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Introduction:-

The etiology of female infertility can be broken down into ovulation disorders uterine abnormalities, tubal
obstruction, and peritoneal factors, cervical factors are also thought to play a minor role, although they are rarely the
sole caudw [1].

The production of Reactive oxygen species (ROS) is stoped by Vitamin E (Vit.E), which is a fat-soluble antioxidant;
it may prevent or delay the chronic diseases associated with free radicals [2]. There are eight chemical forms of
vitamin E (alpha, beta, gamma, and delta-tocopherol and alpha, beta, gamma, and delta tocotrienol) [2].

In addition to its activities as an antioxidant, vitamin E is involved in immune function and, cell signaling, regulation
of gene expression, and other metabolic processes [2].

The adverse effects from consuming vitamin E in food and the potential adverse effects of high-dose vitamin E
supplements are unclear [3 ,4,5].

Women use vitamin E for preventing complications in late pregnancy due to high blood pressure (pre- eclampsia),
premenstrual syndrome (PMS) [6], painful periods, menopausal syndrome, hot flashes associated with breast cancer

[7]1.

Cells have developed a wide range of antioxidants systems to limit production of ROS, inactivate them and repair
cell damage [8, 9, 10, 11]. ROS influences the entire reproductive span of women's life and even [12] thereafter (i.e.
menopause). It has been suggested that ROS modulate the age-related decline in fertility [12].

The effects of Formaldehyde (FD) on ROS are seen in in-vitro studies or after injection [13]. Most of the
epidemiology, studies examined spontaneous abortion and showed some evidence of increased risk [13]. Recently, it
was found that formaldehyde pass the placenta [14].

Potential mechanisms underlying formaldehyde-induced reproductive and developmentaltoxicities, including
chromosome and DNA damage (genotoxicity), oxidative stress, altered level and/or function of enzymes, hormones
and proteins, apoptosis, toxicogenomic and epigenomic effects (such as DNA methylation) [15].

In animals a-tocopherol (the most active form of vitamin E) is membrane bound which was suggested to have a dual
role where the phenolic nucleusacts as an antioxidant on the surface of the membrane while the side chain stabilizes
the membrane. Thus, the molecular mechanism of vitamin E is mediated by the antioxidant function or its
membrane stabilizing effect [16].

Aim:-
The present study was designed to investigate the protective roles of antioxidants as vitamin E toward formaldehyde
induces damage in female reproductive system.

Materials and methods:-

Materials:

Vitamin E supplement was obtained from genesisvit natural USA; Formaldehyde, NaCl and Eosin Y were
purchased from Red El-De Haen AG Seelze-Hannover - Germany.

Methods:

Female mice (n=50, 25-40 gm) were mated, every five female mice with one male mouse for 6 days for breeding.
On the sixth day female mice were divided into 5 groups: group 1 (control) administered tween 80 (5 ml/kg) for 5
days , group 2 received formaldehyde (30 mg/kg) for 5 days, group 3 received vitamin E (100mg/kg) for 5 days,
group 4 administered formaldehyde and vitamin E (prophylactic) for 5 days, group 5 received formaldehyde for 5
days followed by vitamin E for another 5 days (curative). At the end of 21 days, animals were sacrificed; ovaries
and uterus were removed and fixed in 10% formalin solution for routine histological techniques. Intraperitoneal
administration was adopted in this study.
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Histological study:

At the end of the administration, mice were sacrificed, uterus and ovary of treated mice were removed and then were
fixed in formalin for 24 hours. The specimens were washed twice with 70% alcohol. The fixed tissues were
dehydrated in an ascending series of alcohol ranging from 70% to 100% (absolute). The dehydrated tissues were
cleared in xylene (twice), infiltrated and then were embedded in paraffin wax. The uterus or ovary were sectioned on
a rotary microtome, sections were Sum in thickness. The prepared sections were stained by routine methods using
Hematoxylin-eosin method [17]. The stained sections were examined under the microscope and the different cell
types were carefully studied and photographed. Uterus and ovary sections from each study group were evaluated for
structural changes, blind. Light microscopy (Leica, Germany) was used for the evaluations.

Results:-

Control group

Ovary Control

The control group showed the known histological structure of the ovary; simple cuboidal epithelium covers the
ovary, growing follicles primary, secondary, and corpus luteum in ovarian cortex (Fig.1 a, b).

Uterus Control
The uterus of control mice's showed ; a simple columnar epithelium(Fig. 1 ¢ ,d), smooth muscle layers; inner
longitudinal, middle circular, and outer longitudinal of myometrium (Fig. 1, d).

Formaldehyde Exposure group

Formaldehyde Exposure ovaries:

Sections of the ovary mice injected with FD showed: increase of the thickness of tunica albuginea and increase in
interstitial cells around the growing follicles (Fig. 2 a, b).

