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ABSTRACT

This study aims to assess follicle preservation in mature female mice with the provision of Nigella Sativa oil against
effects of cyclophosphamide which can cause ovarian follicular loss. Forty-eight ICR mice aged 18 weeks were divided
into 3 groups: group | = control, group Il = cyclophosphamide-alone (50mg/kg) for 5, 10, 15 and 20 days; and group Il
= pre-treated with different doses of Nigella sativa oil (0.2ml, 0.5ml and 1.0ml/100g) for 5 days, al by intraperitoneal
injection. The histology and the total number of ovarian follicles were studied. Results show that the number of
primordial follicles following exposure to cyclophosphamide was significantly reduced (36.33 £ 5.86) as compared to
the controls (86.67 £32.52) at day 10 (p<0.05). There was also a significant reduction in the mean number of normal
primary and secondary follicles (p<0.001), mean ovarian diameters (p<0.05) and an increased vacuolation with irregular
distribution of granulosa cells. The numbers of normal primary and secondary follicles including ovarian diameters were
significantly increased in the use of Nigella sativa as opposed to effects seen in controls and cyclophosphamide-alone
groups at day 5. This study seems to suggest a prophylactic property of Nigella sativa in the reproductive system of
female mice.
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INTRODUCTION In the females, the prime concern now is that
cyclophosphamide can induce depletion in the primordial

The advancement in the field of oncology and ~ follicular (PMF) reserve. Since PMF pool is non-
continued development in treatment modalities has ~ renewable, older women treated with chemotherapy have
increased the awareness on the long term effects of @ higher incidence of ovarian failure when the
chemotherapy treatment on the reproductive potential of ~ Cchemotherapeutic agent destructs an  aready low

cancer survivors. It is increasingly noted that a high folliculer reserve needed to sustain ovarian function
number of adult survivors of childhood cancer  (Kumaretal., 1972; Gosden and Faddy, 1994).

malignancies were not aware of the risk of infertility and A potential approach that can interfere with
relevant late  effects (Hess et al., 2011). cyclophosphamide-induced toxicity is to lower the
female fertility by destructing the ovarian follicles and ~ Ranunculacea family, has been one of the most widely
inducing ovarian damage that can lead to infertility. used herbal medicines for the treatment of various

Ovarian damage occurs in al age groups with older ~ diseases. The pharmacological properties of the oil have
females appearing to be more affected as they have a been reported to include anti-inflammatory, anti-cancer,

smaller ovarian follicular reserve (Meirow et al., 1999; ~ anti-diabetic, ~anti-microbial, —anti-histaminic, ~ anti-
Meirow and Nugent, 2001). infertility and hypotensive effects (Mukhallad et al.,

stress due to the over-production of reactive oxygen  that works as a scavenger of various radical oxygen
species (ROS) (Damewood and Grochow, 1986; Pryor et species including superoxide radical anion and hydroxyl
al., 2000; Meirow and Nugent, 2001; Mitchell et al., radicals through different mechanisms (Mansour et al.,
2003; Alenzi et al., 2010). It affects the DNA of 2002, Badary et al., 2003; Mahgoub 2003).
replicating cells and rapidly multiplying cells especially ~ Thymoguinone  was  reported  to  re-establish

in the gonads and pituitary which results in miscoding, ~ SPermatogenesis after testicular injury caused by chronic
cross-linking and DNA breakage by transferring alkyl toluene exposure in rats (Kanter, 2011). -

groups to the guanine compound of the DNA (Becker and A recent study by Arak and Assi (2011) reported
Schoneich, 1982). that adult rats exposed to 10mg/kg of lead acetate caused

a dgnificant reduction on ovarian function and the
treatment of 100mg/kg of Nigella sativa caused
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significant enhancement on the reproductive function
with a decrease in number and diameter of Graafian
folliclesin comparison to the normal structure.

The role of Nigella sativa in the preservation of
ovarian structure and function has not been explored in
detail. The present work was conducted to study the
possible prophylactic effect of Nigella sativa oil (NSO)
on ovarian injuries as expressed by the loss of PMF
population and increased follicle degeneration induced by
the anticancer drug cyclophosphamide.

