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ABSTRACT:

Chemotherapy for malignant tumours has diversified,
and recognizing its side effects has become more
important than ever. Capecitabine (Xeloda) was
established as a treatment option in colorectal cancer
in 2001, and more recently for adjuvant treatment of
colon cancer and treatment of metastatic breast
cancer, but this was associated with severe toxicities.
The present work investigated the protective role of
vitamin C against Capecitabine—induced liver toxicity
in rats. Forty male albino rats were randomly divided
into four groups of 10 animals each. Group |
represents the control group; Group |l were
administrated Capecitabine (3 mg/m? twice daily) via
gavage for two weeks. The animals of Group Il
received vitamin C (100 mg/kg BW) before
Capecitabine administration; the animals of Group IV
received vitamin C alone (100 mg/kg BW). At the end
of the 2" week, the general status of the rats,
histopathology and Immunohistochemistry of the liver,
and the levels of serum alanine aminotransaminase
(ALT), aspartate aminotransaminase (AST), and
alkaline phosphatase (ALP) levels were detected.
The present results showed that Capecitabine caused
significant increases in serum ALT, AST, and ALP.
Also, the results of the present study showed that
Capecitabine produced a severe inflammatory lesion
to the liver compared to the control group. PCNA
expression was increased in the liver of
Capecitabine-treated rats. Administration of vitamin C
exhibited significant reversal of Capecitabine-induced
toxicity in the hepatic tissue. In conclusion, these
results suggest that vitamin C has a protective role
towards Capecitabine toxicity in the rat.
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INTRODUCTION:

Chemotherapy is one of the most widely-
used interventions for treatment of cancer.
The cytotoxic effect of cancer chemotherapy
is not selective for cancer cells; it also affects
the normal tissues. The amount of the
damage and its severity is based on the type,
amount and duration of drug used to treat the
disease (Liu, 2009; Minami et al., 2010). One
of the major limitations in the currently
available treatment modalities for cancer is
their side effects (Joensuu, 2008).

Chemotherapy agents can be divided
into several categories based on factors such
as how they work, their chemical structure,
and their relationship to another drug. The
most important categories of
chemotherapeutics include alkylating agents
(e.q., cyclophosphamide, ifosfamide,
melphalan, busulphan), antimetabolites (e.g.,

5-fluorouracil, capecitabine, methotrexate,
gemcitabine), antitumour antibiotics (e.g.,
daunorubicin, doxorubicin, epirubicin),
topoisomerase inhibitors (e.g., topotecan,

irinotecan, etoposide, teniposide), and mitotic
inhibitors (e.g., paclitaxel, docetaxel,
vinblastine, vincristine) (Lamson and Brignall,
1999; Wu, 2006). Most the chemotherapeutic
drugs target the cell cycle machinery relying
on the difference in the frequency of cell
division to differentiate between the cancer
clones and normal cells. Within this process
slow-growing cancer clones will survive and
evolve into new fast-growing strains.
Chemotherapy is able to kill off most of the
susceptible tumour cells succeeding to send
cancer into remission for weeks or months
after which it reemerges as a more aggressive
organism (Parris, 2005; Harless and Qiu,
2006).

Capecitabine (N4-pentiloxicarbonil-5’-
desoxi-5- fluorcitidine) (Xeloda) is considered
a standard treatment option in advanced
colorectal cancer (CRC) (Cassidy et al., 2008)
and as adjuvant therapy in colon cancer
(Haller et al., 2010). Capecitabine (Xeloda) is

an orally administered precursor of
fluorouracil (5-FU), a fluoropyrimidine
antimetabolite. It is converted through a
series of enzymatic steps to 5-FU

preferentially in tumour tissue, and also in the
liver, by way of a three-step enzymatic
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cascade (Miwa et al., 1998). Capecitabine is a
relatively new agent, with FDA approval in
2001 for use as an alternative to the Mayo
Clinic 5-FU/folinic acid regimen for metastatic
colon cancer. It has since been approved for
use in the adjuvant treatment of colon cancer,
as well as for metastatic breast cancer.
Capecitabine is also suitable for combination
with a variety of agents, particularly those
known to further up regulate thymidine
phosphorylase (TP) in tumour tissue, such as
paclitaxel, taxotere, and mitomycin-C
(Sawada et al., 1998; Endo et al., 1999;
Ishitsuka, 2000).

