavar (60
mg/kg body weight/day) for 15 days (B-F) showing: A- Hepatic strands (H) which consist of hepatic
cells, each cell exhibits eosinophilic cytoplasm and centrally located neucleus and some cells are
binucleated (BI). The blood sinusoids (s) are lined with endothelial cells. The Kupffer cells (K) and the
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central vein (CV) are shown. (H&E – X, 400). B- Loss of liver architecture, sever hepatocytes
karyolitic, polymorphic and cytoplasmic degeneration (*) are shown. Congested central vein (CV) and
hepatocytes' degeneration are found (arrow). (H&E – X, 200). C- Moderately differentiated hepatic
degenerated cells shows nuclear atrophy and necrosis (arrow). In addition there is loss of liver
architecture (*) and dilated central vein (CV). Pyknotic nuclei are present (head of arrow) (H&E – X,
200). D- Loss in the liver architecture with hepatocyte degeneration (arrow), several binucleated
hepatocytes (yellow arrow) in addition many karyolitic nuclei (green arrow) are shown. (H&E – X,
200). E- Inflammatory cells infiltration (if), sinusoid dilatation (*) and cells proliferation with pyknotic
nucleus (arrow) are present. Karyolitic hepatocytes with diffuse of Kupffer cells proliferation in
between (yellow arrow) are found. (H&E – X, 200). F- Loss of liver architecture, and degenerated
hepatocytes (*) are shown. Karyolitic hepatocytes (yellow arrow), pyknotic Kupffer cells (K) and
inflammatory cells infiltration (if) are found. (H&E – X, 400).

were present with slight erosion of their endothelial cells together with inflammatory cell
infiltration (Fig. 1 E & F). Also, hypertrophied probably activated kupffer cells were observed
very close to the disintegrated hepatocytes.
Examination of liver sections taken from rats treated with Nexavar (60 mg/kg body
wt./day) for 30 days showed severe damages in the liver architecture and different
signs of alterations were observed in the hepatic tissue similar to those observed
after 15 days exposure. In addition, necrotic masses probably granulose like
structure were identified in many places of the liver and were represented by
ruptured and fragmented hepatocytes, cell debris and enormous densely basophilic
pyknotic nuclei and numerous lymphocytes (Fig. 2 A, B and C). This necrotic mass
was probably dissolved latter and almost no residual tissue architecture was
preserved in the insulted region. At the periphery of the necrotic mass phagocytic
cells were sometimes demonstrated. The inflammatory leucocytes were also shown
around the branches of the portal vein, probably infiltrate from their walls invading
the hepatic tissue. The bile ductile was enlarged with expanded lumens and
proliferation of their epithelial cells (Fig. 2 D).
Other degenerated areas of the liver sections after 30 days exposure showed highly
distorted,

disorganized

and

destructed

hepatocytes.

These

areas

displayed

an

enhanced degree of deterioration and many hepatocytes showed high degree of
dissolution (Fig.2 C, D &E). Hepatocytes of these areas showed highly vacuolated
cytoplasm with vesiculated nuclei (Fig.2 D&E). Also, many pyknotic nuclei were
encountered. Activated and hypertrophied probably kupffer cells were observed at
these

areas

of

degeneration.

Binucleated

degenerated

hepatocytes

with

highly

vacuolated cytoplasm were also encountered in the liver tissue. The cytoplasmic
vacuoles may represent certain degree of hydropic or fatty degeneration and cloudy
swelling.
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Figure 2. A photomicrograph of liver sections of rats treated with Nexavar (60
mg/kg body weight/day) for 30 days showing: A- Loss in the liver architecture
with focal areas of inflammatory cells infiltration (if), dilated and congested central
vein (CV) and liver cells degeneration with pyknotic nuclei (arrow) are found.
www.bjmhr.com
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(H&E – X, 100). B- Dilated and congested central vein (CV) and liver cells
degeneration with cytoplasmic fatty vaculation (arrow) are found. (H&E – X, 200)
C- Loss in the liver architecture with focal areas of necrosis (N) and liver cells
degeneration with pyknotic nuclei (arrow). (H&E – X, 200). D- Cells inoculation
displaying hypertrophy of liver cells, necrotic area with mononuclear cells
infiltration near central vein (arrow) and deeply stained pyknotic nuclei (head
arrows). (H&E – X, 200). E- Cytoplasmic fatty vaculation (f) and hepatocyte
degeneration (*), in addition many karyolitic nuclei (green arrow) and pyknotic
Kupffer cells (arrow) are observed. (H&E – X, 400).
Histochemical observations
Examination of liver sections of control rats stained with PAS method showed a
strong PAS positive particles of different sizes in the hepatocytes (Fig.3 A1).
However in case of rats treated with Nexavar for 15 days, the hepatocytes exhibited
moderate