MATERIALSAND METHODS

Forty eight ICR mature adult female mice, aged
18 weeks were divided into three main experimental
groups (n=6/group, Figure 1): group (i) = vehicle-treated
control, group (ii) = CPA aone and group (iii) = NSO six
hours prior to CPA treatment. In group i, control mice
were injected with normal saline. Mice of group Il were
given a single intraperitoneal  injection  of
cyclophosphamide (Sigma-Aldrich) at a dose of 50mg/kg
body weight. This dose was chosen based on a previous
dose-response study of Meirow et al., 1999. Observation
of effects was done at four different time intervals; days-
5, 10, 15 and 20 which represents a different stage of
follicular growth at the time of exposure to
cyclophosphamide (Meirow et al., 2001). All mice in
group ii received cyclophosphamide injection on the
same day. In group iii, mice were divided into three
different sub-groups and pre-treated intraperitoneally
with different doses of Nigella sativa oil; 0.2ml/100g,
0.5ml/100g and 1.0mlI/100g body weight, 6 hours before
single cyclophosphamide injection at 50mg/kg. Nigella
sativa oil treatment was continued on every other day for
5 days. Observation of effects was done on day 5 post
treatment.

At the end of each exposure period, mice were
euthanized by cervica disocation. The ovaries were
excised and trimmed free of fat before immersion in the
fixative solution. Ovaries were fixed with 4%
formaldehyde overnight, dehydrated in ethanal,
embedded in paraffin and serially sectioned at 6 ym. The
tissues were stained with haematoxylin and eosin.

Ovarian follicles were counted in every section
using a light microscope at a magnification of 400X.
Follicles were classified into four types based on the
classification of Erickson (2003): (i) Primordia -
characterized by an oocyte surrounded by a single layer
of flattened cells; (ii) Primary - characterized by a single
layer of cuboidal pre-granulosa cells; (iii) Secondary -
characterized by 2 to 5 complete layers of granulosa cells
and (iv) Graafian - containing cavity occupying most of
the total follicular volume. Only follicles with a visible
nucleus in the oocyte were considered for counting to
avoid duplicate counts of a follicle. Follicles that
contained an intact oocyte and intact granulosa cells were
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classified as normal. Follicles were classified as
degenerated when they contained ruptured oocyte nuclei,
shrunken ooplasm and disorganized granulosa cells. The
diameters of the ovary were further measured at a
magnification of 40X by measuring two perpendicular
diameters in the section in which the nucleolus of the
oocyte was present. Ovary was divided into sections and
follicles distribution was counted using Olympus
Analysis Image Processing Software which will mark the
counted folliclesto avoid duplication.

Statistical analysis was done with SPSS 18.0
software. All the values of primordia follicles, ovarian
diameters and the distribution of normal and degenerated
follicles were expressed as mean + standard deviation
(S.D). Inter-group variation was measured by one-way
analysis of variance (ANOVA) and Tukey’s test to
evaluate the significant differences between the groups.
p<0.05 was considered to be statistically significant.

Work done in this study received the ethical
approval from the Ethics Committee of the Faculty of
Medicine of the International Islamic University
Malaysia (Ref: [1UM/305/20/4/10).

RESULTS

A. Histological changes of the ovarian follicles:
Control ovary showed the presence of normal ovarian
architecture in the primordial (1), primary (I1) and
secondary (I11) follicles. The oocyte (O) was surrounded
by a single or two layers of granulosa cells (G). The
oocyte was separated from the surrounding follicular
cells by a well developed glycoprotein layer called zona
pellucida (ZP). The outermost layer of follicular cells
rests on a well defined basement membrane (BM) that
separates it from the ovarian stroma. At the periphery, the
connective tissue stroma surrounding the follicle begins
to condense and form a theca folliculi layer (TL). Theca
layer is usually distributed out of the healthy granulosa
basement membrane in one, or more rarely, two
continuous layers (Fig. 2).

