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ABSTRACT

Cyclophosphamide (CPA) is an alkylating agent widely used as an anticancer and
immunosuppressive drug. Fennel (Foeniculum vulgare Mill) essential oil is a traditional medicine
used against many diseases. The present work studied the effect of fennel oil against liver damage
induced by the anticancer drug, cyclophosphamide (CPA) in albino rats. Animals were divided into
4 groups: groupl: control, group2: orally given fennel oil (1 ml/kg body weight once a week for six
weeks), group3: treated with CPA (15 mg/kg body weight once a week for six weeks) and group4:
treated with CPA and fennel oil. The liver removed for histological and immunohistochemical
preparation. Blood was collected and sera were prepared for biochemical analysis. The results
revealed that CPA caused histological alterations in the liver including degeneration of hepatic
cells, cytoplasmic vacuolation, fatty infiltration and congestion of blood vessels.
Immunohistochemical observations revealed that both cell proliferation marker Ki67 and apoptotic
marker caspase-3 were increased. Biochemical results revealed increase in the liver enzymes
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to the antioxidant property of fennel oil.

activity ALT and AST. Treating rats with CPA and fennel oil caused an improvement in the
histological structure of the liver and decreased Ki67 and caspase-3. Moreover, ALT and AST
activity appeared with normal value. It is concluded that administration of fennel oil exhibited
ameliorative effect against CPA-induced hepatic toxicity in albino rats. This effect may be attributed
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1. INTRODUCTION

Cyclophosphamide (CPA) is a nitrogen mustard
alkylating agent, an anticancer, anti-neoplastic
agents. The main use of cyclophosphamide is
with other chemotherapy agents in the treatment
of lymphomas, myloma some forms of brain
cancer, leukemia, mycosis, neuroblastoma,
retinoblastoma, breast cancer [1]. Oral
cyclophosphamide is rapidly absorbed and then
converted by mixed-function oxidase enzymes
(cytochrome P450 system) in the liver to active
metabolites [2]. Cardiotoxicity is a major problem
with people treated with higher dose regimens
[3]. In addition, CPA was found to affect male
reproduction. Nicolini et al. [4] showed that the
biological actions of cyclophosphamide are dose-
dependent. At higher doses, it is associated with
increased cytotoxicity and immunosuppression,

while at low, continuous doses, it shows
immunostimulatory and antiangiogenic
properties.

Anton [5] reported that CPA induced many
histopathological changes in the liver of mice
after a single i.p dose. CPA has been reported to
produce genotoxicity and oxidative stress in mice
[6] and early lung injury in rats [7].

Medicinal plants contain phytochemicals and
numerous chemical compounds, which are used
in treatment of different diseases. Fennel plant
(Foeniculum vulgare) is a medicinal plant
belongs to the family Apiaceae (Umbelliferae) [8].
This herb is traditionally used as treatment for
colic, wind, irritable bowel, kidneys, spleen, liver,
lungs, suppressing appetite, breast enlargement,
promoting menstruation, improving digestive
system, milk flow and increasing urine flow [9].

Essential oils of fennel have hepatoprotective
effects [10] as well as anti-inflammatory, and
antioxidant activities [11]. Many phytochemical
studies have been conducted to study the
chemical composition of the essential oil of
fennel from different origins and have shown that
the major components are phenylpropanoid

derivatives and monoterpenoids [12]. The
present work investigated the effect of fennel oil
on cyclophosphamide-induced hepatic toxicity in
albino rats.

2. MATERIALS AND METHODS

2.1 Chemical and Plant Used

2.1.1 Endoxan (cyclophosphamide)

Endoxan was obtained as tablets from Baxter
Oncology Halle, Germany.

Each tablet contains 50 mg cyclophosphamide.
Endoxan was dissolved in distilled water and
orally given by gastric tube at a dose level of 15
mg/kg body weight once a week for six weeks
[13].

2.1.2 Fennel oil

Fennel essential oil (FEO) was purchased from a
local market at shebin ElI-Kom, Menufyia
Governement (El Masry Everline company).
Fennel essential oil was given at a dose level of
1 ml/kg body weight once a week for six weeks
[14].