Capecitabine itself is not cytotoxic, but it
becomes effective after it has been converted
to 5-FU in tumour cells (Schuller et al., 2000).
However, as the use of capecitabine becomes
more widespread, its side effects, including
cardiotoxicity, appear to be similar to those of
5-FU (Van Cutsem et al., 2002; Kelly et al.,
2013).

The common clinical side effects of
Capecitabine include myelosuppression,
diarrhea, vomiting and mucositis. Extensive
investigations have been conducted on the
hepatotoxicity of this anticancer drug. There
is very limited information concerning with the
effects of Capecitabine on the histology and
enzyme activities of serum changes of the
liver cells. Further, a variety of agents
including antioxidants have been shown to
attenuate the hepatotoxicity of Capecitabine.
Like other chemotherapeutics, Capecitabine
causes excessive reactive oxygen species
(ROS) generation and also induces a
decrease in plasma antioxidant levels, which
may reflect a failure of antioxidant defence
mechanism against oxidative damage. Much
attention has been given to the possible role
of antioxidants in protecting liver against
chemotherapy-induced toxicity (Behling et al.,
2006).

Vitamins have indispensable role in
almost all bio- chemical reactions and they
are ideal antioxidants able to increase tissue
protection from oxidative stress due to their
easy, effective and safe dietary administration
in a large range of concentrations (Kanter et
al., 2005). Vitamin C (ascorbic acid, VC), a
known chelating agent with non-enzymatic
antioxidant features, was reported to have the
ability to protect cells from oxidative stress
(Patra et al., 2001; Murugesan et al., 2005). It
is the most important free radical scavenger
in extracellular fluids, trapping radicals in the
aqueous phase and protecting the biological
membranes from peroxidative damage (Patra
and Swarup, 2004; Rai et al., 2009). These
properties of the Vitamin C are thought to
provide many beneficial effects against organ
damages. Thus, the aim of the present study
was to investigate the possible protective
effect of Vitamin C as an antioxidant using
measurement of the activities of liver
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enzymes, and detecting the alterations of
hepatic microscopy in Capecitabine-induced
liver of rats.
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MATERIAL AND METHODS:
Chemicals:

Capecitabine was obtained from CIPLA
LTD Company. Vitamin C (as ascorbic acid)
was obtained from Pharco Pharmaceutical
Company, Alexandria, Egypt. Assay
Biochemical assays commercially- available
kits were purchased from Sigma Diagnostics,
St. Louis, MO, USA. Immunohistochemistry
kits were purchased from Lab vision thermo-
scientific immunohistochemistry solutions.

Animals and treatment:

Healthy male albino rats, each weighing
150 +7 g, were obtained from Veterinary
Science Institute, Helwan, Cairo, Egypt. The

animals were housed in plastic cages;
exposed to a 12 h light/dark cycle. The
animals were allowed to acclimatize in the

laboratory environment for 10 days before
start of the treatments. They were maintained
on a standard rodent diet composed of 20%
casein, 15% corn oil, 55% corn starch, 5%
salt mixture, and 5% vitaminzed starch
(Egyptian Company of Oils and Soap Kafr-
Elzayat, Egypt), and water was available ad
libitum. Forty rats were randomly divided into
four groups, each of ten animals:

The first group (G1):

The rats of this group served as
controls; fed on a standard diet and given tap
water.

The second group (G2):

Capecitabine tablets (500 mg) were
dissolved in 30 ml distilled water. The solution
was administered orally at a dose of 2 ml 16
mg/BW twice daily for 14 consecutive days.
The dose was calculated according to Paget
and Barnes (1964).

The third group (G3),

The rats of this group orally
administered Capecitabine (16 mg/ BW twice
daily) plus vitamin C at a dose of 100 mg/kg
BW, (Al-Shamsi et al., 2007) 24 h prior to
Capecitabine, administration.

The fourth group (G4):

The rats of this group administrated
vitamin C (100 mg/kg BW orally) once daily
for 14 consecutive days.

The experimental protocols held on the
animals were in accordance with the guides of
the Animal Ethics Committee of Alexandria
University.