Some injury was observed in the CPA group
including the disruption of intercellular contacts among
granulosa cells and the oocyte of primary and secondary
follicles at day 5 (Fig. 3). These follicles also exhibited
numerous cytoplasmic vacuoles, abnormal shapes of the
granulosa cells, some with absent or undeveloped zona
pellucida and oocyte, as well as vacuolated oocyte with
nuclear shrinkage.

NSO-treated groups showed an improved
histological appearance in the CPA-exposed mice. The
morphology of the follicles and the structure of the
oocytes were well preserved, similar to the control group
(Fig. 4).

The CPA-exposed groups of 15 and 20 days
showed less signs of degeneration and injury in pre-antral
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(primary and secondary) follicles when compared to that
in the groups of 5 and 10 days.

B. The total numbers of primordial follicle
(PMF): At 5 days of exposure, athough there were
differences in the mean number of PMF in the
cyclophosphamide groups pre-treated with NSO as
compared to the cyclophosphamide alone group, the
differences were not satistically significant. The One-
Way ANOVA test showed significant differences
(p<0.05) between the different time points of
cyclophosphamide exposure and the total number of PMF
in the ovaries (Fig. 5). Subsequent post-hoc analysis
(Tukey test) suggested that the mean number of PMF in
the ovaries of mice exposed to 50mg/kg
cyclophosphamide was significantly reduced at day 10
(36.33 + 5.86), day 15 (23.67 = 9.07) and day 20 (12.00
1.00) when compared to the control group (86.67 +32.52).
The total number of PMF reduces by about half (58.13%)
after 10 days of cyclophosphamide exposure.

C. The total number of normal and degenerated
follicles at different follicular stages: A One-Way
ANOVA was conducted to explore the impact of
cyclophosphamide and NSO on the total distribution of
normal and degenerated primary, secondary and Graafian
follicles after 5 days of exposure. There was a significant
difference in the total number of normal and degenerated
primary and secondary follicles between different
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treatment groups (p<0.001). Post-hoc comparison using
the Tukey test indicated that the mean distribution of
degenerated primary (10.71+4.42), secondary
(10.43+3.55) and Graafian follicles (4.71£2.75) was
significantly increased in cyclophosphamide-alone group
in comparison to the control group (1.60+1.23, 6.30+1.95
and 1.90+0.74 respectively) (Table 1). In contrast, the
mean distribution of degenerated primary and secondary
follicles was significantly decreased in the three groups
pre-treated with NSO. Moreover, animals pre-treated
with NSO showed higher mean of normal primary and
secondary  follicles compared to control and
cyclophosphamide-treated groups. No  significance
differences were observed in the total number of normal
Graafian folliclesin all treatment groups.

D. M orphometrical analysis. The study revealed a
significant reduction in the mean ovarian diameters of the
cyclophosphamide-treated groups observed at 15 and 20
days; 674.37+39.12um and 417.43+14.51um respectively
(p<0.05), compared to an average of 1055.56+35.32um
in the control group (Table 2). Cyclophosphamide groups
that were pre-treated with 0.5ml and 1.0ml/100g of NSO
for 5 days showed a significant higher ovarian diameters
(1113.10 + 14.68um and 121570 + 14.50um,
respectively, p<0.05) compared to the group that received
cyclophosphamide alone (919.83 + 96.43um).

Experimental Groups

Group 1:
Vehicle-treated

Control

Group I:
Slmeks
CPA-alone (single)

Group 3:
Pre-treated with NSO

¥

Observatinnof | 0 2ml100g | 0. 5ml/100g ‘ 1.0ml/100g
affects:
— } __,-'—'-""_-__-
v
| | -
‘ Day 5 ‘ Day 10 | | Day 13 ‘ Day 20 ‘ 6 hour: following
NS0 exposure:
CPA injection (single)
S0meke

NSO injection was
continued on alternats
davs for 5 davs.

!

Observation of effects
was done on day 3
only

Figure 1: The schematic representation of the grouping criteria and treatment regimens.
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Table 1. Mean = SD total distribution of normal and degenerated follicles after cyclophosphamide and Nigella
sativa oil exposuresat 5 days.