2.2 Experimental Animals

Forty eight healthy adult male albino rats (Rattus
norvigicus), three months age weighting 150+10
g were purchased from experimental rat house
localized in Helwan. Animals were kept in plastic
cages (each contained six animals) in the animal
house for two weeks before the experimental
work. Animals were kept at 25 + 2T with
relative humidity of 50-60% and on 12 h light/ 12
h dark cycle. They received a standard diet
composed of 50% barley, 20% yellow corn, 20%
dry milk, 10% different vegetables and tap water.
The study and all procedures were approved by

the Animal Care and Bioethics Committee,
Menoufia University, Egypt (Approval No.
MNSH175). Animals were divided into four
groups.



Group 1 (Control group):  Animals of this group
(12 rats) were served as control group and were
given standard diet and tap water.

Group 2 (Fennel oil group): Animals of this
group (12 rats) were orally given fennel oil at a
dose level of 1 ml/kg body weight once a week
for six weeks.

Group 3 (CPA group): Animals of this group
(12 rats) were orally treated with endoxan at
a dose of 15 mg/kg body weight once a week
for six weeks. 6 animals were selected after 3
weeks and another 6 were selected after 6
weeks.

Group 4 (CPA+Fennel oil group):  Animals
were given endoxan and then after two hours
they were given fennel oil, with the same doses
of group 2 and 3.

2.3 Histological Studies

For histological study, liver immediately removed
after 3 and 6 weeks, and fixed in 10% formalin
for 24 hours. Specimens were dehydrated in
ascending series of ethyl alcohol, cleared in two
changes of xylene, infiltrated in three changes of
molten paraffin (melting point 58-60C) and then
embedded in molten paraffin blocks. Paraffin
sections (5 micron thickness) were sectioned
using a rotary microtome and mounted on clean
glass slides. Sections were stained with Ehrlich’s
hematoxylin and counter stained with eosin for
histological examination.

2.4 Immunohistochemical Studies

For Immunostaining methods of ki67 and
Caspase-3, slides were deparaffinized in xylene
and rehydrated in a series of graded alcohol
concentrations. Then rinsed in phosphate-
buffered saline (PBS) containing 0.1% tween-20.
Antigen retrival was performed by placing slides
in sodium citrate solution (PH 6.0) at 90<C.
Avidin (0.001% in PBS) and biotin (0.001% in
PBS) were blocked in each section by using
Avidin/biotin blocking solutions, where sections
were incubated and rinsed with PBS between
steps. Sections were incubated with monoclonal
primary rat antibodies (Neo Markers, Cat.#Ms-
113-P, Fremont, CA,USA), at appropriate dilution
(1:200) in antibody diluent, directed against rat
Ki-67 or Caspase (each antibody was used
separately to react on different slides) at room
temperature. Slides were washed in PBS-Tween
20. Sections were incubated in peroxidase
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blocking solution (3%H,0, in PBS) at room
temperature. Slides were washed in PBS-Tween
20. Sections were incubated in biotinylated
secondary antibody in PBS at room temperature.
Slides were washed in PBS-Tween 20. For
detection, sections were incubated in horse
radish peroxidase (HRP)-streptavidin solution at
room temperature. Slides were washed in PBS-
Tween 20. Sections were incubated in
peroxidase substrate solution “3,3-
diaminobenzidine tetrahydrochloride (DAP)” until
adequate color was developed. Slides were
washed in PBS-Tween 20. Sections were
counterstained with hematoxylin, dehydrated
through garded alcohol series, clear in xylene
and mounted with DPX [15].

2.5 Biochemical Analysis

For biochemical analysis, blood samples were
collected in clean centrifuge tubes. Blood
samples left to clot in room temperature and then
serum separated by centrifugation at 3000 rpm
for 20 minutes. The collected serum stored at -18
-20C until analysis. The activities of alanine
aminotransferase (ALT) and aspartate
aminotransferase =~ (AST) were  estimated
according to the method of Reitman and Frankel
[16].

2.6 Statistical Analysis

Data were expressed as mean +* standard
deviation (SD). The significance of differences
means was evaluated by using independent
sample t test. All statistical analysis was
performed using SPSS statistical version 16
software package.

3. RESULTS

3.1 Histological Observations

The liver of control animal is formed of hepatic
lobules which are made up of radiating plates,
cords, or strands of cell forming a network
around central vein. The strands are alternating
with narrow blood sinusoids also radically
extending along the liver lobule. The sinusoids
are narrow blood space with irregular boundaries
composed essentially of only a single layer of
fenestrated endothelial cells in addition to large
irregularly shaped cells of the mono nuclear type
(The von kuffer cells) which are known to be
activity phagocytic cells seen in (Fig. 1-A). The
bile ductules appeared rounded or oblonged in
shape according to the plane of sectioning. It is



bounded by a layer of cuboidal cells encircled by
a thin sheath of connective tissue. The portal
vein is wide in size, being either empty or
containing a few blood cells, whereas the hepatic
artery branches are much narrower and are
devoid of any blood cells (Fig. 1-B). Liver of
animals treated once a week with fennel oil for
three and six weeks showed nearly normal
histological structure (Fig. 1-C).

