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Background: Cyclophosphamide has a toxic effect on the ovaries and may induce ovarian failure.  Premature
ovarian failure (POF) is a common condition that stands for cessation of the ovarian functions in women before
the age of 40 years. Vitamin E shows antioxidant features that can protect ovary from toxicity of cyclophospha-
mide. Melatonin is known for having antioxidant features that help ovary to restore its normal structure.
Purpose: Study the potential protective role of co-administration of vitamin E and melatonin on the ovarian
structure in cyclophosphamide induced ovarian failure.
Materials and Methods: The mice were divided into 5 groups (group I: control group that received orally distilled
water and olive oil. group II: cyclophosphamide group (75 mg/kg/day, intraperitoneally), group III: cyclophos-
phamide+ vitamin E group (200 mg/kg/day, by orogastric tube), group IV: cyclophosphamide+ melatonin group
(50 mg/kg/day, by orogastric tube), group V: cyclophosphamide+ vitamin E+ melatonin group. The ovarian
sections were examined histologically and immunohistochemically.
Results: Ovaries of cyclophosphamide+ vitamin E group and cyclophosphamide+ melatonin group had partial
improvement in the ovarian structure with reappearance of follicles at different stages of development, partial
regression in the extent of cortical fibrosis and moderate decrease in immunohistochemical reaction against
caspase-3 compared to cyclophosphamide group. Ovaries of cyclophosphamide+ vitamin E+ melatonin group
showed restoration of  nearly normal structure with normal appearance of follicles, zona pellucida and minimal
cortical collagen deposition. Morphometric studies of the cyclophosphamide+ vitamin E+ melatonin group
revealed a marked increase in follicle count, diameter and ovarian diameter with a decrease in collagen fibers
deposition.
Conclusion: A Combination of vitamin E and melatonin with cyclophosphamide helps to preserve the ovary and
restore normal ovarian structure in comparison to the use of vitamin E or melatonin alone.
KEY WORDS: C57BL/6 mice - caspase reaction - cyclophosphamide - follicles -melatonin - morphometric - prema-
ture ovarian failure – vitamin E.
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BACKGROUND MATERIALS AND METHODS
Cyclophosphamide is a widely used drug. It
directly damages ovarian follicles by inducing
apoptosis as a result of DNA damage. Addition-
ally, oxidative stress and inflammation play role
in cyclophosphamide induced ovarian failure
[1,2]. It causes rapid reduction in the oocytes
reserve and disappearance of the resting pri-
mordial follicles and other growing follicles [3].
It is linked to secondary premature ovarian fail-
ure (POF) that is characterized by amenorrhea
and elevation of gonadotrophin hormones lev-
els [4,5].
Different modalities are used in the manage-
ment of cyclophosphamide induced POF includ-
ing hormone replacement therapy (HRT) which
is the most common method used. However, it
can induce hormonal dependent cancer [6]. Sec-
ond, the invasive method as in-vitro activation
of dormant ovarian follicles which is useful for
treatment of POF [7]. Third, mesenchymal stem
cells (MSCs) are considered a possible modal-
ity in the management of POF. MSCs can restore
the ovarian function and improve the structure
of the damaged ovary but this method is very
expensive and stem cells may turn into malig-
nant cells [8].
Naturally occurring supplements show benefi-
cial effects with minimal side effects as ginger
and olive oil that were frequently used for POF
treatment. To our knowledge no ideal therapy is
found to protect ovaries from cyclophosphamide
induced ovarian failure and to preserve fertility
and the ovarian function [9].
Vitamin E is a lipid soluble vitamin that is found
in many sources as green vegetables, vegetable
oils and fruits and has antioxidant features [10].
Melatonin is produced mainly by the pineal
gland and other extrapineal sites like retina,
cerebellum, and ovary. Melatonin has anti-in-
flammatory and antioxidant properties [11]. It
activates tumor suppressor genes so it exerts
anti-tumor action [12].
The work aims to compare the potential protec-
tive roles of vitamin E or melatonin alone ver-
sus their concomitant administration on ovarian
structure in ovarian failure induced by cyclophos-
phamide in adult female black mice, using his-
tological and immunohistochemical studies.

Animals: The present study was carried out on
thirty-six adult female black mice aged about 8
weeks and weighed from 23 g to 29 g, obtained
from the Animal House, Anatomy department,
Faculty of Medicine, Alexandria University after
the approval of Ethics Committee, Faculty of
Medicine, Alexandria University [13].
All study groups are housed in standard hous-
ing conditions. Diet was administered in accor-
dance with the Egyptian Institute of Nutrition
(EIN). Throughout the experimental period, mice
were given food and fresh water ad libitum. Diet
was purchased from Tanta Oil and Soap Com-
pany, Egypt. Diet components: Bran  – cotton
seed meal - yellow corn - molasses - limestone
powder - table salt. Mice were housed two per
cage in a room temperature maintained at
twenty degrees (20 0%C) on a 12:12 hour light:
dark cycle [13].
The mice were divided into 5 groups 6 mice each
except the control group that was 12 mice di-
vided in two subgroups.
Group I: (control group) subdivided into
Subgroup Ia: 6 mice received distilled water
which was used as vehicle for cyclophospha-
mide (5 ml/ Kg)  intraperitoneally (IP), in the fifth,
twelfth and nineteenth days of study.
Subgroup Ib: 6 mice received olive oil which
was used as vehicle for vitamin E and melato-
nin (10 ml/Kg) by orogastric tube for 19 consecu-
tive days from the first day of the experiment.
The olive oil was the solvent used for vitamin E
and Melatonin as vitamin E is a fat-soluble vita-
min and   Melatonin is lipophilic. Distilled water
is the solvent used for Cyclophosphamide.
Group II: (cyclophosphamide group) (Cyc G) in-
cluded 6 mice received cyclophosphamide (75
mg/kg/day, intraperitoneally (IP), in the fifth,
twelfth and nineteenth days of study [14].
The dose of cyclophosphamide was adjusted to
induce ovarian failure in the experimental mice
without resulting in their death.  The frequency
of administration was chosen based on the fact
that cyclophosphamide inhibits its own activa-
tion within seven days [14].
Group III: (cyclophosphamide+ vitamin E group)
(Cyc + Vit E G) included 6 mice received
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vitamin E (200 mg/kg/day, by orogastric tube),
for 19 days starting from day one of the study
[15]. Then after half an hour from vitamin E ad-
ministration the mice received cyclophospha-
mide (75 mg/kg/day, intraperitoneally (IP), in the
fifth, twelfth and nineteenth days of study [14].
Group IV: (cyclophosphamide+ melatonin group)
(Cyc +M G) included 6 mice received melatonin
(50 mg/kg/day, by orogastric tube) for 19 days
starting from day one of the study [16]. Then
after half an hour from melatonin administra-
tion the mice received cyclophosphamide (75
mg/kg/day, intraperitoneally (IP), in the fifth,
twelfth and nineteenth days of study [14].
Group V: (cyclophosphamide+ vitamin E+ me-
latonin group) (Cyc +Vit E +M) included 6 mice
received vitamin E (200 mg/kg/day) and mela-
tonin (50 mg/kg/day) both by orogastric tube
for 19 days starting from day one of the study.
Then the mice received cyclophosphamide (75
mg/kg/day, intraperitoneally (IP), in the fifth,
twelfth and nineteenth days of study [14-16].
At the twenty sixth day of the experiment, the
mice were sacrificed by neck dislocation adher-
ing to the standards for use and care of animals
that have been authorized by Ethics Committee,
Faculty of Medicine, Alexandria University [13].
Drugs and materials:
Cyclophosphamide: It was purchased in the
form of Endoxan (1 g/vial), (Baxter Oncology
GmbH. Kantstrasse 2. D-33790 Halle. Germany).
Vitamin E was purchased in the commercially
available oral form 400mg/capsule, (Pharco
Pharmaceuticals, Egypt). Melatonin (3mg/ cap-
sule) was obtained from Organix Company,
Egypt.
METHODS
I. Weight of mice: The mice were weighed on
the first and twenty sixth days of the experiment
using a conventional balance.
II. Weight of ovaries: The two ovaries were
extracted then weighed using a sensitive scale.
III. Histological study: Both the right and left
ovaries were utilized [17].  The ovaries were
immediately fixed for 72 hours in 10% formol
saline and paraffin blocks were formed. The
automated microtome was used to section the
paraffin blocks in serial cuts. Then sections were
divided into four groups for different histological