Groups Primary Follicles Secondary Follicles Graafian Follicles
Nor mal Degenerated Nor mal Degenerated Nor mal Degenerated
Control 320+181° 160+123° 510+£292° 6.30+£1.95 1.80+145" 190+0.74°
CPA aone 371+263° 10.71+4.42° 043+054° 10.43+355° 1.14+090° 471275
CPA +NSO0.2ml/100g 9.75+191° 275+1.39° 425+232° 713+230° 1.75+0.71*% 250%1.07°
CPA + NSO 0.5ml/100g 6.50+4.81*% 1.75+128° 588+300° 6.88+217° 113+064° 263+0.74%
CPA + NSO 1.0ml/100g 6.43+3.16° 4.14+308° 6.86+234° 11.14+261° 114+107° 357+ 140°

#No significant different between groups. P Significantly different between groups, p<0.05.

¢Significantly different between groups, p<0.001.

Table 2: Mean + SD diameters of the ovaries in the control, cyclophosphamide alone and cyclophosphamide co-
treated with Nigella sativa oil groups.

Groups Ovarian Diameters (um)
Control 1055.56 + 35.32
Cyclophosphamide 5 days 919.83 £ 96.43
Cyclophosphamide 10 days 931.30 £ 86.32
Cyclophosphamide 15 days 674.37 £ 39.12*
Cyclophosphamide 20 days 417.43 + 14.51*
Nigella Sativa oil + cyclophosphamide 0.2ml/100g, 5 days 907.73 + 34.02*
Nigella Sativa oil + cyclophosphamide 0.5mlI/100g, 5 days 1113.10 + 14.68t
Nigella Sativa oil + cyclophosphamide 1.0ml/100g, 5 days 1215.70 + 14.50*t

*Significantly different from control groups, p<0.05. t Significantly different from cyclophosphamide 5-days group, p<0.05.

Plate-1. Photomicrographs of mice ovary with Haematoxylin & Eosin preparation

——

Fig. 2: Light microscopy of ovarian tissue in control group using haematoxylin and eosin staining. The nor mal
mor phology of the ovarian follicles; primordial (1), primary (I1) and secondary (I11), showing the oocyte
(0), granulosa cells (G), zona pellucida (ZP), basement membrane (BM) and theca layer (TL) (H&E,
400X, scale bar 200um).
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Fig. 3: Light microscopy of ovarian tissuein CPA group (5 days) using haematoxylin and eosin staining showing
primary follicle (A) with severe ovarian damage and ruptured oocyte and secondary follicle (B) with
disruption of the granulosa cells and absence of oocyte (C) (H& E, 400X, scale bar 200pm).

i - = o Ly . .
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Fig.4: Light microscopy of ovarian tissue in group pre-treated with 0.2ml/100g NSO 6 hours before CPA exposure using
haematoxylin and eosin staining showing improved histological appearance of the primordial follicles (P), primary
follicles (1) and secondary follicles (11) with intact granulosa cells (GC), prominent oocytes (O), well developed theca

layer (TL) and zona pellucida (ZP) (H& E, 400X, scale bar 1000um).

The total number of primordial follicles (PMF) exposed to
cvclophosphamide at 5, 10, 15 and 20 days
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Fig.5: Total number of primordial follicles (PMF) in ovaries of mice exposed to 50mg/kg cyclophosphamide (CPA) at
5, 10, 15 and 20 days compared to the control group (Mean + SD). PMF loss was significant in groups exposed
to CPA at 10, 15 and 20 days as compared to the controls. The total number of PMF reduces by about half
(58.13%) at 10 days of CPA exposure. *Significantly different from control groups, p<0.05