and

weak

PAS-reactivity

and

a

tendency

towards

polysaccharides

diminution (Fig.3 A2). After 30 days exposure of Nexavar, a severe depletion of
polysaccharides were observed in the hepatocytes (Fig.3 A3).
A strong to deep bromophenol blue reaction was observed in the hepatocytes of
control rats denoting a high protein content of such cells treated with Nexavar for 15
days revealed remarkable decrease of protein content of the hepatocytes around the
central vein, while other hepatocytes showed strong bromophenol blue reaction for
protein. A great loss of protein content was observed in both the hepatocytes
cytoplasm and nuclei of the rats treated for 30 days with Nexavar (Figs. 3 B1, 2
&3).
Cytological observations
Flowcytometric analysis (DNA contents in liver cells measurement)
In the liver cells, as most dividing cells, the DNA content immediately after division, represents
the diploid chromosomal complement (2N); this increases during the DNA synthetic phase (S).
The flow-cytometer technique measures the amount of DNA per cell by quantization the
intensity of the fluorescence emitted by a DNA-bound dye flow past a high-intensity laser
beam. From the present data, a histogram can be constructed showing the frequency with which
the DNA content appear in the cell population.
Figure 4 (A) show a histogram for the control liver cells suspension. The abscissa represents
the DNA value, while the ordinate represent the number of cells examined. The mean
percentage value of the G1-cells constitutes 10.44%, the S-phase cells constitute 3.81% and
the G2 cells 0.41% (Table 1).
In addition, figure 4 (B and C) shows that Nexavar causes apoptosis by 15.41% and 13.72% in
both groups 2 and 3, respectively. Liver genotoxicity induced by Nexavar for 15 and 30 days
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Figure 3. Photomicrograph of liver sections stained for polysaccarides by PAS (A1, 2&3)
and for total protein by Bromophenol Blue (B1, 2 &3) showing: A1. Control liver section
with strong +ve PAS reaction in the cytoplasm of hepatocytes. A2.Treated liver section with
Nexavar (60 mg/kg body weight/day) for 15 days showing decreased PAS reactivity in the
cytoplasm of hepatocytes. A3. Treated liver section with Nexavar (60 mg/kg body weight/day)
for 30 days showing marked decreased PAS reactivity in the cytoplasm of many hepatocytes.
(PAS – X, 200). B1. Photomicrograph of liver section stained for total protein by bromophenol
blue (BPB) showing dense blue reaction in control rats indicating high protein content. B2.
Liver sections of treated rats with Nexavar (60 mg/kg body weight/day) for 15 days showing
decreased stainablity of BPB +ve materials. B3. Strong decreased in bromophenol blue +ve
materials were observed in hepatocytes of rats treated with Nexavar (60 mg/kg body
weight/day) for 30 days. (Bromophenol blue – X, 200).
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decreases the G1 cells constitute to 5.08% and 6.50% and increases the S-phase cells constitute
to 19.17% and 20.28% respectively. Moreover, the G2 cells increases to 2.32% and 2.45, about
half of the last amount is aneuploidy cells (table 1).

A

B

C
Figure 4. Flow cytometrical histograms of different groups: A: liver section of control rat.
B: liver section obtained from a rat treated with Nexavar (60 mg/kg body weight/day) for 15
days by gavage. C: liver sections obtained from a rat treated with Nexavar (60 mg/kg body
weight/day) for 30 days by gavage.
Where, M1= apoptosis, M2= G0//1, M3= S%, M4= G2/M
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Table (1): The apoptosis percentage and the cell cycle phases in different experimental
groups.
Groups
% Total
Apoptosis%
G0/1 phase %
S phase %
G2/M phase %