Liver of animals examined after three weeks
of treatment with CPA exhibited a distinct
histological change when compared with control
group. After three weeks of treatment with
cyclophosphamide the liver lost the arrangement
of the cells. In addition, central veins were
congested with blood (Fig. 2-A), and after six
weeks of treatment with cyclophosphamide the
hepatic cells were damaged and lost their
characteristic appearance, the hepatocytes
showed cytoplasmic vacuolation and congested
blood vessels (Fig. 2-B). Leucocytic infiltration
(Fig. 2-C), and fatty infiltration was observed
(Fig. 2-D).

Liver of rats treated with CPA and fennel oil for 3
weeks showed an improvement in the
histological appearance of the liver with few
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leucocytic infiltration (Fig. 3A). After 6 weeks of
treatment with cyclophosphamide and fennel oil,
the histological picture of the liver appeared
better than liver of animals treated only with
cyclophosphamide. The hepatocytic tissue
appeared normal and hepatocyte were restored
the normal appearance with normal cytoplasm
and nuclei (Fig. 3-B).

3.2 Immunohistochemical Results

3.2.1 The expression of Ki-67

In control group, Ki-67 was expressed in the
nuclei of the hepatocytes as brown color. On the
other hand, the negative nuclei of the
hepatocytes are stained blue with hematoxylin
(Fig. 4-A). Animals given fennel oil for six weeks
showed expression of Ki-67 in the nuclei of
the hepatocytes nearly similar to control group
(Fig. 4-B). After six weeks of treatment with
CPA an increase in expression of Ki-67
immunoreactivity were observed in most of the
nuclei of the hepatocytes (Fig. 4-C). Liver

sections obtained from rats treated with CPA
followed by fennel oil for six weeks, showed a
decrease in expression of Ki-67 immunoreactivity
in the nuclei of

hepatocytes (Fig. 4-D).

Fig. 1. A) A photomicrograph obtained from central

area of liver of a control rat showing

central vein (CV), hepatocyte (H), kuffer cells (K)

and sinusoid (S), (H&E). B) A

photomicrograph obtained from portal area of liver

and bile duct (BD), (H&E). C) A Photomicrograph obt

oil for six weeks showing normal structure of hepat

Photomicrograph obtained from liver of a rat treate

of a control rat showing portal vein (PV)
ained from liver of a rat treated with fennel
ocyte (H) and central vein (CV), (H&E). D) A
d with CPA for three weeks showing

congested and enlarged central vein, (H&E)



The results in Fig. 5 showed the percentage area
of Ki-67 positive nuclei of the hepatocytes in the
different experimental animals after six weeks.
The percentage area of Ki-67 positive nuclei of
the hepatocytes showed a significant increase
(P<0.05) in rats treated with CPA when
compared with control groups. Treatment of rats
with CPA followed by fennel oil for six weeks,
resulted in a significant decrease of Ki-67
positive nuclei of the hepatocytes when
compared with CPA groups.

3.2.2 The expression of caspase-3

In control group, caspase-3 was expressed in
cytoplasm of few hepatic cells as brown color.
The cytoplasm of hepatic cells stained weakly
(Fig. 6-A). Animals given fennel oil for six weeks
showed expression of caspase-3 in cytoplasm
of hepatocytes nearly similar to control group
(Fig. 6-B). After six weeks of treatment with CPA
an increase in expression of caspase-3
immunoreactivity was observed in of cytoplasm
of most of hepatic cells (Fig. 6-C). Liver sections
obtained from rats treated with CPA followed by
fennel oil for six weeks, showed a decrease in
expression of caspase-3 immunoreactivity in the
cytoplasm of hepatic cells (Fig. 6-D). The data in
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Fig. 7 showed the percentage area of caspase-3
expression in cytoplasm of hepatic cells in the
different experimental animals after six weeks.
The obtained data showed there were no
significant differences between control groups
and fennel oil groups. The percentage area of
caspase-3 expression in cytoplasm of hepatic
cells showed a significant increase (P<0.05) in
rats treated with CPA for six weeks when
compared with control groups. Treating rats with
CPA followed by fennel oil for six weeks, resulted
in a significant decrease of caspase-3 expression
in cytoplasm of hepatic cells when compared
with CPA groups.