methods in this study and examined by light
microscope (Leica DM750 Dual Viewing Pathol-
ogy Microscope) in pathology laboratory, Pathol-
ogy Department, Faculty of Medicine, Alexan-
dria University. It was used to obtain light mi-
croscopic images.
A. H&E stain: Sections were stained by hema-
toxylin and eosin (H&E) to assess the structure
of the ovaries.
B. Trichrome Stain: Sections from the paraffin
blocks were stained by different dyes with vary-
ing molecular weights in a sequential manner
to assess the amount of collagen fibers [18,19].
C. Periodic-Acid Schiff ’s (PAS) Stain: Sections
from the paraffin blocks were stained using
periodic acid (1%) in distilled water, schiff’s
reagent and sulphurous acid reagents [19].
D. Immunohistochemical study: Sections from
paraffin blocks were stained immuno-his-
tochemically utilizing the streptavidin-biotin
immune-enzymatic antigen detection method
[20]. Anti caspase-3 kit was the monoclonal an-
tibody used for the identification of apoptotic
cells in the ovarian tissue utilizing imaging
analysis system.
E. Morphometric studies: The number of fol-
licles in the ovaries was counted. The diameter
of the follicles and diameter of primary oocytes
were determined. The percentage of surface
area occupied by collagen fibers was measured.
The density of anti-caspase 3 positive immune
reaction was measured. All morphometric data
was measured by imaging analysis system
IMAGEJ (Rasband 1997–2019) in randomly
selected 12 fields per each group, at Center of
Excellence for Research in Regenerative Medi-
cine and its Applications (CERRMA), Faculty of
Medicine.
IV. Statistical analysis: The data were analyzed
by SPSS software package version 20.0 (Armonk,
NY: IBM Corp). The Shapiro-Wilk test was used
to verify the normality of distribution. F-test
(ANOVA): was used to compare between more
than two groups, while Post Hoc test (Tukey) was
used for pairwise comparisons, the level of sig-
nificance was P <0.05 [21].
RESULTS
I. Mice weight: There was no significant differ-
ence in the weight of all groups of mice at day 1
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of the experiment. Mice of group II (cyclophos-
phamide group) showed significant decrease in
the weight at day 26 compared to control
group(p<0.001). The other groups (group III,
group IV and group V) and the control group did
not significantly differ as regard weight (P >
0.05).  [table 1]
II. Weight of ovaries: When compared to the
control group, mice in group II (cyclophospha-
mide group) had significant decrease in the
weight of the right (p = 0.003) and left (p= 0.002)
ovaries. The other groups (group III, group IV and
group V) and the control group showed no sig-
nificant difference in the weight of the ovaries
(P > 0.05).  [table 1]
III. Histological study
A. H&E stain: In control group, ovary had a regu-
lar outline and it was divided into: outer cortex
and inner medulla. The cortex was occupied by
multiple follicles at different stages of matura-
tion. Ovary showed a cover of germinal epithe-
lium formed of single layer of low cuboidal cells
(Figure 1 a). Primary follicles were formed of
primary oocytes surrounded by a single layer of
cuboidal follicular cells (Figure 1 b), while sec-
ondary follicles showed multilayers of granulosa
cells and theca cells surrounding the primary
oocyte with multiple small antral cavities be-
tween granulosa cells. Corpus luteum was
formed of large sized pale granulosa lutin cells
surrounded by small dark eosinophilic theca lutin
cells (Figure 1 c). Graffian follicle was formed
of primary oocyte surrounded by corona radiata
projected in a single large antral cavity. Cumu-
lus oophorus is formed of granulosa cells. Th-
eca interna was formed of round shaped eosi-
nophilic cells and theca externa was formed of
collagen bundle and spindle shaped cells (Fig-
ure 1 d). The medulla showed large blood ves-
sels and spindle shaped stromal cells (Figure 1
e).
In cyclophosphamide treated group, the ovarian
structure was distorted with loss of the cortical
follicles. Multiple atretic follicles and degener-
ated corpus lutea were seen (Figure 2 a). De-
generated follicle appeared with irregular out-
line showing widely separated deeply stained
granulosa cells some appeared detached from
underlying basal lamina. Spindle shaped cells