Relative liver weight as a ratio of body
weight (hepatosomatic index):

Body and liver weights of the control
and treated rats were measured by employing
an automatic balance (GX-600, Japan). Liver
was removed and washed with ice-cold saline,
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dried on filter paper and weighed immediately.
The liver ratio was calculated with the
following formula,

Organ ratio (%) = organ weight (g) x
100/body weight (g)
Biochemical assays:

All the rats were sacrificed and blood
was collected, by carotid bleeding in
centrifuge tubes. The serum was separated
and used freshly for the assessment of liver
function tests. For the biochemical study,
serum Aspartate Transaminase (AST) and
Alanine Transaminase (ALT) activities were
measured according to the method of Reitman
and Frankel (1957), by available kit. Alkaline
Phosphatase (ALP) was assayed according to
the method of Rec (1972).

Histopathological observations:

For histological study, the liver tissues
were isolated from all the experimental rats
and were gently rinsed with physiological
saline solution (0.9% NaCl) to remove blood
and debris adhering to the tissue. Small
pieces of the liver were collected (at least five
pieces) were taken from each rat, and then
fixed in 10% neutral buffered formalin for
proper fixation. Following fixation, the
specimens were dehydrated, embedded in
wax, and then sectioned to 5 pm thick. For
histological examinations, the sections were
stained with haematoxylin and eosin (Luna,
1968). After dehydration and clearing, the
mounted slides were examined under
photomicroscope. Six rats from each group
were sacrificed for analyzing the hepatic
histological examinations.

Immunohistochemical Staining:

Tissue samples from liver were fixed in
10% buffered neutral formalin solution. After
the routine alcohol-xylol process, tissue
samples were embedded in paraffin and
sectioned in 5-6 ym. The tissue sections were
cut 1-2 days prior to immunostaining to avoid
potential problems in antigen recognition due
to storage degradation of the cut tissue
sections on glass slides (Prioleau and Schnitt,
1995). Proliferating cell nuclear antigen
(PCNA) was detected in hepatocytes using
the avidin-biotin peroxidase. Paraffin-
embedded liver sections were deparaffinized
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and hydrated. Endogenous peroxidase activity
was blocked by incubation with 3% hydrogen
peroxide for 5 min. The Sections were
incubated over night with PCNA monoclonal
antibody (Dako Corporation, Carpentaria, CA)
and washed with phosphate buffer saline
(PBS) for 5 min. The monoclonal antibody was
then linked with biotinylated goat antimouse
IgG antibody (Daco, LASB Universal Kit) for
30 min. After being washed with PBS for 5
min, the sections were incubated with
streptavidin conjugated peroxidase for 30 min.
Brown nuclear stain was seen in positive
cases of PCNA expression. The Sections
were counter-stained with haematoxylin (Hsu
et al., 1981). To evaluate PCNA labelling
index, the data were analyzed using the
image j IHC profiler software. The percentage
of stained cells was counted in liver sections
from each animal group, and non-overlapping
fields and expressed as the number of PCNA
positive cells/mm?.

Statistical Analysis:

The values are expressed as mean+ SE.
The results were computed statistically SPSS
software package (version 8) using one-way
analysis of variance (ANOVA).

RESULTS:
Body and liver weights:

Death was not observed in any of the
experimental groups during the experimental
period. However, during the experiment, the
rats of the control group and the Vitamin C-
treated group did not show any sign of toxicity
or death. However, Capecitabine-treated rats
showed varying degrees of clinical signs. The
signs included huddling, conjunctivitis, mild
tremor, piloerection and diarrhoea. As shown
in table 1, when compared to the control
group, there was a significant (p < 0.05)
decrease in the liver, as well as the body
weight in the Capecitabine-treated rats after
14 days when compared with the control rats
(Table 1). Animals given Capecitabine and
vitamin C showed a partial increase in the
body and liver weight (p < 0.05) (Table 1)
compared to the controls. Vitamin C-treated
group showed no significant changes in the
body and liver weights.