3.3 Biochemical Results

The change in serum ALT and AST activity is
seen in Figs. 8 & 9. Treating rats with fennel oil
showed non-significant difference in serum ALT
and AST activity in compared with animals of
control group in all treatment periods. On the
other hand, there was a significant increase in
serum ALT and AST activity in animals treated
with CPA for three and six weeks. Animals
treated with CPA and fennel oil for three and six
weeks revealed a significant decrease in ALT
and AST activity in comparison with CPA group.

Fig. 2. A) A Photomicrograph obtained from liver of
showing congested and enlarged central vein, (H&E).
liver of a rat treated with CPA for six weeks showi
vaculation, (H&E). C) A Photomicrograph obtained fr
weeks showing leucocytic infiltration (arrow) and ¢
Photomicrograph obtained from liver of a rat treate

a rat treated with CPA for three weeks
B) A Photomicrograph obtained from
ng congested blood vessel and cytoplasmic
om liver of a rat treated with CPA for six
ongested blood vessels, (H&E). D) A
d with CPA for six weeks showing fatty

infiltration (arrows), (H&E)
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Fig. 3. A) A Photomicrograph obtained from liver of a rat treated with CPA followed by fennel
oil for three weeks showing few leucocytic infiltra tions (arrow),(H&E). B) A Photomicrograph
obtained from liver of a rat treated with CPA follo  wed by fennel oil for six weeks showing

restoration of normal appearance of cytoplasm and n uclei in hepatocyte, (H&E)

Fig. 4. A) A Photomicrograph obtained from liver of a control rat showing expression of Ki-67
in nuclei of hepatocytes as brown color. B) A Photo micrograph obtained from liver of a rat
treated with fennel oil for six weeks showing norma | expression of Ki-67. C) A
Photomicrograph obtained from liver of a rat treate d with CPA for six weeks showed an
increase in expression of Ki-67 in most nuclei of h epatocytes. D) A Photomicrograph obtained
from liver of a rat treated with CPA followed by fe  nnel oil showed a decrease in expression of
Ki-67 in the nuclei of hepatocytes, (Ki-67 immunost  aning, counter stained with hematoxylin)
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Fig. 5. The percentage area (Mean area% + D.S) of Ki- 67 expression in rat liver of different
experimental groups
(*): significant at P < 0.05 compared with control group; (**): significant compared with CP group

Fig. 6. A) A Photomicrograph obtained from liver of a contr ol rat showing expression of
caspase- 3 in cytoplasm of hepatocytes as brown color (arrow ), (caspase -3 immunostaning,
counter stained with hematoxylin). B) A Photomicrog raph obtained from liver of arattr  eated
with fennel oil for six weeks showing expression of caspase -3 in cytoplasm of the hepatocytes
(arrow), (caspase- 3 immunostaining, counter stained with hematoxylin) . C) A Photomicrograph
obtained from liver of a rat treated with CPAfors  ix weeks show ed an increase in expression
of caspase- 3 in most cytoplasm of hepatocytes, (caspase -3 immunostaining, counter stained
with hematoxylin). D) A Photomicrograph obtained fr om liver of a rat treated with CPA
followed by fennel oil for six weeks showed a decre  ase in expression of caspase -3 in the
cytoplasm of hepatocytes, (caspase -3 immunostaning, counter stained  with hematoxylin)
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Fig. 7. The percentage area (Mean area% + (D.S) of Caspase- 3 expression in rat liver of different
experimental groups
(*): significant at P < 0.05 compared with control group; (**): Significant compared with CPA group
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Fig. 8. Effect of different treatments on serum ALT activit  y (U/L) after three and six weeks of
treatment
(*): significant at P < 0.05 compared with control group; (**): significant compared with CPA group
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Fig. 9. Effect of different treatments on serum AST activit  y (U/L) after three and six weeks of
treatment
(*): significant at P < 0.05 compared with control group; (**): significant compared with CPA group



4. DISCUSSION AND CONCLUSION

Cyclophosphamide is an anticancer drug used
for treatment of several neoplasms. On the other
hand it showed several adverse effects including
reproductive and hepatic toxicity in humans and
experimental animals. CPA itself is devoid of
alkylating activity and must first undergo
bioactivation by hepatic microsomal cytochrome
P450 mixed function oxidase system [17,18]. The
main alkylating metabolite, phosphoramide
mustard, is responsible for the therapeutic
activity. However, another metabolite, acrolein,
causes the inactivation of microsomal enzymes
and results in increased ROS generation and
lipid peroxidation in several tissues [19]. The
bioactivation of CPA in hepatocytes targets liver
to its primary cytotoxic attack, resulting in CPA-
induced hepatoxicity and decreased liver weight
[20]. Consuming CPA often follows anorexia,
nausea and vomiting. Its major side effects
include reduced blood cells, elevated con-
centrations of uric acid, decreased gonad
function, causing amenorrhea, azoospermia, and
oligospermia [21,22].