most probably fibroblasts with flat nuclei
appeared in cortex. Remnants of theca cells were
seen peripherally with dark nuclei. Zone of fo-
cal loss of theca cells with inflammatory cells
infiltration were seen. Few primary follicles ap-
peared in the cortex (Figure 2 b).  Hyaline exu-
date appeared in the cortex between follicles
remnants. Thickening in the germinal epithelium
was noticed. Eosinophilic material was found
within degenerated cortical follicles. Atretic fol-
licles were found in cortex with extravasated
blood within follicle (Figure 2 c, d). Medulla
showed large number of spindle shaped cells
most probably fibroblasts and inflammatory cells
infiltration (Figure 2 e).
In combined cyclophosphamide and vitamin E
treated group, few follicles at different stages
of development were found in the cortex (Fig-
ure 3 a). Cortex showed primary follicles that
had vacuolated follicular cells. Some follicles
showed primary oocyte with vesicular nuclei but
with irregular outline, while other follicles
showed severely vacuolated cytoplasm and frag-
mented nucleus in association with vacuolated
granulosa cells. Dense nuclear fragments and
cytoplasmic dark bodies represent most likely
apoptotic figures. Eosinophilic homogenous
material was found (Figure 3 b). Secondary fol-
licles with primary oocyte revealed irregular zona
pellucida and vacuolated granulosa cells with
dark peripheral nuclei. Flat cells with flat nuclei
surround primary oocyte were most probably pre-
granulosa cells which were transitional cells
between primary and secondary follicles. Theca
cells were found around follicle. Some second-
ary follicles showed degenerated primary oo-
cytes. Moderate increase in thickness of germi-
nal epithelium was noticed (Figure 3 c, d).
Atretic follicles presented in cortex. Some
showed deeply stained degenerated granulosa
cells, while others showed vacuolated pale-
stained cells. Corpus luteum showed eosino-
philic cells. Medulla showed stromal cellular
infiltration and areas of hyaline exudate (Fig-
ure 3 d).
In combined cyclophosphamide and melatonin
treated group, few growing follicles at different
stages of development were found in the cortex
(Figure 4 a). Primordial follicles showed primary
oocytes with shrunken dark cytoplasm and
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(Figure 6 c, d). Group V showed minimal col-
lagen deposition in the cortex (Figure 6 e).
C. Periodic-Acid Schiff ’s (PAS) Stain: Control
group showed that zona pellucida had regular
outline and rounded contour around primary
oocyte (Figure 7 a), while group II showed that
zona pellucida was eroded and destroyed (Fig-
ure 7 b). Group III and group IV showed irregu-
lar shape of the zona pellucida (Figure 7 c, d).
Group V showed that zona pellucida had regular
outline and rounded contour around primary
oocyte (Figure 7 e).
D. Immunohistochemical study: Control group
showed minimally positive anti caspase -3 im-
mune reaction (Figure 8 a), while group II
showed highly positive anti caspase -3 immune
reaction (Figure 8 b). Group III and group IV
showed moderately positive anti caspase -3
immune reaction (Figure 8 c, d).  Group V
showed minimally positive anti caspase -3 im-
mune reaction like control group (Figure 8 e).
[table 2]
E. Morphometric studies:  According to num-
ber, diameter of follicles and diameter of pri-
mary oocyte.
All morphometric parameters in group II (cyclo-
phosphamide group) except number of atretic
follicles were significantly reduced compared to
group I (control group) (P <0.001). Morphomet-
ric analysis of group III (cyclophosphamide + vi-
tamin E group) and group IV (cyclophosphamide+
melatonin group) showed significant improve-
ment in morphometric parameters in compari-
son to group II (P <0.001). Group IV showed sig-
nificant improvement in the morphometric pa-
rameters in comparison to group III. Morpho-
metric analysis of group V (cyclophosphamide+
vitamin E+ melatonin group) showed that the
morphometric parameters were nearly like con-
trol group with no significant difference (P >
0.05). Group V revealed significant improvement
in the morphometric parameters in comparison
to group II, group III and group IV (P <0.001).
[table 2, 3,4]
According to the percentage of surface area oc-
cupied by collagen fibers in sections stained by
trichrome stain, the area% of collagen was sig-
nificantly increased in group II compared to con-
trol group (P <0.001). The area% of collagen in

condensed nuclei. Primary follicles were found
in the cortex. They showed primary oocyte with
single layer of cuboidal follicular cells, some
follicular cells showed minimal vacuolation with
dark shrunken nucleus. Inflammatory cellular
infiltration was found in the cortex and medulla.
Congested blood vessels were found in the me-
dulla (Figure 4 b, c).
Secondary follicle showed primary oocyte with
irregular outline that was peripherally placed
and vacuolated granulosa cells (Figure 4 d).
Corpus luteum showed vacuolated granulosa
lutein cells with loss of normal eosinophilia with
dark shrunken nuclei (Figure 4 e).
In combined cyclophosphamide, melatonin and
vitamin E treated group, relative increase in the
number of follicles in the cortex was noticed.
Medulla showed minimal vascular congestion
(Figure 5 a, b). Germinal epithelium showed
moderate increase in thickness.  Primary oocyte
had a regular contour and was surrounded by
zona pellucida and granulosa cells. Theca cells
appeared around basement membrane of fol-
licle. Minimal congested capillaries were found
in the cortex (Figure 5 b, c, d). Secondary fol-
licle had restored its normal architecture. It had
primary oocyte surrounded by granulosa cells,
theca externa and theca interna with multiple
small antral cavities between granulosa cells
(Figure 5 d, e).
Graafian follicle was seen composed of primary
oocyte surrounded by corona radiata projected
in large antral cavity. Cumulus oophorus was
formed of granulosa cells. The follicle was sur-
rounded by theca externa and theca interna with
normal structure (Figure 5 d). Corpus luteum
showed vacuolated cytoplasm of granulosa lutin
cells surrounded by small dark eosinophilic th-
eca lutin cells. Apoptotic bodies showed con-
densed eosinophilic fragmented bodies with
dense nuclear fragments (Figure 5 e).
B. Trichrome Stain: Control group showed
scanty amount of collagen deposited in the ova-
rian cortex around primary follicles (Figure 6 a),
while group II showed extensive collagen depo-
sition in ovarian cortex and subepithelial region
(Figure 6 b). Group III and group IV showed
deposition of moderate amount of collagen in
the cortex between ovarian follicles
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group III and group IV was significantly decreased compared to group II (both P values <0.001).
The area% of collagen in group IV was significantly decreased in comparison to area% of collagen
in group III (P <0.001).  The area% of collagen in group V was more significantly decreased than
area% of collagen in group II, group III and group IV (P<0.001). [table 2]
According to density (percentage of positive cells) in sections stained by anti-caspase 3, percent-
age of positive cells significantly increased in group II (P<0.001), group III (P<0.001) and group
IV(P<0.001) compared to control group (group I). No significant difference in the percentage of
positive cells was noticed between group V and control group (group I) (P = 0.397). [table 2]
Table 1: Comparison between the different studied groups according to weight of mice and ovaries.