Table 1. Body weight, liver weight, and relative liver weight of the control and experimental rats

Groups Body weight Absolute liver weight  Relative liver weight

Initial (g) Final (g) % Change (9) (9/100 g body weight)
Control 125.21+2.14 122.12+1.72% -2.46+0.82° 2.39+0.022 1.95+0.01°
Capecitabine 132.62+2.31  12653+254° -459+1.31° 1.96 + 0.05° 1.54+0.01°
Capecitabine + vitamin C 122.71+1.33 123.61+155° 0.73+002 2 2.25+0.05°¢ 1.82+0.03°
vitamin C 116.17 + 2.61 12431+2.71% 7.01+1.22° 2.67+0.022 2.14+0.022

- Values are mean + SE for eight rats in each group.

- Values not sharing common superscript letters (a-c) differ significantly at p < 0.05 (DMRT).

Biochemical results:

The control group was compared with
the other groups at the end of the 2"* week. In
addition, the Capecitabine-treated group was
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compared to the vitamin C individually or in
combination with Capecitabine-treated groups.
No statistically significant differences were
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observed when vitamin C alone-treated groups
were compared with the control group.

Administration of Capecitabine (3 mg/kg
BW twice daily) caused abnormal liver functions
in all the rats. Serum aspartate aminotransferase
(AST), alanine aminotransferase (ALT) and
alkaline phosphatase (ALP) levels increased
significantly (p < 0.05) in the groups treated with
Capecitabine (Table 2). On the other hand, AST,
ALT, and ALP showed a significant decrease in
sera of animals given Capecitabine and vitamin
C. Treatment with vitamin C alone caused
significant decreases (p < 0.05) in ALP, ALT, and
AST activities as compared to the Capecitabine-
exposed group.
Table 2. Effect of vitamin C on Capecitabine-induced
alterations in the activities of biochemical parameters in
liver of the control and experimental rats

Treatment ALT (U/l) AST (U/l) ALP (U/l)
Control 32.52 +4.25° | 42.83 + 4.26% | 26.31 + 2.25°
Capecitabine | 64.21 + 6.45° | 63.31+5.38° | 48.75 + 4.41°
Capecitabine + a a a
vitamin C 33.22+4.22°% | 41.78 +3.15% | 28.26 + 2.17
vitamin C 34.82+3.18°% | 44.05+4.26° | 24.14 £2.24°

- Values are mean + SE for eight rats in each group.

- Values not sharing common superscript letters (a-c) differ
significantly at p < 0.05.

Histological results:

The examination of the sections of the
control rat liver clearly illustrates normal
architecture; complete hepatic lobules with well
normal polygonal or oval shaped nuclei with
distinct portal triads. The liver cells are arranged
in cordlike fashion, which are separated by
sinusoids and the central vein was seen clearly
(Fig. 1A). In the present study administration of
Capecitabine induced many histological
alterations. The normal structural organization of

the hepatic lobules was impaired and the
characteristic cord-like arrangement of the
normal liver cells was lost. In addition,
degenerated hepatocytes with vacuolated

cytoplasm and rupture of sinusoidal endothelia
were seen. Area of necrosis and infiltration by
inflammatory cells were observed (Fig. 1B&C).
Liver sections obtained from animals treated with
Capecitabine and Vitamin C indicated an obvious
degree of improvement with normal pattern, in
comparison with the rats treated with
Capecitabine (Fig. 1D). Vitamin C -treated rats
showed normal hepatic histology as that of the
control group (Fig. 1E).

A
A
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Fig. 1. Photomicrographs of haematoxylin- and eosin-
stained sections of rat liver. (A & E): The control rats and
animals treated with vitamin C, respectively show
normal cords architecture radiating from the central vein
(CV) which is lined with endothelial cells, the hepatic
cords are separated by the hepatic sinusoids (S) lined
by Kupffer cells (KC). (B & C): Animals administered
with Capecitabine showed severe signs of liver damage;
hepatocytes with  vacuolated cytoplasm, some
hepatocytes showed microvesicular steatosis, dilated
hepatic sinusoids (S), others with binucleated cells and
extensive necrosis, the central vein (CV). (D): Rats
treated with Capecitabine and vitamin C, show the same
histological observations as in the liver of the control
animals.
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Expression of PCNA:

Examination of liver sections of control
and group 4 (orally administrated 100 mg/kg
BW vitamin C, once daily for 14 consecutive
days) indicated that few nuclei displayed
faint stain of PCNA (Fig. 2A&E). However,
PCNA labelling was elevated in Capecitabine
group; they showed stimulation of DNA
synthesis and strong positive stained nuclei
(Fig. 2B&C). On the other hand, the liver
sections of rats that treated with
Capecitabine and vitamin C (G3) showed
more positive stain in some nuclei but less
than that of G2 that administered

Capecitabine only (Fig. 2D & Table 3).
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Fig. 2. (A & E): Liver sections a control rat and animal
treated with vitamin C, respectively show few cells with
proliferating cell nuclear antigen (PCNA) expression, (B

& C): photomicrographs of liver sections of rats after
treatment with Capecitabine showing large number of
cells with PCNA expression, (E): a liver section of rat
after treatment with Capecitabine and vitamin C show
weak positive immunostaining with PCNA.

Table. 3. The liver PCNA labelling protein index in the
level of immune staining contribution in different
experimental groups

Percentage contribution

Groups of Positive
Control 8.67 + 1.03%
Capecitabine 23.42 +6.83"
Capecitabine + vitamin C 15.84 + 3.32°
vitamin C 11.21 +1.222

On Line ISSN: 2090 - 0503

Data are means + SE. Means in the same column with
different superscript letters are significantly different,
P < 0.05 (one-way ANOVA).

DISCUSSION:

The liver plays an astonishing array of
vital functions in maintaining, performing and
regulating homeostasis of the body. It is
involved with almost all the biochemical
pathways to growth, fight against diseases,
nutrient  supply, energy provision and
reproduction (Sharma et al., 1991).

Hepatotoxicity implies chemical-driven
liver damage. Certain medicinal agents, when
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taken in overdoses and sometimes even when
introduced within the therapeutic ranges, may
injure the organ.

The present study revealed that
Capecitabine-induced liver injury in rats.
Hepatotoxicity in this study was gauged by
liver and body weight loss. The loss of the
body weight was due to loss of skeletal
muscles and adipose tissue as previously
suggested by Devlin (1997). Moreover, the
reduction in the body weight of the animals of
this study may be due to decreased food
intake. These results were in accordance with

those of Lee et al. (2007) who indicated that
treatment of mice with cisplatin resulted in
liver weight loss and a significant reduction of
its percentage to the total body weight in
mice. It is believed that intestinal conversion
of capecitabine to cytotoxic agent 5'-deoxy-5-
fluorocytidine (5'-DFCR) is responsible for
gastrointestinal adverse events (Gl AEs), but
the exact mechanism is not yet known (Saif et
al., 2008; Miwa et al., 1998; Schiller et al.,
2000). The decrease of body weight of
Capecitabin-treated rats might be due to
gastrointestinal toxicity and dysfunction or
due to of the anorexic effect of the drug and
the increased metabolic rate, which were
considered side effects of the chemotherapy
(Ershler, 2006).

The hepatic cells participate in a variety
of metabolic activities and contain a host of
enzymes. The liver functions are in a
coordinated way with various systems of the
body and any disease involving this organ has
a serious and far-reaching effect not only on
the liver itself but also on other organs and
systems. The present study showed a
significant hepatic damage elicited by the
elevated level of serum marker enzymes, AST
and ALT in rats with Capecitabine treatment
alone in comparison with the control group.
The increased serum levels of the hepatic
markers have been attributed to the liver
injury, because these enzymes are released
into circulation in case of cellular damage (Lin
et al., 2000). The present data are in
agreement with Brandolt et al. (2011) who
reported that all the patients from both sexes
had higher levels of ALT and AST when using
capecitabine. The same result was also
obtained by Sakr et al. (2011) who reported
that Adriamycin induced hepatotoxicity in
albino rats. In addition, Injac et al. (2008)
reported that treatment with doxorubicin
caused significant changes in the serum level
of AST, ALT, aspartate, LDH, and
hydroxybutyrate dehydrogenase. These
results are in agreement with the previous
reports on 5-FU-induced hepatotoxicity (Zorzi
et al., 2007; Mikalauskas et al., 2011) who
reported that when 5-FU has been given
intravenously for the treatment of breast and
gastrointestinal cancers, it is metabolized in
tissues to its active form, 5-fluoro-