In the present study, results revealed that
treating rats with CPA induced many histological
alterations in the liver and these alterations were
more prominent in animals treated for six weeks.
Histological alterations in the liver include
leucocytic infiltration, congestion of blood vessels
and cytoplasmic vacuolation of the hepatocytes.
Similarly, Sakr et al. [23] reported that CPA
caused many histopathological alterations in the
liver of mice included leucocytic infiltrations,
congestion of blood vessels, dilation of sinusoids,
cytoplasmic vacuolization of the hepatocytes,
activation of Kupffer cells, and apoptosis.
Gustafsson et al. [24] attributed this liver injury to
accumulation of high level of the hepatotoxic 4-
hydroxylate cyclophosphamide metabolite. The
hepatic effect of CPA was observed in different
animals by many investigators [25-27]. Zhang et
al. [28] indicated that activation of CPA by
hepatic cytochrome p450, vyielding cytotoxic
nitrogen mustards capable of reacting with DNA
molecules to form cross links and lead to cell
apoptosis and/or necrosis.

Alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) are liver enzymes and
they have the function of transferring the amino
group from alpha amino acids to alpha-keto
acids. A large amount of ALT and AST is
released in the blood mostly during liver cell
damage [29]. Thus, detection of the serum level
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of ALT and AST allows monitoring liver cell
damage. Significant increase in ALT and AST
levels of sera of CPA treated rats was recorded
in the present study. The same results were also
observed after CPA treatment in albino rats [30].
Sondhi and Gupta [31] reported that treatment of
white Zealand rabbits with CPA for five days
revealed a significant increase in serum ALT and
AST levels.

Immunohistochemical observations revealed
increase in expression of both Ki67 and
caspase-3. Antigen KI-67 is a nuclear protein
that is associated with cellular proliferation.
Furthermore, it is associated with ribosomal RNA
transcription [32]. Inactivation of antigen KI-67
leads to inhibition of ribosomal RNA synthesis
[33]. Caspase-3 is a marker of the early phase of
apoptosis [34] and is essential for certain
processes associated with the formation of
apoptotic bodies [35]. Similar to our results
Sultan and Ayman [36] reported that CPA treated
rats showed significant increase in expression of
the apoptotic marker casepase-3 in liver.

It was reported that CPA-induced toxicity is due

to its oxidative stress. In this concern,
Selvakumar et al. [37] reported that CPA
treatment resulted in elevated MDA levels

because of the excessive generation of free
radicals. Manda and Bhatia, [38] reported that
fifteen days oral administration of CPA induced
depletion in the levels of glutathione peroxidase,
catalase and super oxide dismutase. Reduction
of these enzymes was also recorded in various
tissues as a result of CPA treatment [39,40].

The current study showed that treating rats with
CPA followed by fennel oil revealed nearly
normal appearance of hepatic tissues with a
decrease in the activity of ALT and AST. In
agreement with these results, Sheweita et al. [41]
reported that essential oils extracted from fennel
alleviated hepatotoxicity of CPA in mice through
assessment of hepatotoxicity biomarkers (AST,
ALT, ALP) and histopathology of liver tissue.
Ozbek et al. [42] showed that oil extracted from
F. vulgare has a protective effect against the
toxicity induced by carbon tetrachloride in rat
livers. Al-Amoudi [43] reported that fennel oil
ameliorated valporic acid-induced histological
alterations in liver and kidney of rats. Sameeh et
al. [44] reported that treating rats with
chlorpyrifos with conjugation with fennel oil
caused a statistically significant decrease in
ALT and AST levels when compared with
chloropyrifos groups. Animals treated with CPA



and fennel oil showed a decrease in expression
of Ki-67 and Caspase-3 in liver. These results
indicated the antiproliferative and antiapoptotic
effects of fennel oil.