Group II Group III Group IV Group V

Subgroup Ia Subgroup Ib (n = 6) (n = 6) (n = 6) (n = 6)

(n = 6) (n = 6)

Day 1

Min. – Max. 24.0 – 26.0 23.0 – 26.0 23.0 – 28.0 25.0 – 27.0 25.0 – 28.0 25.0 – 29.0

Mean ± SD. 25.0 ± 0.89 24.60 ± 1.36 26.0 ± 2.10 26.0 ± 0.89 26.40 ± 1.02 26.60 ± 1.36

Day 26

Min. – Max. 24.0 – 27.0 23.0 – 27.0 20.0 – 22.0 23.0 – 29.0 22.0 – 30.0 23.0 – 29.0

Mean ± SD. 25.40 ± 1.20 25.0 ± 1.41 21.0 ± 0.89 26.20 ± 1.94 26.40 ± 2.58 25.60 ± 2.15

p1 <0.001* 0.789 0.658 0.991

p2 <0.001* <0.001* 0.001*

p3 1 0.976

p4 0.933

Right

Min. – Max. 0.036 – 0.040 0.032 – 0.037 0.027 – 0.037 0.031 – 0.037 0.030 – 0.036 0.031 – 0.039

Mean ± SD. 0.038 ± 0.002 0.035 ± 0.002 0.031 ± 0.004 0.034 ± 0.002 0.033 ± 0.002 0.035 ± 0.003

p1 0.003* 0.558 0.109 0.9

p2 0.209 0.684 0.07

p3 0.903 0.981

p4 0.616

Left

Min. – Max. 0.035 – 0.040 0.033 – 0.039 0.028 – 0.037 0.032 – 0.038 0.032 – 0.039 0.031 – 0.040 4.542* 0.005*

Mean ± SD. 0.038 ± 0.002 0.036 ± 0.002 0.032 ± 0.003 0.035 ± 0.002 0.035 ± 0.002 0.036 ± 0.003

p1 0.002* 0.65 0.569 0.8

p2 0.119 0.149 0.074

p3 1 0.999

p4 0.997

9.510* <0.001*

Weight of ovaries (gram)

4.671* 0.005*

Group I  (n = 12)

F p

Weight of mice (gram)

2.643 0.052

Group II Group III Group IV Group V

Subgroup Ia Subgroup Ib (n = 12) (n = 12) (n = 12) (n = 12)

(n = 12) (n = 12)

Min. – Max. 2.00 – 3.50 2.00 – 3.10 80.00 – 85.00 6.00 – 7.50 6.00 – 9.00 2.00 – 4.00

Mean ± SD. 2.84 ± 0.56 2.58 ± 0.41 83.00 ± 1.54 6.84 ± 0.56 7.83 ± 0.94 3.25 ± 0.62

p1 <0.001* <0.001* <0.001* 0.397

p2 <0.001* <0.001* <0.001*

p3 0.046* <0.001*

p4 <0.001*

Min. – Max. 71.66 – 86.30 72.10 – 82.10 14.85 – 17.50 39.50 – 58.85 49.75 – 68.30 53.60 – 87.00

Mean ± SD. 78.98 ± 3.88 76.85 ± 3.19 15.72 ± 0.74 53.90 ± 5.33 59.79 ± 6.82 70.74 ± 9.02

p1 <0.001* <0.001* <0.001* 0.004*

p2 <0.001* <0.001* <0.001*

p3 0.078 <0.001*

p4 <0.001*

Min. – Max. 12.03 – 13.44 15.63 – 16.90 32.70 – 48.18 29.87 – 32.13 18.28 – 32.74 9.70 – 23.40

Mean ± SD. 12.69 ± 0.43 16.00 ± 0.35 40.03 ± 4.34 30.83 ± 0.60 24.69 ± 4.25 13.82 ± 3.90

p1 <0.001* <0.001* <0.001* 0.989

p2 <0.001* <0.001* <0.001*

p3 <0.001* <0.001*

p4 <0.001*

Diameter of primary oocyte (µm)

272.48* <0.001*

percentage of surface area occupied by collagen fiber (Percentage of fibrosis %)

182.841* <0.001*

Group I  (n = 24)

F p

Density (percentage of positive cells%) 

21008.59* <0.001*

Table 2: Comparison between the different studied groups according to density (percentage of positive cells) in sections stained by
anticaspase-3, diameter of primary oocyte and percentage of surface area occupied by collagen fibers (percentage of fibrosis) in sections
stained by trichrome stain.

SD: Standard deviation
F: F for One way ANOVA
test, Pairwise com-
parison bet. each 2
groups was done using
Post Hoc Test (Tukey)
p: p value for compar-
ing between the five
studied groups (Total
group I, II, III, IV and V)
p1: p value for compar-
ing between Group I
and each other groups
p2: p value for compar-
ing between Group II
and each other groups
p3: p value for compar-
ing between Group III
and each other groups
p4: p value for compar-
ing between Group IV
and each other groups
*: Statistically signifi-
cant at p < 0.05

SD: Standard deviation
F: F for One way ANOVA test,
Pairwise comparison bet. each
2 groups was done using Post
Hoc Test (Tukey)
p: p value for comparing be-
tween the five studied groups
(Total group I, II, III, IV and V)
p1: p value for comparing be-
tween Group I and each other
groups
p2: p value for comparing be-
tween Group II and each other
groups
p3: p value for comparing be-
tween Group III and each other
groups
p4: p value for comparing be-
tween Group IV and each other
groups
*: Statistically significant at p <
0.05
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Table 3: Comparison between the different studied groups as regard diameter of follicles.

Table 4: Comparison between the different studied groups as regard number of follicles.