85



Kamarzaman et al.,

DISCUSSION

This study reported the potential prophylactic
effects of NSO and the improvement of the survival of
mouse ovarian follicles against ovarian toxicity induced
by cyclophosphamide. In the present study, treating mice
with cyclophosphamide revealed significant histological
alterations including atrophy of the ovarian follicular
cells, degeneration of the interstitial tissue as well as
disruption of the intercellular contacts among granulosa
cells. These alterations were more prominent in animals
exposed to the anticancer drug for 5 and 10 days. The
histological changes in ovarian tissue may be due to
hormonal changes caused by cyclophosphamide toxicity.
It is well established that gonadotropins are critical to
complete follicular development (Cecconi et al., 2004).
FSH supplementation in vitro is useful in driving initial
follicle growth by exerting a positive effect on follicle
survival and oocyte quality in mouse (Mitchell, Kennedy
and Hartshorne, 2002; Adriaens, Cortvrindt and Smitz,
2004).). A study by Notolla et al. (2011) reported that the
follicles cultured in fetal calf serum aone without FSH
supplementation did not form the antral cavity and
displayed low differentiation. However, 80% of FSH-
treated follicles formed the antral cavity and showed
various ultrastructural markers of maturity.

Morphometrical analysis of the PMF number
provides information about ovarian toxicity caused by
chemotherapy agent more directly rather than
reproductive performance i.e ovulation, mating and
pregnancy rates (Meirow et al., 1999). The present data
showed that cyclophosphamide depletes up to 58.13% of
the PMF reserve after 10 days of cyclophosphamide
exposure. This result is in agreement with a study by
Farokhi et al. (2007) which reported that
cyclophosphamide administration of 75mg/kg destroyed
more than 50% of PMF pool. A study by Meirow et al.
(1999) reported that significant damage to the PMF
population resulted even following administration of low
doses of cyclophosphamide (20mg/kg). Moreover, a
xenograft model used to illustrate the impact of
chemotherapy drugs on human primordial follicular
reserve reported that animals administererd with a single
dose of 200mg/kg cyclophosphamide showed a 12%
reduction in the PMF density by 12 hours following
treatment (p<0.05) and significantly increased in follicle
loss at 24 hours (53%, p<0.01). The percentage of
follicular loss was peaked at 48 hours (93%, p<0.0001)
(Oktem and Oktay, 2007). Anima studies have shown
clear evidence that cyclophosphamide causes injury to
germ cells. Ovarian function depends on the follicular
reserve as they sustain the ovarian function. Thus
depletion of PMF reserve indicates ovarian failure which
can result ininfertility (Aguilar-Mahecha et al., 2002).

Morphometrical parameter such as diameter of
the ovary can also give information about the ovarian
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damage degree as a consequence of germ cell death. Our
results showed the diameter of ovaries in
cyclophosphamide-treated mice was significantly
decreased compared to the controls. Similar findings was
reported by Farokhi et al. (2007) indicating
cyclophosphamide administration causes reduction in
diameter and size of mouse ovary as well as decreased
thickness of the endometrium. In general, massive germ
cell loss caused by anticancer drugs is followed by
significantly lower ovarian diameter and ultimately
ovarian atrophy (Kuhagjda, Haupt, Moore and Hutchins,
1982). Furthermore, since cyclophosphamide is an anti-
mitogenic agent, it causes reduction in mitotic division in
fast dividing cells such as endometrial cells. Therefore,
this process will also brings reduction in endometrium
wall as well as uterine thickness in the test group.

Assessment of other follicular distribution at
different stages of growth revealed that there was
significant reduction of normal primary and secondary
follicles in the cyclophosphamide-treated group
compared with the control group. This indicates that
injection of cyclophosphamide brings decrement in
normal follicular distribution in the test group. In
agreement with this result, the previous studies reported
that the mean number of secondary, tertiary follicles and
corpora lutea also showed significant reduction in the
cyclophosphamide-treated group (Farokhi et al. 2007).
The differences of Graafian follicles in the control and
cyclophosphamide-treated group was however not
significant. Other studies on radiotherapy revealed that
the growing oocytes are relatively resistant to anticancer
agent compared to PMF.