Fennel extracts including essential oil showed
antioxidant activity. Mohamad et al. [45]
demonstrated that fennel oil acts like antioxidants
due to its ability to inhibit lipid peroxidation.
Fennel essential oil has physiologic antioxidant
activities including the radical scavenging effect,
inhibition of hydrogen peroxides H,O, and Fe
chelating activities where it can minimize free
radical which initiate the chain reactions of lipid
peroxidation [46].

It has been reported that fennel oil contains
different compounds including trans-anethole (1-
methoxy-4-(1- propenyl) benzene or para-
propenylanisole), fenchone and estragole [47]. It
is concluded that administration of fennel oil
exhibited ameliorative effects against CPA-
induced hepatotoxicity in male rats. This effect of
fennel oil might be due to induction of antioxidant
defense systems by one or more of its
constituents.

CONSENT

It is not applicable.

ETHICAL APPROVAL

As per international standard or university
standard, written approval of Ethics committee

has been collected and preserved by the
author(s).

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

Shanafelt TD, Lin T, Geyer SM, et al.
Pentostatin, cyclophosphamide, and
rituximab regimen in older patients with
chronic lymphocytic leukemia. Cancer.
2007;109(11):2291-8.

2. Huttunen KM, Raunio H, Rautio J.
Prodrugs--from  serendipity to rational
design. Pharmacological Reviews.
2011;63(3):750-71.

3. Floyd JD, Nguyen DT, Lobins RL, Bashir

Q, Doll DC, Perry MC. Cardiotoxicity of

10

Sakr et al.; BJPR, 17(2): 1-12, 2017; Article no.BJPR.34197

cancer therapy. J. Clinical
2005;23(30):7685-96.
Nicolini A, Mancini P, Ferrari P, et al. Oral
low-dose cyclophosphamide in metastatic
hormone refractory prostate cancer
(MHRPC). Biomedicine & Pharmaco-
therapy. 2004;58(8):447-50.

Anton E. Ultrastructural changes of stromal
cells on bone marrow and liver after
cyclophosphamide treatment in mice.
Tissue-cell. 1997;29(1):1-9.

Premkumar K, Pachiappan A, Abraham
SK, Santhiya ST, Gopinath PM, Ramesh
A. Effect of Spirulina fusiformis on
cyclophosphamide and mitomycin-C
induced genotoxicity and oxidative stress
in mice. Fitoterapia. 2001;72:906-911.
Venkatesan N, Chandrakasan G. In vivo
administration of taurine and niacin
modulate cyclophosphamide-induced lung
injury. Eur. J. Pharmacol. 1994;292:75-80.
Rather A, Bilal A Dar, Shahnawaz Sofi N,
Bilal A Bhat, Mushtag A, Qurishi A.
Foeniculum wvulgare: A comprehensive
review of its traditional use, phyto-
chemistry, pharmacology, and safety Arab.
J. Chem; 2012.
Available:http://dx.doi.org/10.1016/j.arabjc.
2012.04.011

Delaram M, Kheiri S, Hodjati MR.
Comparing the effects of echinop hora-
platyloba, fennel and placebo on pre-
menstrual syndrome. J. Reprod. Infertil.
2011;12(3):221-226.

Ozbek H, Ugras S, Dulger H, Bayram I,
Tuncer I, Ozturk G, Oztirk A.
Hepatoprotective effect of Foeniculum
vulgare essential oil. Fitoterapia. 2003;74:
317-319.

Choi EM, Hwag JK. Anti-inflammatory,
analgesic and antioxidant activities of the
fruit of Foeniculum vulgare. Fitoterapia.
2004;75(6):557-565.

Ozcan U, Yilmaz E, Ozcan L Furuhashi M,
Vaillancourt E, et al. Chemical chaperones
reduce ER stress and restore glucose
homeostasis in a mouse model of type 2
diabetes. Science. 2006;313:1137-1140.
Ceribasi AO, Turk G, Sonmez M, Sakin F,
Atessahin A. Toxic effect of
cyclophosphamide on sperm morphology,
testicular histology and blood oxidant
antioxidant balance, and protective roles of
lycopene and ellagic acid. Basic and
Clinical Pharmacology and Toxicology.
2010;107(3):730-736.

Oncology.

10.

11.

12.

13.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Naeem M Rabeh, Alaa O Aboraya.
Hepatoprotective effect of Dill (Anethum
graveolens L.) and fennel (Foeniculum
vulgare) oil on hepatotoxic rats. Pak. J.
Nut. 2014;13(6):303-309.