Diameter of follicles Group II Group III Group IV Group V

(µm) Subgroup Ia Subgroup Ib (n = 12) (n = 12) (n = 12) (n = 12)

(n = 12) (n = 12)

Primary

Min. – Max. 41.55 – 68.60 50.50 – 56.60 17.00 – 21.95 24.95 – 53.70 20.70 – 49.00 37.50 – 66.85 F=

Mean ± SD. 48.78 ± 7.36 53.68 ± 2.13 18.84 ± 1.49 35.15 ± 7.66 36.57 ± 9.58 52.88 ± 11.47 45.937*

p1 <0.001* <0.001* <0.001* 0.972

p2 <0.001* <0.001* <0.001*

p3 0.991 <0.001*

p4 <0.001*

Secondary

Min. – Max. 144.4 – 213.7 168.5 – 181.8 – 41.95 – 197.1 106.5 – 144.4 149.0 – 299.0 F=

Mean ± SD. 179.7 ± 17.92 173.6 ± 4.26 – 122.3 ± 44.08 123.1 ± 10.36 193.6 ± 39.74 22.744*

p1 – <0.001* <0.001* 0.328

p2 – – –

p3 1 <0.001*

p4 <0.001*

Graffian

Min. – Max. 419.4 – 442.3 429.2 – 449.3 – – – 413.2 – 440.5 t=

Mean ± SD. 427.6 ± 6.06 439.0 ± 6.60 – – – 425.2 ± 7.93 2.726*

Group I  (n = 24)

Test of Sig. p

<0.001*

<0.001*

0.010*

Group II Group III Group IV Group V

Subgroup Ia Subgroup Ib (n = 12) (n = 12) (n = 12) (n = 12)

(n = 12) (n = 12)

Primary

Min. – Max. 30.0 – 34.0 31.0 – 33.0 11.0 – 14.0 19.0 – 22.0 21.0 – 30.0 22.0 – 36.0

Mean ± SD. 32.0 ± 1.04 32.0 ± 0.65 12.17 ± 0.85 20.83 ± 0.85 25.83 ± 2.60 31.17 ± 4.06

p1 <0.001* <0.001* <0.001* 0.786

p2 <0.001* <0.001* <0.001*

p3 <0.001* <0.001*

p4 <0.001*

Secondary

Min. – Max. 17.0 – 20.0 15.0 – 18.0 0.0 – 0.0 5.0 – 8.0 10.0 – 15.0 10.0 – 25.0

Mean ± SD. 18.18 ± 0.86 16.34 ± 0.99 0.0 ± 0.0 6.33 ± 0.88 13.0 ± 1.49 18.33 ± 4.01

p1 <0.001* <0.001* <0.001* 0.521

p2 <0.001* <0.001* <0.001*

p3 <0.001* <0.001*

p4 <0.001*

Atretic

Min. – Max. 4.0 – 5.0 5.0 – 6.0 4.0 – 9.0 4.20 – 8.20 4.0 – 7.0 4.0 – 7.0

Mean ± SD. 4.50 ± 0.40 5.66 ± 0.38 7.0 ± 1.46 6.03 ± 1.07 5.50 ± 1.15 5.67 ± 0.75

p1 <0.001* 0.068 0.763 0.475

p2 0.143 0.005* 0.015*

p3 0.695 0.899

p4 0.994

219.881* <0.001*

7.694* <0.001*

Number of 
follicles

Group I  (n = 24)

F p

220.662* <0.001*

SD: Standard deviation t: Student t-test
F: F for One way ANOVA test, Pairwise comparison bet. each 2 groups was done using Post Hoc Test (Tukey)
p: p value for comparing between the five studied groups (Total group I, II, III, IV and V)
p1: p value for comparing between Group I and each other groups
p2: p value for comparing between Group II and each other groups
p3: p value for comparing between Group III and each other groups
p4: p value for comparing between Group IV and each other groups
*: Statistically significant at p < 0.05

SD: Standard deviation
F: F for One way ANOVA test, Pairwise comparison bet. each 2 groups was done using Post Hoc Test (Tukey)
p: p value for comparing between the five studied groups (Total group I, II, III, IV and V)
p1: p value for comparing between Group I and each other groups
p2: p value for comparing between Group II and each other groups
p3: p value for comparing between Group III and each other groups
p4: p value for comparing between Group IV and each other groups
*: Statistically significant at p < 0.05
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Figure 1(a- e): Microscopic sections of
mouse’s ovary of the control group (group I)
showing ovary is divided into: cortex (C) with
multiple follicles (F) and medulla (M) (1 a).
Primary follicles (arrow) are formed of pri-
mary oocytes surrounded by a single layer
of cuboidal follicular cells (1b). Secondary
follicles (double arrow) show multilayers of
granulosa cells (G) and theca cells (T) sur-
rounding the primary oocyte (O) with small
antral cavities (A) between granulosa cells.
Germinal epithelium is formed of single layer
of low cuboidal cells (arrow). Corpus luteum
(CL) are seen showing granulosa lutin cells
(GL) surrounded by theca lutin cells (TL) (1c).
Graffian follicle (GF) is formed of primary
oocyte (O) surrounded by corona radiata (CR)
projected in large antral cavity (A). Cumulus
oophorus (CO) is formed of granulosa cells.
Theca externa (TE) is formed of collagen
bundle and spindle shaped cells and theca
interna (TI) is formed of round shaped eosi-
nophilic cells. Normal appearance of the
medulla (M) is seen with large blood vessels

(BV) and spindle shaped stromal cells (arrow head). Multiple corpus lutea (CL) are seen (2e). (H&E. (a)x 40, (b, c, e) x
100, (d)x 200).

Figure 2(a-e): Microscopic sections of
mouse’s ovary of cyclophosphamide
treated group (group II) showing that
the ovarian structure is distorted with
loss of the cortical follicles. Multiple
atretic follicles (AF) and degenerated
corpus lutea (CL) are seen (2a). Degen-
erated follicle (asterisk) showing
deeply stained granulosa cells. Rem-
nants of theca cells (T), zone of focal
loss of theca cells with inflammatory
cells infiltration (double arrow) are
seen. Spindle shaped cells most prob-
ably fibroblasts with flat nuclei (F) are
seen. Note numerous inflammatory
cells with segmented nuclei (arrow-
head) are found. Few primary follicles
(arrow) appear in the cortex (2b). Eosi-
nophilic material (H) is found in be-
tween degenerated follicles. The germi-
nal epithelium shows marked thicken-
ing (arrow). Atretic follicle (AF) has de-
generated dark granulosa cells. These
cells appear detached from the under-
lying basal lamina (arrowhead) and the
surrounding cells. Extravasated blood
(B) is found within atretic follicle (2c,
d). Inflammatory cells infiltration (ar-
row) is seen in the medulla (M). Spindle
shaped cells (arrowhead). Corpus lutea
(CL)(2e). (H&E. (a) X40, (b) X200, (c-d)
X400, (e) X100)
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Figure 3(a-d): Microscopic sections
of mouse’s ovary of combined cy-
clophosphamide and vitamin E
treated group (group III) showing
few follicles (F) at different stages
of development in the cortex (C) (3a).
Three primary follicles (arrow) are
found with vacuolated follicular
cells. Some follicles show primary
oocyte with vesicular nuclei but
with irregular outline (star), while
other shows severely vacuolated
cytoplasm and fragmented nucleus
(double star) in association with
vacuolated granulosa cells (arrow-
head). Some granulosa cells depict
dense nuclear fragments and cyto-
plasmic dark bodies (double arrow)
are found. Note eosinophilic ho-
mogenous material is found (E) (3b).

