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ABSTRACT

Advances in the treatment of cancer have allowed adolescent patients to become long-
term survivors able to lead normal lives. However, the concern about the effects of
anticancer drugs on fertility has led to many efforts to preserve germ cells of these
patients. This study focuses on ways to assess the effectiveness of Nigella sativa and
its active compound, thymoquinone, in lowering chemotherapeutic-associated toxicity
of cyclophosphamide on the ovaries and testes of Balb/c mice. Histological and
morphological effects on the germ cells were examined via microscopy techniques
and possible fragmentations of sperm DNA was assessed using the COMET Assay.
The RNA expression of OGG1 and FGF2 in the testicular cells was quantitatively
analysed using the real-time PCR followed by quantification of the stages of
fertilisation and embryo division using the inverted microscope. Supplementation of
N. Sativa oil and thymoquinone exhibited noticeable protective effects on the
histology and morphometry of the ovaries and seminiferous tubules as well as being
effective in reducing the total DNA fragmentation in spermatozoa. N. Sativa extract
reduced the percentage of abnormal sperm head post to cyclophosphamide treatment
and preserved the normal chromatin condensation indicative of protection against
sperm DNA alteration. The expressions of DNA repair and fibroblast growth factor
genes were also shown to increase suggestive of possible reduction in mutagenic
modifications.  Thymoquinone supplementation increased the implantation and
fertilisation rates, pregnancy outcome as well as preserved fair quality embryos
following paternal and maternal exposures to cyclophosphamide. N. Sativa and
thymoquinone are both-suitable exogenous agents that offer viable chemoprotective
potential against toxicity induced by cyclophosphamide. This study is part of an effort
towards improving interventions to preserve fertility and to assist in the development
of techniques in achieving favourable reproductive outcomes for adults who survived
childhood cancer following chemotherapy.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

The advancement in the field of oncology and the increase in treatment modalities
improved the survival rates of both adult and childhood cancers. A report from the
National Cancer Registry (NCR) Malaysia and Ministry of Health Malaysia (MOH)
showed a total of 18,219 cancer cases diagnosed among Malaysians in Peninsular
Malaysia in the year of 2007; 44.6% of males and 55.4% of females were under age
60 years with breast cancer being the most common cancer among women accounting
for 32.1% and cancer of the trachea, bronchus and lung in men with 16.3%. A total of
319 and 220 of childhood cancer cases in boys and girls, respectively were diagnosed
in 2007 and registered with NCR. Leukaemia is reported as the most frequent cancer
in children between the age of 0 to 14 years old in Malaysia; 48% in boys and 44.5%
in girls  (Ministry of Health, 2011). In a National Childhood Cancer Survey
conducted by Lin (1999), the crude incidence rate of paediatric malignancies in
Malaysia was 77.4 per million children aged less than 15 years old, with leukaemia
(35%) being the most common childhood tumours. The prevalence of the incidence
has increased to more than 10% in eight years. The impact of cancer treatments on
the quality of life especially fertility is greater than generally perceived. It is
increasingly noted that a high number of adult survivors of childhood cancer
malignancies were not aware of the risk of infertility and relevant late effects (Hess et

al., 2011). Based on the types of cancers seen in these young age groups, many of



them are still of reproductive age and approximately half of them may have received
cancer treatment that would have a major impact on their future reproductive capacity.

Many environmental conditions can cause DNA fragmentation such as
chemotherapy, radiation, drugs prescription, chemicals, smoking and Assisted
Reproductive Techniques (ART) preparation protocols (Fossa et al., 1997; Rignell-
Hydbom et al., 2005; Rubes et al., 2005). Chemotherapeutic agents have been shown
to cause significant systemic toxicity due to the overproduction of reactive oxygen
species (ROS) that cause oxidative stress (Pryor et al. 2000; Meirow and Nugent
2001b; Mitchell et al., 2003, Alenzi et al., 2010). ROS are oxygen-derived free
radicals that are formed during the intermediate steps of oxygen reduction (Agarwal
and Allamaneni, 2004a). They can cause direct oxidation by combining with other
molecules which can lead to structural and functional changes, and result in cellular
damage (Guerin et al., 2001; Agarwal et al., 2005b). In the event of excessive ROS
production exceeding the antioxidant defence mechanism of the cells, it results in
oxidative stress accompanied by other adverse effects (Park et al., 2010). ROS
activity plays a major role in DNA strand breakage which can be attributed to
significant deleterious effects on the reproductive outcome.

