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Abstract:

Copper oxide nanoparticles are thought to be an important transition metal oxide due to
their interesting properties. Selenium is an important structural component of numerous
enzymes, including glutathione peroxidase (GPx), thioredoxin reductase, as well as
deiodinases.The present work was undertaken to evaluate the histological and
immunohistochemical alterations in the adult rat ovary after oral administration of CuO-
NPs, and to assess the potential ameliorative impact of selenium. Sixty adult female
albino rats were equally divided in two major groups: group I and group II. Group I was
further divided into three groups: control group IA, group IB: given 2000 mg/kg CuO-
NPs once, group IC: received selenium (0.5 mg/kg), five days before giving one high
dose of 2000 mg/kg CuO-NPs. Thereafter, given selenium for 14 days. group II was
subdivided into three groups: group IIA (control), group IIB: received 300 mg/kg/dayof
CuO-NPs for 28 days, group IIC: received selenium (0.5 mg/kg), five days before
starting concomitant administration of 300 mg/kg CuO-NPs and 0.5 mg/kg selenium for
28 days. Both group IB and group IIB showed signs of follicle and corpora lutea
degeneration and revealed increased numbers of apoptotic bodies and atretic follicles.
Increased reactions for caspase 3 and decreased reactions for BCL2 were also
demonstrated. Apoptosis was greater in group IB. Group IC and group IIC showed
apparent improvement of the histological structure, decreased numbers of apoptotic
bodies (by 34.3% for the acute study and 38% for the chronic study), decreased atretic
follicles (by 37.5% for the acute study and 34.78% for the chronic study), decreased
reactions for caspase 3 and increased reactions for BCL2 as compared to groups IB and
1IB respectively.

Conclusion: Selenium could reduce the damage induced by CuO-NPs in adult rat
ovaries.
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1. Introduction:

Nanomaterial is the material that has one or more external dimensions in the nanoscale. Metal
nanoparticles received great attention because they had many applications in agriculture and the
biomedical field.['!CuO-NPs have been employed in batteries,utilized as catalysts, and were included
in gas sensors as well as high temperature superconductors. Additionally, copper oxide is known for
its effective antibacterial properties. However, several investigations show that CuO-NPs are more
harmful than other accessible metal oxide nanoparticles.?ICopper oxide nanoparticles could be
released to the environment at various points in a product's life cycle such as production,
transportation, usage, and removal. They are discharged into the environment through either
deliberate or accidental means.®! Intentional release involves using CuO-NPs to remediate
contaminated soils and groundwater as an antibacterial agent, as well as using CuO-NPs as an
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adsorbent to eliminate arsenic from drinking water.*/Copper oxide nanoparticles were considered
efficient adsorbent materials because of their small dimensions, large surface area, availability of raw
materials for production and cost-effective manufacturing process.’'Unintentional discharge involves
air, solid waste, and wastewater from production facilities. Copper oxide nanoparticles can migrate
long distances to aquatic systems through wastewater effluents, direct discharges, or accidental
spillages. Furthermore, CuO-NPs can be transported by wind or rainwater runoff, leading to their
redistribution in the environment.!Moreover, the presence of CuO-NPs in food packaging was
previously reported.Nanoparticles (NPs) mainly enter the body by being inhaled, ingested, or
absorbed through the skin and bloodstream. Upon entering the body, they are carried by the
bloodstream to various body organs.®/Previous reports have revealed the harm caused by CuO-NPs in
different organs including brain®), skin!'”, lungs!'!, male reproductive organs!'?!, liver!¥], blood
cells!'¥, and kidneys!">). However, there is lack of studies regarding the histological alterations in
ovarian tissue after exposure to CuO-NPs. Cells of the female reproductive organs were reported to
gather nanoparticles through mechanisms that are not yet fully understood, which increasesreactive
oxygen species (ROS) levels.Their accumulation in the somatic cells of the ovary greatly hindered the
oocyte's developmental ability.”)