The growing follicles increased in number while the primordial follicles were few (Fig. 2 a). Corpora lutea ,atretic
follicles, numerous dilated blood vessels found in interstitial tissue (Fig. 2 c) lysis of the primary oocyte and
acidophilic material filling the cavity of follicular antrum (Fig. 2 d). Pyknosis nuclei shown in surrounding
granulosa cells (Fig. 2 e, f). Normal growing follicle was also seen (Fig. 2, a). Other follicles were undergone atresia
, engorged blood vessels occupying the ovarian stroma with the vacuolation of the interstitial cells (Fig. 2 ).

Formaldehyde Exposure Uterus:

Compared to the uteri of control group, uterus of mice treated with FD characterized by decreased prominence of
endometrial glands, less and few uterine glands. Degeneration of luminal epithelium and decrease in its thickness ,
cellular vacuolar degeneration (Fig.3 a, b).

Most nuclei of glandular and luminal epithelium have heterochromatin. Note congested blood vessel (Fig. 3 b).
Distortion and degeneration of luminal epithelium . Necrosis of the endometrial glands. Stromal mitotic figures
(Fig.3 c, d). Proliferative endometrium with a small focus to the gland, some cells within the gland (abortive cells),
Vaculation of endometrial epithelial cells , endometrial glands showed some damage and sloughing off of the lining
endometrial epithelial cells (Fig. 3, b).

Vitamin E group

Vit. E exposure ovaries:

Sections of the ovary mice injected with Vit. E showed:

Normal appearance of the ovary (Fig. 4 a, b). Increasing number of CL and few primordial follicles (Fig. 4 a, b),
however numerous blood vessels in interstitial tissue among atretic follicles & corpora lutea were observed; there is
an absence of growing follicle or atretic follicle (Fig. 4, b).

Vit. E exposure uterus:

Sections of the uterus mice injected with Vit. E showed: Normal appearance of epithelial and stroma of
endometrium but with marked increase number of uterine glands (Fig. 4 c, d).
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Vit. E (Prophylaxis) exposure ovaries:

The ovaries showed presence of little primordial follicle but increasing of normal growing follicles, some cystic or
atretic follicles were appear, tunica albuginea showed slightly thickness than control group. The corpora lutea were
observed (Fig.5 a, b).

Vit. E (Prophylaxis) exposure uterus:
This group showing pseudostratification and mitosis of glandular epithelium. Several mitotic figures are seen in the
glands with normal lining epithelium of endometrium, the myometrium is intact (Fig. 5 c, d).

Vit. E (Treatment) exposure ovaries:

The ovaries showed presence of normal growing follicles, the tunica albuginea with normal thickness, proliferation
of interstitial cells, and some congested blood vessels in medulla.

The corpora lutea were observed (Fig. 6 a, b).

Vit. E (Treatment) exposure uterus:
This group showing normal appearance of luminal epithelium, thickening of endometrium with marked narrowing
of the lumen. Nearly normal appearance of glandular and its luminal epithelium (Fig. 6 c, d).

Discussion:-

Formaldehyde can react with different macromolecules such as proteins and nucleic acid, or with low molecular
weight substances such as amino acids [18, 19]. Furthermore, Formaldehyde is a highly water soluble compound
which can rapidly diffuse into many tissues [20]. Potential mechanisms underlying formaldehyde-induced
reproductive and developmental toxicities, including chromosome and DNA damage (genotoxicity), oxidative
stress, altered level and/or function of enzymes, hormones and proteins, apoptosis, toxicogenomic and epigenomic
effects (such as DNA methylation) [15].

The physiological functions of the reproductive tract can be affected by Reactive oxygen species (ROS )
[21].Where it produced within the follicle especially during the ovulatory process, an excessive amount of ROS
causes oxidative stress and may damage oocyte and granulosa cells. Accumulating data have shown that ROS
accelerate oocyte aging and deteriorate oocyte quality [22, 23].

The follicles have antioxidant defense systems, such as superoxide dismutase (SOD) or glutathione (GSH). The
balance between ROS and antioxidants within the follicle seems to be critical to the function of oocyte and
granulosa cells [24].

During follicular rupture, the ROS produced. Luteinizing hormone (LH) surge induces dissolution of the basement
membrane between the granulosa and theca interna layers and an expansion of the theca capillaries into the
avascular granulosa cell layer to form a dense network of capillaries [25, 26].

However, excess ROS can also be responsible for oxidative stress; they can damage molecules and structures of
oocyte and granulosa cells within the follicle. ROS must be continuously deactivated to keep only the small amount
necessary to maintain normal cell function. Follicular components, cumulus cells and the follicular fluid may protect
the oocytes from the damaging effects of ROS [27, 28, 29].

ROS induce lipid peroxidation of membranes and DNA damage in the oocyte and are expected to cause harmful
effects in cell division, metabolite transport, and mitochondrial function [30].