ISSN: 2090 - 0511

On Line ISSN: 2090 - 0503

Egypt. J. Exp. Biol. (Zool.), 11(1): 61 — 69 (2015)

deoxyuridine monophosphate, which inhibits
thymidylate synthase. 5-FU is also
catabolized primarily in the liver, as
dihydrouracil, and the reduced compound is
then cleaved to a-fluoro-B-alanine, ammonia,
urea, and carbon dioxide which cause
hepatotoxicity. Administration of vitamin C
attenuated the increased levels of the serum
enzymes, produced by Capecitabine and
caused a subsequent recovery towards
normalization in the form of recovery of serum
parameters by different test samples. This
suggests that vitamin C is beneficial for liver
regeneration and for reverse of liver injury.

Treating rats with Capecitabine caused
many  histological alterations including
leucocytic infiltration added to blood vessels
congestion and necrosis in the liver. In
addition, these results showed an intense
cytoplasm vacuolization of the hepatocytes
and widening of the sinusoids. These results
agree with those obtained by Cetin et al.
(2011) who reported severe degeneration and
necrosis in hepatocytes, dilatation and
congestion of sinusoids, increased number of
Kupffer cells and inflammatory cell infiltration
in the hepatic portal areas in rats treated with
cisplatin. Similar observations were reported
in the liver of rats treated with 5-FU, cisplatin
and doxorubicin (El-Sayyad et al., 2009).

Sakr et al. (2011) observed that
Adriamycin administration to rats resulted in
dilatation and congestion of the hepatic
sinusoids and of the intrahepatic veins. The
present results also agree with those obtained
by Klatskin and Ocean (1993) who suggested
that dilatation of the blood sinusoids would be
due to the direct toxic effect of the toxin on
the blood sinusoids leading to their dilatation.
These results are in agreement with the
previous reports on 5-FU-induced
hepatotoxicity (Mikalauskas et al., 2011).
However, treatment with vitamin C decreased
hepatotoxicity features in rat liver, suggesting
that vitamin C provided protection against
Capecitabine-induced liver injury.

Most non-growing cells contain little
PCNA mRNA and protein (Kelman, 1997).
Thus, activated synthesis is necessary for the
purpose of DNA repair after genotoxic insult
in populations of non-growing cells. PCNA is
well-established as a useful marker for
replication of DNA (Dierendonck van et al.,
1991). In the present study, PCNA rates were
markedly elevated in the liver cells of
Capecitabine-treated rats as compared with
the control rats. This may be attributed to the
response of hepatocytes to liver damage.

The proliferating cell nuclear antigen
(PCNA) is a wuseful tool for studying the
proliferating cells in normal tissues, and

possible apparent expression in neoplasm
indicating division and proliferation of the
cells. Previous studies demonstrated that the
PCNA labeling index increased sequentially
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from normal tissue through the premalignant
stage to carcinoma of various tumours (Roy et
al., 2007). The PCNA values were found to
affect prognosis adversely, where it is an
auxiliary protein present during the G1- the
latest phase and S phase. The increased
PCNA of HCC is closely correlated with the
advanced histologic grades, pathologic
stages, and poor patients’ outcome (Zafar and
Ali, 2013).

Intake of antioxidant vitamins which
are widely distributed in fruits could be
beneficial in protection against hepatotoxicity
(William, 1995). Vitamin C is a well-known
antioxidant, which can protect the body from
damage caused by free radicals that can be
generated during normal metabolism as well

as through exposure to toxins and
carcinogens (Banerjee et al., 2009). Many
studies reported that vitamin C

supplementation could ameliorate cisplatin-
induced acute renal failure in mice (Ajith et
al., 2007) and protected cells against radical
mediated lipid peroxidation (Cuddihy et al.,
2008). Other articles suggested that vitamin C
reduced the oxidative stress-induced renal
failure (Ferretti et al., 2008).

The present results showed that treating
rats with Capecitabine and vitamin C
improved the histopathological and enzyme
activities changes induced in the liver by
Capecitabine. This indicated the effectiveness
of vitamin C in prevention of Capecitabine
hepatotoxicity, and this runs in agreement
with Atasayar et al. (2009) who demonstrated
that combined treatment of vitamin C and E
with a single acute dose (toxic dose) of
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