Selenium is an important micronutrient that can be found naturally either in organic orinorganic
states. Selenium is involved in multiple biochemical processes that are important to human health.!'!
It is critical building block of numerous enzymes. These enzymes are essential for antioxidation,
reproduction, muscular function, and tumor prevention.!!”)Studies conducted on adult ovaries showed
that selenium might had regulatory effect on maturation of granulosa cells and secretion of 17-
estradiol.l'® Moreover, large healthy follicles showed high levels of selenium and selenoproteins
which might be a strong antioxidant during growth and the proliferation of follicles.!"’

This work was undertaken to investigate histological as well as immunohistochemical alterationsin
adult rat ovaries associated with oral administration of CuO-NPs. The possible ameliorative influence
of selenium, histologically and immunohistochemically, was also assessed.

2. Material and Methods:

Chemicals:

1- Copper oxide nanoparticles were bought from SIGMAcompany(No: 544868).

2- Sodium selenite 99% powder was purchased from SIGMA company (No: 214485).

Experimental animals and protocol

The protocol was given the approval of the IRB, Mansoura university (MDP.20.03.38). Sixty adult
female albino rats, three months old, ranging in weight from 150-200 gm, were utilized in the present
research. The animals were housed individually in cages at a temperature of 20°C,exposed totwelve-
hour cycles of light and darkness. and were provided with unlimited nourishment and hydration.

Animal grouping:

Animals were equally separated into two major groups:

Group I (acute oral toxicity):Rats further evenlyseparated into three groups (10 animals in each
group):

Group IA (control for acute oral toxicity): The animals were divided into two equal subgroups (each
including 5 rats):

Group IA (1): received distilled water five days before starting the experiment,that was continueddaily
through the experiment for fourteen days.

Group IA (2): given only selenium, at a concentration of 0.5 mg/kg, five days before starting the
experiment,that was continued daily through the experiment for fourteen days.

The dosing of selenium (0.5 mg/kg) was done by dissolving sodium selenite powder in distilled
water.?2! The calculated doses were individually prepared before the administration for each rat.
Group IB (acute CuO-NPs group): rats received one high dose of CuO-NPs at a concentration of
2000 mg/kg orally by gavage and were observed for fourteen days.
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The administration of nanoparticles was conducted by suspending them in distilled water. The doses
were prepared individually for each rat before being administered. The acute dose suspensions were
created at a dosage of 200 mg/mlof distilled water. The rats received the suspensions orally through
gavage in a volume of 1 ml per 100 grams of body weight (i.e., the acute dose; 2000 mg/kg).!*

Group IC (acute CuO-NPs + selenium): rats were given selenium via oral gavage (0.5 mg/kg), five
days before administering one high oral dose of 2000 mg/kg CuO-NPs. Thereafter, selenium was
administeredevery day for fourteen days.

Group II (chronic oral toxicity):

Animalsfurther evenly separated into three groups (10 animals in each group):

Group ITA (control for chronic toxicity): Animals were divided into two equal subgroups (each
including 5 rats):

Group IIA (1): received distilled water five days before starting the experiment,that was continued
daily through the experiment for twenty-eight days.

Group IIA (2): given only selenium, at a concentration of 0.5 mg/kg, five days before starting the
experiment,that was continued daily through the experiment for twenty-eight days.

Group IIB (chronic CuO-NPs group): rats were given 300 mg/kg of CuO-NPs orally through gavage
every day for twenty-eight days.

The concentration of the chronic dose suspensions was 30 mg/mlof distilled water. The suspensions
were given orally through gavage in a volume of 1 ml per 100 grams of body weight (i.e., the chronic
dose; 300 mg/kg).1?

Group IIC (chronic CuO-NPs + selenium): rats were given selenium via oral gavage, in a dose of
0.5 mg/kg, five days before starting the experiment. Then, concomitant administration of CuO-NPs
(300 mg/kg) and selenium (0.5 mg/kg), daily, orally, for twenty-eight days.

Obtaining the specimens

When the observation periodsended (after a 14-day acute study and a 28-day chronic study), the
animals were prepared for obtaining the samples. Vaginal smears were obtained and examined daily
for the next 4 consecutive days. Animals were sacrificed only in the preovulatory day (proestrus
phase). This phase was demonstrated by predominance of nucleated epithelial cells, that were present
either individually or in clumps, and presence of few non nucleated cornified epithelial cells (Fig.1).
The ovaries were immediately put in a 10% formalin buffer, and subsequently prepared for paraffin
sectioning for examination under the light microscope.