Toxicity related to anticancer drugs is usually
associated with the over-production of reactive oxygen
species (ROS) that cause oxidative stress (Mitchell et al.,
2003). Oxidative stress has been implicated in a humber
of different reproductive scenarios such as endometriosis,
folliculogenesis, oocyte maturation, hydrosalpingeal fluid,
necrozoospermia, asthenozoospermia and sperm DNA
damage (Guerin et al., 2001). In the context of femae
infertility, oxidative stress has been poorly characterized
(Agarwa and Allamaneni, 2004). Nevertheless, oxidative
stress in the female reproductive system has been
demonstrated to correlate with fertility. Markers of
oxidative stress in follicular fluid such as lipid
peroxidation, total antioxidant capacity and superoxide
dismutase activity are strongly correlated with oocyte
fertilization and pregnancy rates following IVF
(Pasgualotto et al., 2004). A decrease in their total
antioxidant capacity may lead to oxidative stress.

Therefore, dietary antioxidants become critical
under conditions of increased oxidative stress in
maintaining a desirable oxidant-antioxidant balance. In
this study, when NSO was administered to the animals
together with cyclophosphamide, it improved the
histopathological and morphometrical changes induced
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by cyclophosphamide in the ovary. The histological
structures of the primary, secondary and graafian follicles
derived from the groups of cyclophosphamide pre-treated
with NSO were more preserved than that achieved from
cyclophosphamide-alone group. The combination may
also protect the ovarian follicles from the akylating
effects of cyclophosphamide as the number of
degenerated follicles was lowered in the three groups pre-
treated with NSO compared to cyclophosphamide-treated
group.

The combination of NSO with
cyclophosphamide seemed to suggest that the anti-
oxidative properties of NSO may have protected the
follicular cells from cyclophosphamide which is known

to cause the over-production of ROS (Alenzi et al., 2010).

This suggestion is in agreement with previous study
which reported the improvement of the survival follicles
and beneficial effects of Nigella sativa seeds on the
morphology and ovarian function of rat ovaries against
the toxicity effects induced by lead acetate (Arak & Assi,
2011). This study reported the effect of Nigella sativa
that resulted in decreasing the ovarian weight to body
weight weight ratio compared to the lead acetate-treated
group. The group that received combination treatment of
Nigella sativa and lead acetate also showed a decrease in
the size of Graafian follicle, a decrease in the number of
primary, secondary and Graafian follicles as well as
normal structure of the Graafian follicle.

In contrast to our observations, Yadav and
Agarwal (2011) reported that the ovarian follicles showed
degenerative changes following administration of
aqueous extract of Nigella sativa. This dissimilarity in
result is due to differences in the treatment regimen of
which theratsin that study were administered with a high
concentration of Nigella sativa extract (200mg/kg body
weight) for the duration of 40 days, without exposure to
anticancer drug. There are controversial reports regarding
the safety of Nigella sativa. Its oil was safe when given
orally to rats (LD50 of 28.8ml/kg) (Zaoui et al., 2002)
and oral thymoquinone was also found to be quite safe
(LD50 of 2.4 g/kg) (Badary et al., 1998). Zaghlol et al.
(2012) reported rats that received large doses of NSO (15
and 25ml/kg) for 1 month has toxic effects on the
histological structure of the kidney and liver and
therefore concluded that NSO should be used in proper
doses.

In conclusion, our observations in correlation
with histological and morphometrical analysis showed
that prophylactic treatment of mouse ovarian tissue to
Nigella sativa oil before cyclophosphamide exposure has
induced significant protection on the fine structure of
follicles. Also the survival rates of normal follicles in
these groups are higher than cyclophosphamide-treated
group thus the integrity of mouse ovarian is less likely to
be affected by the anticancer drug.

87

J. Anim. Plant Sci. 24(1):2014

Acknowledgement: The authors are grateful to Mdm. Sri
Viorwarti Noerdin from Kulliyyah of Pharmacy, 11UM
for the histology technical assistance. This work was
supported by a grant from the International Islamic
University Malaysia (I1UM) Research Endowment Fund.