Figure 4(a-e): Microscopic sections
of mouse’s ovary of combined cy-
clophosphamide and melatonin
treated group (group IV) showing few
growing follicles (F) at different
stages of development in the cortex
(C) (4a). Primary follicles (arrow)
are found in cortex. Corpus luteum
(CL) shows eosinophilic cells. Cel-
lular infiltration (arrowhead) is seen
in the cortex. Medulla (M) shows in-
flammatory cells infiltration (ar-
rowhead) and congested blood ves-
sels (BV). Primordial follicles
(double arrow) show primary oo-
cytes with shrunken dark cytoplasm
and condensed nuclei. Primary fol-
licle (PF1) shows primary oocyte
with single layer of cuboidal folli-
cular cells, while (PF2) shows mini-
mal vacuolation in the follicular
cells with dark shrunken nucleus.
(4b,c). Secondary follicle (double ar-
row) has irregular outline oocyte (O)
and vacuolated granulosa cells (ar-
row heads). Note cellular infiltra-
tion (arrow) is seen (4d). Corpus

Secondary follicle (double arrow) has primary oocyte (O) revealing irregular zona pellucida (ZP) and vacuolated
granulosa cells with dark peripheral nuclei (arrow). Flat cells (arrowhead) with flat nuclei surround primary oocyte
most probably pre-granulosa cells are seen. Theca cells (T) are found around follicle. Moderate increase in thick-
ness of germinal epithelium (red arrow) is seen (3c). Multiple atretic follicles: first one (AF1) has deeply stained
degenerated granulosa cells, while second one (AF2) shows vacuolated pale-stained cells. Secondary follicle (double
arrow) with degenerated primary oocyte is noticed. Corpus luteum (CL) shows eosinophilic cells. Stromal cellular
infiltration and areas of hyaline exudate (E) are seen in medulla (3d).  (H&E. (a) X40, (b, c) x 400, (d)x 100)

luteum (CL) has vacuolated granulosa lutein cells (arrowhead) with loss of normal eosinophilia with dark shrunken
nuclei. Inflammatory cellular infiltration is noticed (arrow) (4e). (H&E. (a) X40, (c, e)x 400, (b)x 100, (d)x 200)
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Figure 5(a- e): Microscopic sections of
mouse’s ovary of combined cyclophospha-
mide, vitamin E and melatonin treated group
(group V) showing relative increase in the
number of follicles (F) in the cortex (C) (5a).
Primary follicles (arrow) show control like
pattern. Medulla (M) shows minimal vascu-
lar congestion (arrowhead) and eosinophilic
homogenous substance (E). Atretic follicle
(AF) and corpus luteum (CL) are seen (5b).
Primary follicle (arrow) has regular contour,
well developed granulosa cells.  Primary
oocyte (O) is surrounded by zona pellucida
(zp) and granulosa cells (G). Theca cells (T)
appear around basement membrane of fol-
licle. Minimal congested capillaries (arrow-
head) appear in the cortex (C). Germinal epi-
thelium (double arrow) shows moderate in-
crease in thickness. Tunica albuginea (TA)
lies underlying this epithelium (5c). Second-
ary follicle (double arrow) restored its nor-
mal architecture with multiple small antral
cavities (A) between granulosa cells (G) that
surround primary oocyte. Graffian follicle
(GF) is seen composed of primary oocyte (O)

Figure 6(a- e): Microscopic sections of
mouse’s ovary of the control group (group
I) showing scanty amount of collagen
(green arrow) in the ovarian cortex (C)
around primary follicles (arrow) (6a).  Ex-
tensive collagen deposition (green arrow)
is found in ovarian cortex (C) and subepi-
thelial region in group II (6b). Deposition
of moderate amount of collagen (green ar-
row) is found in the cortex (C) between
ovarian follicles (F) in group III (6c). Mod-
erate collagen deposition (green arrow)
is found in the cortex (C) especially around
primary follicle (arrow) and in subepithe-
lial region in group IV (6d). Minimal col-
lagen deposition (green arrow) is seen in
the cortex (C) around secondary follicle
(double arrow) in group V (6e). (Trichrome.
x 200).

surrounded by corona radiata (CR) projected in large antral cavity (A). Cumulus oophorus (CO) is formed of granu-
losa cells. The follicle is surrounded by theca interna (TI) and theca externa (TE) with normal structure. Thickened
germinal epithelium is noticed. (arrowhead) (5d). Secondary follicle (double arrow) has primary oocyte (O). The
follicle is surrounded by granulosa cells (G), theca externa (TE) and theca interna (TI). Corpus luteum (CL) shows
vacuolated cytoplasm of granulosa lutin cells (GL) surrounded by small dark eosinophilic theca lutin (TL) cells.
Apoptotic bodies (AP) show condensed eosinophilic fragmented bodies with dense nuclear fragments (5e). (H&E. (a)
X40, (c)X 400, (b)X 100, (d, e)X 200)
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Figure 7(a- e): Microscopic section of
mouse’s ovary of the control group (group I)
showing the zona pellucida (arrow) has
regular outline and rounded contour around
primary oocyte (O) (7a).  The zona pellucida
(arrow) is eroded and destroyed in group II
(7b).  Irregular shape of the zona pellucida
(arrow) is noticed that surrounds degener-
ated primary oocyte (O) in group III (7c).
Irregular shape of the zona pellucida (ar-
row) is found in group IV (7D). The zona pel-
lucida (arrow) restores its normal shape. It
has regular outline and rounded contour
around primary oocyte (O) in group V (7e).
(PAS. X400)