Anticancer drugs, in general, are mutagenic as they can interfere with DNA
metabolism (John and Timothy, 2007). There is a strong indication that DNA damage
could play an important role in male fertility and reproduction (Zitzmann et al., 2003).
The commonly used anticancer drug, cyclophosphamide (CPA), is one of the most
damaging alkylating agents that affect the DNA of replicating cells and rapidly
multiplying cells especially in the gonads and pituitary which results in miscoding,
cross-linking and DNA breakage. It acts by the transfer of alkyl groups to the guanine

compound of the DNA (Becker and Schoneich, 1982). The genotoxic effects of



cyclophosphamide on male germ cells showed that it can reach the spermatogonia in
significant quantities. Germ cells are specifically sensitive to cyclophosphamide
treatment due to its high proliferating activity (Jarrell et al., 1991).

Spermatogenesis is one of the most productive self-renewing systems of which
four to sixty million spermatozoa are produced daily per gram of testis tissue in
mammalian species (Hess and De Franca, 2008). However, cell death during the
process reduces the final production of sperm substantially (Russell and Clermont,
1977). Stem cells persist throughout the reproductive life and are constantly under
attack from DNA-damaging agents produced by endogenous and exogenous agents
(Lindahl, 1993). They can accumulate a large amount of chemical exposure and may
result in cell death if not repaired. Cells that survived radiation or chemicals continue
to divide and differentiate (Oakberg, 1974) and further result in mutations and
transmitted to the offspring if not repaired by the time of replication. Once the
unrepaired lesions in male germ cells are transmitted to the zygote, it may lead to fetal
death (pre- or post-implantation loss). New mutations that developed in the paternal
genome also will not be eliminated in the fertilised egg.

Administration of cyclophosphamide has been demonstrated to cause
oligospermia, azoospermia, testicular damage and germ cell toxicity in male rodents
(Elangovan et al., 2006; Tripathi and Jena, 2008a). It induces defects in mice foetuses
(Khaksary et al., 2012) and increases the incidence of pre-implantation loss (Trasler et
al., 1987). Recent studies have investigated the deleterious effects of
cyclophosphamide on chromosomal aneuploidy (Barton et al., 2003) and chromatin
condensation (Codrington et al., 2007). Previous studies have reported significant
correlations between chromatin abnormalities and morphological alterations (Sailer et

al., 1996; Ferrari et al., 1998; Ostermeier et al., 2001). Mammalian sperm heads



consist almost totally of chromatin. Oxidative stress is associated with DNA strand
breaks (Manicardi et al., 1998). Therefore, the loosely condensed sperm chromatin
that suffers DNA damage will lead to the weakening of the sperm chromatin
condensation following alterations in the relative proportion of protamines (Brewer et
al., 1999). DNA denaturation has important implications on fertility outcomes. Some
sperms with chromatin abnormalities are able to fertilise oocytes in vivo and in vitro,
but the DNA damage can persist throughout the embryonic period which will induce
apoptosis and embryo fragmentation that can ultimately lead to abortion (Ellington et
al., 1998; Twigg et al., 1998b).

In the females, cyclophosphamide can induce ovarian damage by destructing
the ovarian follicles (Meirow et al., 1999; Meirow and Nugent, 2001b) that leads to
depletion in the primordial follicular (PMF) reserve. It affects all age groups with
older females appears to be more affected as they have a smaller ovarian follicular
reserve. Since PMF pool is non-renewable, older women treated with chemotherapy
have a higher incidence of ovarian failure when the chemotherapeutic agent destructs
an already low follicular reserve needed to sustain ovarian function (Kumar et al.,
1972; Gosden and Faddy, 1994).

Cyclophosphamide exposure was previously reported to alter the expression of
stress response genes in male germ cells such as DNA repair, antioxidant defense and
heat shock protein, which are regulated during germ cell development (Aguilar-
Mahecha et al., 2001a). Paternal exposure to cyclophosphamide was also found to
decrease the expression of DNA repair genes of the base excision repair (BER)
pathway in rat pre-implantation embryo (Harrouk et al., 2000a) and alter the
expression profile of specific gene in embryo (Harrouk et al., 2000b; 2000c).

Alkylating agents and oxygen radicals commonly caused lesions in the DNA double