Method of vaginal lavage:

A little quantity of distilled water was introduced into the vaginal canal by a non-invasive method
using a sterile latex bulb. The latex bulb containing 100pul of distilled water was put at the beginning
of the vagina, gently squeezed, and distilled water was pushed into the vaginal canal. The pressure
gradually decreased, causing the water to be sucked back into the tip. The process was carried out 4-5
times before the liquid was put onto a glass slide, left to dry in air, stained with crystal violet, then
inspected using the light microscope.?)

0.1% crystal violet stain was made by mixing 100 ml of distilled water with 0.1gm of crystal violet
powder. The dry slides were immersed in a jar with crystal violet stain for one minute. Then, the
slides were removed to a second jar containing distilled water. Distilled water was used to rinse the
slidesfor 60 seconds. The steps were repeated.**

Preparation of tissue samples
Light Microscopic Study

Specimens from the ovaries were kept in a 10% neutral formalin buffer and treated according to the
regular protocol to produce paraffin blocks. Serial sections measuring five micrometers in thickness
were sliced and stained by H&Efor conventional histopathological evaluation.*]
Methodology of immunohistochemical staining of caspase 3 and BCL2:

Some sections underwent immunohistochemical staining to demonstrate caspase 3 and BCL2
immunoreactions (markers for apoptosis).l2®!
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The deparaffinized paraffin sections (5 micrometers) were used on coated slides for
immunohistochemical analysis to locate caspase 3 and BCL2 through use of ABCimmune-peroxidase
method.
The slides were:
= left in H,O» for ten minutes to inhibit the natural peroxidase.
= rinsed in PBSfor another ten minutes.
= Immersed in citrate buffer with a pH of 6, then heated in a microwave at 100°C for ten minutes to
uncover antigenic peptides (Antigen retrieval).
* Incubated with primary antibodies of caspase 3 (1:1000 dilution)?”, and BCL2 (1:100)2®
overnight at 4°C.
¢ Anti-caspase 3 was a rabbit polycolonal antibody, IgG; (catalogue No: ab4051, Abcam,
UK).
< Anti-BCL2 was a rabbitpolycolonal antibody, IgG (catalogue No: ab59348, Abcam, UK).
= The primary antibodies were detected by adding two droplets of secondary antibody labeled with
biotin.
+ Secondary antibody was anti-rabbit labeled with biotin (1:200, PK-4001; Chinese Fir
Golden Bridge Company)
= Next, the slides were kept at room temperature for ten minutes in a solution of 1/200
concentration of bovine serum albumin dissolved in phosphate buffered saline to avoid any non-
specific background staining.
» Incubating with DAB (Diaminobenzidine) substrate chromogen for five to ten minutes produced a
brown precipitate being formed at the reaction site.
* Counterstaining usingMayer's Hematoxylin was done.*!
Procedures for ensuring the quality of immunostaining techniques:
Tissue sections containing samples from positive tissue controls (tonsil for caspase 3% and lymph
node for BCL2E") were used to assess the effectiveness of the reagents(Figs. 2A & B).
Sections from the control ovaries without primary antibodies were added to tissue sections as well.
Evaluating the background staining is crucial by examining these negative control sections. The lack
of cross reactivity with primary antibodies is confirmed by the absence of specific staining in these
slides(Fig. 2C).
Morphometric study and statistical analysis
= The number of apoptotic bodies / HPF (high-powered field x 400) and the number of atretic
follicles / IPF (intermediate-powered field x 100) were counted in H & E sections. The positive
caspase 3 and BCL2 reactions were quantified as a percentage per high-powered field (x 400). Six
slides were analyzed for each animal in the study. Morphometric data for apoptotic bodies,
caspase 3 and BCL2 was estimated by randomly selecting ten non-overlapping HPF (x 400).
Morphometric data for atretic follicles was estimated by randomly selecting five non-overlapping
IPF (x 100). The images obtained were assessed using video test morphology® software on a
computer with Intel® Core I3® processor (Russia).
= The morphometric information was input, organized, and assessed with the software SPSS
version 26.0to generate the mean and SD.
=  ANOVA was employed to make comparisons between numerical data from multiple groups.
*  Further comparisons were obtained by applying post-hoc Tukey test.[3?!
= P value fewer than 0.05 was used as an indicator of a statistically significant result.
3. Results:
H&E Stain:
Control groups showed the same structure. Group IA (1) was used to represent all control groups.
Sections of group IA (1) showed primordial follicles under the capsule of the ovary. Each primordial
follicle consisted of an oocyte with a surrounding layer of flat follicular cells. Each multilaminar
primary follicle consisted of an oocyte with surrounding multiple layers of cubical follicular cells.
Each secondary follicle consisted of an oocyte that wasencircled by zona pellucida and several layers
of granulosa cells that were separated by an irregular cavity containing follicular fluid. The Graafian
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follicle consisted of an oocyte that was encircled by zona pellucida and corona radiata. A fluid filled
large follicular (antral) cavity separated the oocyte and its surroundings from multiple layers of
granulosa cells. Granulosa and theca interna cells were separated by a basement membrane. Theca
externa was seen outer to theca interna. Few apoptotic bodies were detected between the granulosa
cells of mature follicles. The interstitial cells showed rounded nuclei and pale acidophilic cytoplasm
(Fig.3 A& B). The corpus luteum was surrounded by a capsule of dense fibrous connective tissue. It
was formed of granulosa lutein cells, which had rounded nuclei with prominent nucleoli, and theca
lutein cells, which had smaller and darker nuclei. It also exhibited blood capillaries (Fig.3 C).