Figure 8(a- e): Microscopic section of
mouse’s ovary of control group (group I)
showing minimal positive anti caspase 3
immune reaction in the apoptotic cells
(arrow) in secondary follicle (double ar-
row) (8a).  Group II shows high positive
anti caspase 3 immune reaction in the
apoptotic cells (arrow) in the atretic fol-
licle (double arrow) (8b). Group III shows
moderate positive anti caspase 3 immune
reaction in the apoptotic cells (arrow) in
secondary follicle (double arrow) and in
the cortex (C) (8c). Group IV shows mod-
erate positive anti caspase 3 immune re-
action in the apoptotic cells (arrow) in
the cortex (C) around and in secondary
follicle (double arrow) (8d). Group V
shows minimal positive anti caspase 3
immune reaction in the apoptotic cells
(arrow) in secondary follicle (double ar-
row) (8e). (Immunoperoxidase. X 200)
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DISCUSSION
In our study, cyclophosphamide caused severe
ovarian affection, which was proved by histo-
logical and immunohistochemical methods. Vi-
tamin E and melatonin exerted partial protec-
tion through their therapeutic potential.
Cyclophosphamide is used to treat many dis-
eases, especially rheumatic diseases. However,
gonadal toxicity and ovarian failure induced by
cyclophosphamide remain a serious problem
facing its therapeutic administration. Numerous
studies have been conducted to reduce the im-
pact of cyclophosphamide on fertility [2].
The dose of cyclophosphamide was adjusted to
induce ovarian failure in the experimental mice
without resulting in their death. This dose was
adopted from previous studies using mice to
assess the efficacy of platelet-rich plasma and
melatonin in mitigating cyclophosphamide-in-
duced ovarian failure [14]. The frequency of
administration was chosen based on the fact that
cyclophosphamide inhibits its own activation
within seven days so the period between suc-
cessive doses was seven days [22].
According to Mansour-Gueddes SB and Saidana-
Naija D [10], vitamin E has been reported to be
effective in protecting the ovary against the toxic
effect of cyclophosphamide. Previous studies
used the same dose of vit E to control the oxi-
dative damage resulting from sperm
cryopreservation and to treat diazinon-induced
ovarian toxicity through modulation of apoptosis
[15, 23, 24].
A study done by Megha KB et al. [11], concluded
that melatonin reduced the side effects of cy-
clophosphamide by removing the free radicals.
Liu et al. [16] used the same melatonin dose as
in our study to improve cardiac function in a
model of heart failure.
To our best knowledge, this study is the first to
use vitamin E and melatonin together to address
cyclophosphamide-induced ovarian toxicity.
The cyclophosphamide group revealed a sig-
nificant decrease in the weight of mice and the
ovaries compared to the control group. The his-
tological examination showed ovaries with a
distorted structure. There was thickening of the
germinal epithelium, degeneration of the corti-
cal follicles, inflammatory cellular infiltration,

and extravasated blood vessels. A significant
decrease in the ovarian follicles was encoun-
tered along with abundant atretic follicles.
Significant increase in collagen was noticed by
Trichrome stain. Eroded zona pellucida was
evident in PAS-stained sections. Immunohisto-
chemically, high anti-caspase-3 positivity was
observed in many cells.
The reduction in body weight in the group II mice
could be explained by cyclophosphamide’s sys-
temic multiorgan toxic effects [25]. Additionally,
cyclophosphamide exerted cytotoxic effects on
taste buds, leading to appetite loss and reduced
food intake [26, 27].
The reason behind the distortion of the struc-
ture of the ovary is that cyclophosphamide acti-
vates p53 which activates the intrinsic pathway
of apoptosis. It inhibits the anti-apoptotic pro-
teins Bcl-2 and Bcl-xL. Additionally, by enhanc-
ing mitogen-activated protein kinase, cyclophos-
phamide induces apoptosis. Cyclophosphamide,
in turn, can induce apoptosis in ovarian follicu-
lar cells, especially granulosa cells, which ex-
hibit a high rate of proliferation [28-30].   Another
explanation of the ovarian distortion is that cy-
clophosphamide is an alkylating agent. The ac-
tive metabolite of cyclophosphamide causes
intra- and inter-strand DNA crosslinking, lead-
ing to inhibition of DNA replication and gene
transcription and inducing apoptosis [31].
Vacuolation of granulosa cells may result from
inhibition of steroid synthesis, leading to lipid
accumulation within the cells. Other steroid-pro-
ducing cells, like the adrenal gland, may be af-
fected. Hyaline exudate or (eosinophilic homo-
geneous material) can be attributed to the in-
terruption of circulation, as a disturbance of
normal angiogenesis, or the formation of throm-
bus.[32]
Oocyte degeneration has been shown to occur
after exposure to cytotoxic drugs, so atresia of
follicles begins with degeneration of the oocyte
with nuclear changes in the form of chromatin
condensation and pyknosis, followed by granu-
losa cells’ degeneration [32].
Cyclophosphamide induced an inflammatory
response by activating nuclear factor kappa B,
leading to the production of proinflammatory
cytokines, such as tumour necrosis factor alpha
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(TNF -  ). These proinflammatory cytokines
stimulated inflammatory cells to invade the ova-
rian stroma [33].
The study by Liu et al. [34] reported degenera-
tive changes in ovarian structure, resulting in a
decrease in the number of telocytes after treat-
ment with cyclophosphamide. Telocytes in the
ovarian tissues play an important role in pre-
serving the ovarian microenvironment and re-
pairing the injured tissue.
Alkylating agents like cyclophosphamide can
induce ovarian follicle loss through decreased
micro-vascularisation of follicles and induction
of follicle degeneration [35]. These findings
were supported by a previous study that
assessed the prophylactic role of Nigella sativa
in adult mice, which reported marked degenera-
tion of ovarian follicles [36].
Cyclophosphamide caused damage to the blood
vessels of the ovary. An end-artery system sup-
plies the ovary, so focal fibrosis is the conse-
quence of blood vessel obstruction, which blocks
the blood flow to some areas of the ovary [37].
Another explanation is that cyclophosphamide
directly destroyed the follicles, leading to focal
fibrosis. [37, 38].
The observed degeneration of zona pellucida
could be explained as cyclophosphamide induces
oxidative stress. It causes damage and deple-
tion of glycoprotein in the zona pellucida. Cy-
clophosphamide decreases expression of Zp1,
2 and 3 those are necessary for proper forma-
tion of zona pellucida [39].
Group III (Cyc + Vit E G) showed no change in
the weight of mice nor the weight of the ovaries
at the end of experiment. The histological ex-
amination showed that ovaries of group III had
improvement in the ovarian structure in the form
of few follicles at different stages of develop-
ment in the cortex. The number of the follicles
in the ovaries, the diameter of the follicles and
diameter of primary oocytes showed that all
parameters except number of atretic follicles
were significantly increased in group III com-
pared to group II. Moderate collagen deposition
was seen by Trichrome stain. Irregular zona
pellucida as was depicted in PAS- stained
sections. Immunohistochemically, group III
showed moderate caspase 3 positivity in many