REFERENCES

Adriaens, 1., R. Cortvrindt and J. Smitz (2004).
Differential FSH exposure in preantral follicle
culture has marked effects on folliculogenesis
and oocyte developmental competence. Hum
Reprod. 19(2): 398-408.

Agarwal, A. and S.S. Allamaneni (2004). Role of free
radicals in female reproductive diseases and
assisted reproduction. Reprod Biomed Online.
9(3): 338-347.

Aguilar-Mahecha, A., B.F. Hales and B. Robaire (2002).
Chronic cyclophosphamide treatment alters the
expression of stress response genes in rat male
germ cells. Biol. Reprod. 66: 1024-1032.

Alenzi, F.Q., Y.S. El-Bolkiny and M.L. Salem (2010).
Protective effects of Nigella sativa oil and
thymoquinone against toxicity induced by the
anticancer drug cyclophosphamide. Br J Biomed
Sci. 67(1): 20-28.

Arak, J. K. and M.A. Assi (2011). Effect of Nigella
Sativa L. seeds on ovaries function in adult Rats
treated with Lead Acetate. Al-Anbar Medical
J..9(2): 59-70.

Badary, O.A., O.A. Al-Shabana, M.N. Nagi, A.M. Al-
Bekairi and M.M.A. Elmazar (1998). Acute and
subchronic toxicity of thymoquinone in mice.
Drug Dev. Res. 44: 56-61.

Badary, O.A., RA., Taha, A.M. Gamalel-Din and M.H.
Abdel-Wahab (2003). Thymoquinone is a potent
superoxide anion scavenger. Drug Chem
Toxicol. 26(2): 87-98.

Becker, K. and J. Schoneich (1982). Expression of
genetic damage induced by alkylating agents in
germ  cells of female mice. Mutation
Res./Fundam. Mol. Mech. Mutagenesis. 92:
447-464.

Cecconi, S., G. Capacchietti, V. Russo, P. Berardinelli, M.
Mattioli and B. Barboni (2004). In vitro growth
of preantral follicles isolated from cryopreserved
ovine ovarian tissue. Biol Reprod. 70(1): 12-17.

Damewood, M.D. and L.B. Grochow (1986). Prospects
for fertility after chemotherapy or radiation for
neoplastic disease. Fertil Steril. 45(4): 443-459.

Erickson, G.F. (2003). Morphology and physiology of the
ovary. Endotext (Chapter 2). 51-58p.

Farokhi, F., R. Sadrkhanlou, Sh. Hasanzadeh and F.
Sultanalingjad (2006). Morphological and
morphometrical study of cyclophosphamide-
induced changes in the ovary and uterus in the



Kamarzaman et al.,

Syrian mice. Iranian J. Veterinary Research.
University of Shiraz. 8(4): 21.

Gosden, R.G. and M.J. Faddy (1994). Ovarian aging,
follicular depletion and steroidogenesis. EXxp.
Gerontol. 29: 265-274.

Guerin, P., S. El-Mouatassim and Y. Menezo (2001).
Oxidative stress and protection against reactive
oxygen species in the pre-implantation embryo
and its surroundings. Hum Reprod Update. 7(2):
175-189.

Hess, S.L., I.M. Johannsdottir, H. Hamre, C.E. Kiserud,

JH. Loge and SD. Fossa (2011). Adult

survivors of childhood malignant lymphoma are

not aware of their risk of late effects. Acta

Oncologica. 50: 653-659.

M. (2011). Thymoquinone reestablishes
spermatogenesis after testicular injury caused by
chronic toluene exposure in rats. Toxicol. Ind.
Health. 27: 155-166.

Kuhajda, F. P., H. M. Haupt, G. W. Moore and G. M.
Hutchins (1982). Gonadal morphology in
patients receiving chemotherapy for leukemia.
Evidence for reproductive potential and against
a testicular tumor sanctuary. Am J Med. 72(5):
759-767.

Kumar, R., J.D. Biggart, J. McEvoy and M.G. McGeown
(1972). Cyclophosphamide and reproductive
function. Lancet. 299: 1212-1214.