(Group 1)
Control

(Group 2)
Nexavar for 15 days

(Group 3)
Nexavar for 30 days

12.92
10.44
3.81
0.41

15.41
5.08
19.17
2.32

13.72
6.50
20.28
2.45

DISSCUSION
The multikinase inhibitor Nexavar was recently approved for the treatment of hepatic cellular
carcinoma in the United States and the European Union, and may be used in an increasing
number of countries (14). Severe side effects may limit or even exclude therapy with Nexavar
(15 and 16). On the other hand, tumor independent benefits cannot be excluded in Nexavartreated patients (17 and 18). In this concern, the present results suggested that liver tissues may
be at a higher risk for Nexavar-induced liver damage. This study indicated that Nexavar
induced marked histopathological, histochemical and cytological alterations in the liver tissues
of male albino rats, including inflammatory infiltration, hyperplasia, periportal fibrosis, marked
disruption of hepatic cords and dilated blood sinusoids. In addition, many degenerated
hepatocytes, enlargement of hepatocyte cytoplasm and karyomegaly with many vacuolated and
pyknotic nuclei indicating apoptosis.
The morphology of the cytoplasmic vacuoles observed in the present study was indicated that
they may be represent fat droplets which had dissolved via dehydration during the tissue
processing. Salem and Wahba revealed that these vacuoles represent hydropic degeneration
in the affected cells (19 and 20). In this respect, Venditti considered the cytoplasmic
vaculation in the animal cells as a result of the break-down of lipoprotein complexes in the
affected cells (21). Both lipolytic (fatty) or hydropic degeneration were reported by ElShershaby who studying the effect of the antifungal drug Itraconazole on the liver of pregnant
rats and their fetuses (22).
The liver is known to accumulate significant amounts of Nexavar, second to the kidney, thus
hepatotoxicity can be associated with Nexavar treatment (23). Clinical evidence of Nexavarinduced liver injury has been demonstrated by elevated activities of serum enzymes and
bilirubin levels (24).
In the same context, Ting, reported that the presence of both focal inflammation and portal
inflammation, focal congestion and hemorrhage, focal hepatocyte apoptosis and lytic necrosis
in the rats administered a single dose Sorafenib (10 mg/kg, p.o.) (25).
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In 2014, Roberto demonstrated that hepatotoxicity is a relatively common adverse event
occurring in 23–40% of patients with HCC who are treated with tyrosine kinase inhibitors
(TKIs) such as Nexavar, and it is manifested by increased AST and ALT levels (26). The
histopathological alterations characteristic of TKIs-induced hepatotoxicity such as sinusoidal
congestion, hepatocyte necrosis, inflammation and hepatocyte loss around the hepatic venue in
a patient with gastrointestinal stromal tumors (27 and 28).Similar histopathological alterations
(lobular hepatitis with mononuclear cell infiltration and hepatocyte necrosis) characteristic of
Sorafenib-induced hepatotoxicity have been reported in many case reports (16, 29 and 30).
The mechanism by which Sorafenib induces hepatotoxicity remains unclear. A review of the
literature of liver biopsies revealed centri-lobular hepatocellular necrosis and lympho-plasma
cellular and granulocytic infiltration of the portal tracts with significant eosinophilia, consistent
with hyper allergic drug reactions (25).
According to Farber, the cell death results from naturally occurring apoptosis (physiological
apoptosis) or from irreparable cell injury (pathological apoptosis) (31). Apoptosis is a common
feature of hepatotoxicity induced by many chemicals; it may precede necrosis, as in the
hepatotoxicity induced by thioacetamide (32), or it may occur concurrently with necrosis as in
hepatotoxicity associated with acetaminophen (33). Hobeebu reported that necrosis may be
due to the direct attack of the cell membrane by the toxicant or interacting with some specific
components of metabolic pathway (34). In 1999 Leek demonstrated that necrosis may be due
to the decrease in blood supply to an area of the tissue and to the focal macrophages infiltration
(35).
Nexavar as a multikinase drug is thought to kill cells primarily by forming DNA adducts,
causing G2 arrest in the cell cycle, triggering apoptosis (36). This findings were in agreement
with our cytological results showed previously in table 1.
A number of studies indicated that enzyme activation of Nexavar begins with the drug
conversion to a free radical via one-electron reduction, and such a reaction is catalyzed by
several enzymes, including P-450 reductase (37). In the present study, hepatic damage as
mentioned above was accomplished by inflammatory cells forming granulomatous lesions and
periportal fibrosis after Nexavar administration. According to Reynaert and Friedman,
Nexavar has been shown to induce accumulation of inflammatory cells, and this may associated
with increased activities of tissue aminotransferases (ALT & AST), LDH and ALP (38 and
39).
Lysosomal enzymes discharged from disintegrated cells have a key role in the induction of
necrotic changes. Where lysosomes are responsible for regulated degradation of the autophagic
vacuoles. In apoptosis, lysosomes degrade the contents of phagocytic vacuoles derived from
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engulfed apoptotic blebs. Telbisz mentioned that activation of autophagy is frequently
observed in different types of pathological tissue degeneration (40).
The present study showed that treated rats with Nexavar caused a depletion of the total
carbohydrate contents and marked decrease in protein contents in the cytoplasm of the
hepatocytes. Depletion of glycogen that was observed in the present study was most probably
consequent to hydropic and fatty degeneration manifested in this work, or may be due to the
damaging effects of Nexavar on the cytoplasmic organelles and the associated enzymes, where
Popp and Cattley reported that the decrease in mucopolysaccharides content in tissues may
be due to disturbed role of Golgi apparatus which is responsible for synthesis of
polysaccharides (41). Andreassen added that mitochondrial dysfunction can lead to energy
deficiency, ionic imbalance, and elevated reactive oxygen species (ROS) and oxidative damage
(42). According to Nelson the disturbances in the total carbohydrate contents were suggested
to be achieved through modifying the activities of the enzymes of glycolytic pathway,
tricarboxylic acid cycle (TCA), glycogenesis and the oxidation of phosphorylation (43).
The histochemical changes observed in the present work showed clear reduction in the protein
contents that may reflects a disturbance in protein synthesis. Also, Sivaprasada found that the
reduction of protein contents may be attributed partially to the hyperactivity of hydrolytic
enzymes or may be due to the biological reactive intermediates; which are electron-deficient
compounds (electrophiles) that bind to cellular electron-rich compounds (44). Such as proteins
and lipids reactive intermediates bind covalently to critical cellular macromolecules and
interfere with normal biologic activity (45). This may referred to the consequence of the
damage produced in the rough endoplasmic reticulum and Golgi apparatus and detachment of
ribosomes by diclofenac sodium as reported by Elewa (46).

CONCLUSION:
The present study showed that Nexavar treatment induces liver damage that was performed by
histological, histochemical and cytological changes. These changes may be due to the effects
of reactive oxygen species (ROS) which could damage the cellular elements.
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