cells.
The protective role of vitamin E is attributed to
the strong antioxidant with many cytoprotective
capacities. So, vitamin E can protect the ovary
when it is taken as adjuvant therapy with cyclo-
phosphamide [9].
According to study done by Haliciu et al. [40],
vitamin E accelerated the improvement of ova-
rian structure as it stimulated the growth of the
ovarian follicles. Raeeszadeh et al. [41] referred
the increase in the number of normal follicles in
rats received vitamin E with cyclophosphamide
to the activity of vitamin E in modulating the
immune system, promoting the growth of dam-
aged follicles, and supporting the oxidative bal-
ance.
Vitamin E has an anti-inflammatory effect and
an antioxidant effect so it can reduce neutro-
phil and macrophage infiltration. It neutralizes
reactive oxygen species resulted from inflam-
matory processes [42].
A study done by Du et al. [43] showed marked
decrease in collagen deposition in the ovaries
of rats treated by vitamin E in cisplatin induced
fibrosis as lipid peroxides accumulation can in-
duce fibrosis so using vitamin E reverses the
progression of fibrosis through its antioxidant
characteristics.
Vitamin E has a protecting role against lipid
peroxidation. Vitamin E protects the zona pellu-
cida components like lipid and protein against
degradation induced by oxidative stress [44].
Vitamin E has anti-apoptotic properties. It can
down regulate the apoptotic markers. Vitamin E
can decrease free radicals which are respon-
sible for the activation of apoptosis cascade.  In
this way, vitamin E can protect cells against
damage and excessive apoptosis [45].
Group IV (Cyc +M G) showed no change in the
weight of mice or weight of ovaries at the end
of experiment. The histological examination
showed that ovaries of group IV had improve-
ment in the ovarian structure in the form of
growing follicles in the cortex and decrease in
the sign of inflammation and degeneration. The
number of the follicles in the ovaries, the diam-
eter of the follicles and diameter of primary
oocytes showed that all parameters except num-
ber of atretic follicles were significantly
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increased in group IV compared to group II.
Moderate collagen deposition was seen by
Trichrome stain. Irregular zona pellucida was evi-
dent in PAS- stained sections. Immuno-his-
tochemically, group IV showed moderate
caspase 3 positivity in many cells.
The protective role of melatonin is explained by
mitigating the status of oxidative stress caused
by cyclophosphamide. It can protect granulosa
cells and primary oocytes from the harmful ef-
fect of cyclophosphamide [46]. Barberino et al.
[47] reported the protective effect of melatonin
on the ovary as melatonin promoted
folliculogenesis and increased the number of
normal follicles in the cortex. A study done by
Feng et al. [48]  reported that melatonin attenu-
ated follicles loss induced by cyclophosphamide
as melatonin is a free radical scavenger in the
ovarian follicles, it protects granulosa cells from
the apoptosis and promotes oocyte maturation.
Melatonin has anti-fibrotic properties because
it can inhibit the cells injury in the initial phase
of fibrosis as impaired cells induce fibrogenic
response. Melatonin inhibits the release of in-
flammatory cytokines. It can decrease the depo-
sition of collagen and the development of fibro-
sis. It helps the organs recovery after the devel-
opment of pathological fibrosis [49].
A study done by Goktepe et al. [50] showed the
major role of melatonin as anti-fibrotic as it can
inhibit epithelial cell injury either via apoptotic
or necrotic changes. Melatonin can also de-
crease expression of factors inducing fibrosis
as cytokines and chemokines.
Normally, follicles of the ovary contain melato-
nin in their fluid. Melatonin can protect zona
pellucida against oxidative stress by decreas-
ing degradation of carbohydrate in oocytes and
zona pellucida. Melatonin has an anti-apoptotic
activity as it can inhibit caspase 3 leading to
blockage of the apoptosis process either the
intrinsic or the extrinsic pathways [51].
Group V (Cyc + Vit E + M G) showed no change
in the weight of mice at the end of experiment
or weight of ovaries. The histological examina-
tion showed that ovaries of group V had restored
the normal ovarian structure in the form of
appearance of nearly normal follicles in the
cortex. all parameters were nearly like control

group. Minimal collagen deposition was seen
by Trichrome stain. The normal rounded shape
of zona pellucida was evident in PAS- stained
sections. Immunohistochemically, group V
showed minimal caspase 3 positivity in many
cells.
Mallamaci R et al. [52] in their study reported
melatonin, vitamin E and Trolox were more ef-
fective in the reduction of the oxidative stress
than using a single drug so the combination
therapy can afford maximal protection against
the harmful effects of drugs inducing oxidative
stress.
Melatonin and vitamin E together prevent oxi-
dative stress, inflammatory processes, and
cardio-renal dysfunction, hence reducing drug
toxicity on different body organs [53]. Accord-
ing to the results of Demir K et al. [54], the com-
bination of melatonin, vitamins D, B12, E, and
folic acid increase the fertility rate, that was
referred to higher levels of antioxidants which
may help infertile women to increase concep-
tion.
A study done by Aykutoglu G et al. [55], revealed
that the co-administration of vitamin E and me-
latonin prevented homocysteine-induced
apoptosis more effectively than using vitamin E
or melatonin alone because melatonin with vi-
tamin E reduce the levels of reactive oxygen
species produced by homocysteine and
downregulate the pro-apoptotic proteins. The
antioxidant capacity increased and oxidative
stress was effectively inhibited. Additionally,
melatonin acts by amplifying the benefits of
other antioxidants [56, 57].
It is concluded that, Vitamin E and melatonin
have a great role in the protection the ovarian
structure. Using both vitamin E and melatonin
as an adjuvant therapy with cyclophosphamide
can decrease the harmful effects of cyclophos-
phamide on the ovary. It is more effective than
using vitamin E or melatonin alone.

CONCLUSION
Concomitant use of vitamin E and melatonin with
cyclophosphamide helps to preserve ovary and
restores normal ovarian structure in comparison
to the use of vitamin E or melatonin alone.
Limitations of the study: small sample size.
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