Mahgoub, A.A. (2003). Thymoquinone protects against
experimental colitisin rats. Toxicol Lett. 143(2):
133-143.

Mansour, M.A., O.T. Ginawi, T. El-Hudiyah, A.S. EI-
Khatib, O.A. Al-Shabanah and H.A. Al-Sawaf
(2001). Effects of volatile oil constituents of
Nigella sativa on carbon tetrachloride-induced
hepatotoxicity in mice: evidence for antioxidant
effects of thymoquinone. Res Commun Mol
Pathol Pharmacol. 110(3-4): 239-251.

Mansour, M.A., M.N. Nagi, A.S. El-khatib and A.M. Al-
Bekairi (2002). Effects of thymoquinone on
antioxidant enzyme activities, lipid peroxidation
and DT-diaphorasein different tissues of mice: a
possible mechanism of action. Cell Biochem
Funct. 20(2): 143-151.

Meirow, D., H. Lewis, D. Nugent and M. Epstein (1999).
Subclinical depletion of primordial follicular
reserve in mice treated with cyclophosphamide:
Clinical importance and proposed accurate
investigative tool. Hum. Reprod. 14: 1903-1907.

Meirow, D. and D. Nugent (2001). The effects of
radiotherapy and chemotherapy on female
reproduction. Hum. Reprod. Update. 7: 535-543.

Kanter,

88

J. Anim. Plant Sci. 24(1):2014

Meirow, D., M. Epstein, H. Lewis, D. Nugent and R.G.
Gosden (2001). Administration of
cyclophosphamide at different stages of
follicular maturation in mice: Effects on
reproductive performance and fetal
malformations. Hum Reprod. 16: 632-637.

Mitchell, D.C., S.L. Niu and B.J. Litman (2003).
Enhancement of G protein-coupled signaling by
DHA phospholipids. Lipids. 38: 437-443.

Mitchell, L. M., C. R. Kennedy and G. M. Hartshorne
(2002). Effects of varying gonadotrophin dose
and timing on antrum formation and ovulation
efficiency of mouse follicles in vitro. Hum
Reprod. 17(5): 1181-1188.

Mukhalad, A.M., M.JM. Mohamad and D. Hatham
(2009). Effects of Black Seeds (Nigella Sativa)
on Spermatogenesis and Fertility of Male Albino
Rats. Research J. Medicine and Medica
Sciences. 4: 386-390.

Nottola, S. A., S. Cecconi, S. Bianchi, , C. Motta, G.
Ross, M. A. Continenza et al. (2011).
Ultrastructure of isolated mouse ovarian follicles
cultured invitro. Reprod Biol Endocrinol. 9: 3.

Oktem, O. and K. Oktay (2007). A novel ovarian
xenografting model to characterize the impact of
chemotherapy agents on human primordial
follicle reserve. Cancer Res. 67: 10159-10162.

Pasqualotto, E.B., A. Agarwal, R.K. Sharma, V.M. |zzo,
JA. Pinotti, N.J. Joshi and B.l. Rose (2004).
Effect of oxidative stress in follicular fluid on
the outcome of assisted reproductive procedures.
Fertil. Steril. 81: 973-976.

Pryor, JL., C. Hughes, W. Foster, B.F. Hales and B.
Robaire (2000). Critical windows of exposure
for children's health: the reproductive system in
animals and humans. Environ Health Perspect.
108(3): 491-503.

Yadav, S. and M. Agarwal (2011). Effect of Nigella
sativa of the estrous cycle and ovarian activity in
albino rats. Pharmacologyonline. 3: 997-1006.

Zaghlol, D.A., E.S. Kamel, D.S. Mohammed and N.H.
Abbas (2012). The possible toxic effect of
different doses of Nigella sativa oil on the
histological structure of the liver and renal
cortex of adult male albino rats. Egypt. J. Histol.
35: 127-136.

Zaoui, A., Y. Cherrah, N. Mahassini, K. Alaoui, H.
Amarouch and M. Hassar (2002). Acute and
chronic toxicity of Nigella sativa fixed oil.
Phytomedicine. 9(1): 69-74.