The formaldehyde can interact with molecules on cell membranes (e.g., proteins and DNA) and disrupt cellular
functions. High concentrations cause precipitation of proteins, which results in cell death. Once absorbed,
formaldehyde is oxidized to formic acid and Co2, which may cause acid base imbalance and a number of other
systemic defects [31].

The imbalance due to increased ROS or decreased antioxidants causes the oxidative stress, and may lead to an
ovulation, dysfunctional oocytes, fertilization failure, implantation failure, or miscarriage [32].
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Vitamin E is well accepted as nature's most effective lipid-soluble, chain-breaking antioxidant, protecting cell
membranes from free-radical mediated peroxidative damage [33] , when mice were given antioxidant supplements
(vitamins C and E), an increased number of normal MII oocytes and decreased percentage of apoptotic oocytes were
observed in comparison with the control group [34].

Conclusion:-

Based on the finding of this study, it can be concluded that formaldehyde causes toxicity in female reproductive
system. Vitamin E repair and treat FA toxicity. The improvement induced by vitamin E was more significant in
treated group compared with prophylactic group.

C LN

Figurel:- Photomicrographs of control mice ovary and uterus showing;

a. Overview of control ovary showing primordial follicle (P), corpus luteum (CL) (H&E, 250x).

b. A single layer of cuboidal surface epithelium (E), underneath it an aggregates of interstitial cells (IC) are found.
Note the presence of tertiary follicle (GF) , well defined corona radiate (arrow) (H&E, 100x).

c. Normal histological features of endometrium containing lining epithelium of simple columnar (E), uterine
glands (G) in lamina properia (LP) and Myometrium (M) (H&E, 100x).

d. Endometrium contains smooth muscle (Sm) in interstitium and uterine glands (G) (H&E, 400x).

| N

Figure 2:-Photomicrographs of FD treated mice ovaries showing;
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Denoting proliferation of the interstitial cells among growing follicles(IC) (H&E, 100x).

A thickening of Tuica albuginea (TA) (H&E, 100x).

Numerous blood vessels in interstitial tissue (IC) among atretic follicles (AF) (H&E, 400x).

Lysis of the primary oocyte and appearance of acidophilic material filling the cavity of follicular antrum (H&E,
400x).

Pyknosis of nuclei and cytoplasm of granulosa cells (H&E, 400x).

Pyknosis of nuclei and cytoplasm of granulosa cells (H&E, 400x).

g,
D showing;
Endometrium showing decreased prominence of endometrial glands,congested blood vessels (BV) (H&E, 100x)
Vacuolar degeneration in endometrial epithelial cells (arrow), damage of endometrial glands (G), congested
blood vessels (BV) (H&E, 400x).
Sloughing off of the lining endometrial epithelial (Epi.) (H&E, 100x).
Higher magnification of previous figure showing degeneration of glandular epithelium (G) & vacuolar
degeneration in endometrial epithelial cells (Epi.) (H&E, 400x).

..G \~‘ 7 ._‘,.', .. ,Eﬂ oty

Figure 4:-Photomicrographs of mice ovary & uterus treated with Vit.E showing;
A photomicrograph of mice ovary showing corpora lutei (CL) (H&E, 250x).
Normal tunica albuginea (TA), underneath it numerous number of corpus letium (CL) (H&E, 100x).
A photomicrograph of mice uterus showing normal histological features of endometrium containing lining
epithelium of simple columnar (E), massive increase of uterine glands (G) (H&E, 100x).
Higher magnification of previous figure showing many normal uterine glands (G) & normal epithelium (E)
(H&E, 400x).
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Figure 5: Photomlcrographs of mice ovary & uterus treated with FD & Vit.E (prophylaxis) showing;
A photomicrograph of mice ovary (H&E, 250x).
Normal tunica albuginea (TA), underneath it amultilaminar primary follicles (GF) and (SF), and interstitial cells
(IS) in between them. Large corpous letium (CL) (H&E, 100Xx).
c. Normal histological features of endometrium containing lining epithelium of simple columnar (E), normal
appearance of myometrium (M) (H&E, 100x).
Higher magnification of previous figure showing proliferation of glandular epithelium (G) & normal epithelium
(E) (H&E, 400x).

o

e

Figure 6: Photomlcrographs of mlce ovary & uterus treated Wlth FD & then Wlth Vit.E (treatment) showing;

a. Ovary appears nearly normal (H&E, 250x).

b. Presence of primordial follicle (P), secondry folloicle (SF), congested blood vessels (BV) (H&E, 100x).

c. Normal histological features of endometrium with many projections (E), normal appearance of myometrium
(M) (H&E, 100x).

d. Higher magnification of previous figure showing normal uterine gland (G) & normal epithelium (E) (H&E,
400x).
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