Hus SM, Raine L, Franger H. Use of
Avidin-biotin peroxidase complex (ABC) in
immunoperoxidase techniques: A
comparison of ABC and unlabeled
antibody (PAP) procedure. J. Histochem.
Cytochem. 1981;29(4):577-580.

Reitman S, Frankel S. A colorimetric
method for the determination of serum
glutamic oxalacetic and glutamic pyruvic
transaminases. Am. J. Clin. Pathol.
1957;28(1):56-63.

Pass GJ, Carrie D, Boylan M, Lorimore S,
Wright E, Houston B, Henderson CJ, Wolf
CR. Role of hepatic cytochrome p450s in
the pharmacokinetics and toxicity of
cyclophosphamide: Studies with the
hepatic cytochrome p450 reductase null
mouse. Cancer Research. 2005;65(10):
4211-4217.

Xie H, Afsharian P, Terelius Y, Mirghani
RA, Yasar U, Hagbjork AL, Lundgren S,
Hu Y, Rane A, Hassan M.
Cyclophosphamide induces mRNA, protein
and enzyme activity of cytochrome P450 in
rat. Xenobiotica. 2005;35(3):239-251.
Colvin OM. An overview of
cyclophosphamide  development  and
clinical applications. Current Pharmaceu-
tical Design. 1999;5(8):555-60.

Tripathi DN, Jena GB. Astaxanthin
intervention ameliorates
cyclophosphamide-induced oxidative
stress, DNA damage and early

hepatocarcinogenesis in rat: Role of Nrf2,
p53, p38 and phase-Il enzymes. Mutation
Research. 2010;696(1):69-80.
Aguilar-Mahecha A, Hales BF, Robaire B.
Chronic  cyclophosphamide  treatment
alters the expression of stress response
genes in rat male germ cells. Biol Reprod.
2002;66(4):1024-1032.

Hales BF, Barton TS, Robaire B. Impact of
paternal exposure to chemotherapy on
offspring in the rat. J Natl Cancer Inst
Monogr. 2005;34:28-31.

Sakr SA, Hoda A, Mahran Samah M, Abo-
El-Yazid. Fenugreek (Trigonella Foenum
Graecum) ameliorates cyclophosphamide-
induced histopathological, histochemical
and biochemical changes in the liver of
albino mice. Egypt. J. Exp. Biol. (Zool.).
2009;5:331-339.

11

Sakr et al.; BJPR, 17(2): 1-12, 2017; Article no.BJPR.34197

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Gustafsson LL, Eriksson LS, Dahl ML,
Eleborg L, Ericzon BG, Nyberg A.
Cyclophosphamide induced acute liver
failure requiring transplantation in patient
with genetically deficient debrisoquine
metabolism: A causal relationship. J. Int.
Med. 1996;240(5):311-314.

George B, Mc Donald, John T, Slattery.
Cyclophosphamide induced liver toxicity
and mortality. Blood. 2003;101(5):2043-
2048.

Khan JA, Shahdad SM, Makhdoomi MA,
Hamid S, Gh Bhat M, Jan Y, Nazir S,
Bashir Z, Banoo S. Effect of
cyclophosphamide on the microanatomy of
liver of albino rats. Int J Res Med Sci.
2014;2(4):1466-1469.

Xiaojiang Li, Baole Li, Yingjie Jia. The
Hepatoprotective effect of Haoqin Qingdan
decoction against liver injury induced by a
chemotherapeutic drug cyclophosphamide.
Evidence-Based = Complementary  and
Alternative Medicine; 2015. Article ID:
978219.

Zhang J, Tian Q, Chan SY, Li SC, Zhou S,
Duan W, Zhu YZ. Metabolism and
transport of oxazaphosphorines and
clinical implications. Drug Metab. Rev.
2005;37(4):611-703.

Metwally M. Effects of garlic (Allium
sativum) on some antioxidant activities in
tilapia nilotica (Oreochromis niloticus).
World Journal of Fish and Marine
Sciences. 2009;1:56-64.
Shanmugarajan TS,
Somasundaram |, Krishnakumar E,
Sivaraman D, Ravichandiran V.
Cardoprotective effects of Ficas hispida
linn. on cyclophosphamide provoked
oxidative myocardial injury in a rat model.
Int. J. Pharmacol. 2008;4(2):78-87.

Sondhi J, Gupta PP. Effect of
immunosuppression on the clinicopatho-
logical changes in experiment
zygomycosis in rabbits. Vet. Res. Comm.
2000;24:213-227.

Bullwinkel J, Baron-Liihr B, Lidemann A,
Wohlenberg C, Gerdes J, Scholzen T. Ki-
67 protein is associated with ribosomal
RNA transcription in quiescent and
proliferating cells. J. Cell. Physiol.
2006;206(3):624-35.

Rahmanzadeh R, Huttmann G, Gerdes J,
Scholzen T. Chromophore-assisted light
inactivation of pKi-67 leads to inhibition of
ribosomal RNA synthesis. Cell Prolif.
2007;40(3):422-30.

Arunsundar M,



34.

35.

36.

37.

38.

39.

40.

Chrysomali E, Nikitakis NG, Tosios K,
Sauk JJ, Papanicolaou SI. Immuno-
histochemical evaluation of cell
proliferation antigen Ki-67 and apoptosis-
related proteins Bcl-2 and caspase-3 in
oral granular cell tumor. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod.
2003;96:566—-72.

Porter AG, Janicke RU. Emerging roles of
caspase-3 in apoptosis. Cell Death Differ.
1999;6:99-104.

Sultan A, Ayman M Mahmoud. Gamma-
glutamylcysteine ethyl ester protects
against cyclophosphamide-induced liver
injury and hematologic alterations via
upregulation of PPAR and attenuation of
oxidative  stress, inflammation, and
apoptosis. Oxidative Medicine and Cellular
Longevity. 2016;1-14.

Selvakumar E, Prahalathan C, Mythili Y,
Varalakshmi P. Mitigation of oxidative
stress in cyclophosphamide-challenged
hepatic tissue by DL-a-lipoic acid. Mol Cell
Biochem. 2005;272:179-85.

Manda K, Bhatia AL. Prophylactic action of
melatonin  against  cyclophosphamide-
induced oxidative stress in mice. Cellular
Biology Toxicology. 2003;19(6):367-720.
Lopez SG, Luderer U. Effects of
cyclophosphamide and buthionine
sulfoximine on ovarian glutathione and
apoptosis. Free Radic. Biol. Med. 2004;36:
1366-1377.

Ghosh D, Das UB, Misro M. Protective role
of a-tocopherol-succinate (provitamin-E) in
cyclophosphamide  induced testicular
gametogenic and steroidogenic disorders:
A correlative approach to oxidative stress.
Free Radic Res. 2002;36:1209-18.

Sakr et al.; BJPR, 17(2): 1-12, 2017; Article no.BJPR.34197

41.

42.

43.

44,

45,

46.

47.

Sheweita SA, El-Hosseiny LS, Nashashibi
MA. Protective effects of essential oils as
natural antioxidants against hepatotoxicity
induced by cyclophosphamide in mice.
PLoS ONE. 2016;11(11):e0165667.

DOI: 10.1371/journal. pone.0165667
Ozbeck H, Bayram I, Ugras S, Cengiz N.
Investigation of hepatoprotective effect of
Foeniculum vulgare fixed oil in rats. Res. J.
Med. Medic. Sci. 2006;1(2):72-76.
Al-Amoudi WM. Protective effects of fennel
oil extract against sodium valproate-
induced hepatorenal damage in albino
rats. Saudi Journal of Biological Sciences.
2016;24(4):915-924.

Sameeh A, Mansour Tarek M, Heikal Amal
A, Refaie Abdel-Tawab H, Mossa T.
Antihepatotoxic activity of fennel
(Foeniculum vulgare Mill.) essential oil
against chlorpyrifos-induced liver injury in
rats. Global J. Environ. Sci. Technol.
2011:;1:10.

Mohamad RH, El-Bastawesy AM, Abdel-
Monem MG. Antioxidant and anti-
carcinogenic effects of methanolic extract
and volatile oil of fennel seeds
(Foeniculum wvulgare). J Med Food.
2011;14(9):986-1001.

Singh G, Maurya S, de-Lampasona MP,
Catalan C. Chemical constituents,
antifungal and antioxidative potential of
Foeniculum vulgare volatile oil and its
acetone extract. Food Control. 2006;17(9):
745-752.

Tognolini M, Ballabeni V, Bertoni S, Bruni
R, Impicciatore M, Barocelli E. Protective
effect of Foeniculum vulgare essential oil
and enethole in an experimental moldel of
thrombosis. Pharmacol. Res. 2007;56(3):
254-60.

© 2017 Sakr et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/19430

12