Group IB (acute CuO-NPs group) showed that some primordial follicles had degenerated oocytes,
while some secondary follicles had vacuolated and degenerated oocytes and showed numerous
apoptotic bodies between granulosa cells. The granulosa cell layers, and the antral cavity of mature
follicles showed an apparent increase in apoptotic bodies in comparison with the control and the
presence of spaces and necrotic debris. Some granulosa cells had elongated deeply stained nuclei
(Fig.4 A& B). Some of the luteal cells had multiple intracytoplasmic vacuoles and pyknotic nuclei.
Numerous apoptotic bodies and regular spaces were detected between luteal cells(Fig.4 C).

Group IC (acute CuO-NPs + selenium) showedno apparent degenerative changes in primordial and
primary follicles. Vacuolations were detected within granulosa cells of some secondary follicles with
fewer number of apoptotic bodies as compared to group IB. Some Graafian follicles showed oocytes
with deep acidophilic vacuolated cytoplasm and separation of zona pellucida. Few apoptotic bodies
were detected between granulosa cells, but there was no apparent spacing between the cells and no
apparent necrotic debris (Fig.4 D& E). Corpora lutea exhibited fewer number of apoptotic bodies and
fewer cells with intracytoplasmic vacuoles as compared to group IB (Fig.4 F).

Group IIB (chronic CuO-NPs group) showed that some primordial follicles were degenerated. The
oocytes of some secondary follicles were irregular in shape and exhibited large vacuoles with
separation of zona pellucida from the corona radiata. Numerous apoptotic bodies and cells with small,
pyknotic nuclei were detected between granulosa cells. The oocytes of some Graafian follicles
showed irregular nuclei and numerous small vacuoles in the cytoplasm. Features of apoptosis were
detected in corona radiata, and many apoptotic bodies were seen in the cumulus oophorus and around
the antral cavity. Spacing between granulosa cells was also detected (Fig.5 A& B). Corpora lutea
were richly vascularized. Some granulosa lutein cells were necrotic and had degenerated nuclei.
Apoptotic bodies were detected between luteal cells (Fig.5 C).

Group IIC (chronic CuO-NPs + selenium) showed thatprimordial and primary follicles had normal
structures. Few apoptotic bodies were detected between granulosa cells of some secondary follicles.
Separation of the zona pellucida from the oocyte, little spaces and fewer apoptotic bodies were
detected between granulosa cells of some Graafian follicles of this group as compared to group 1IB
(Fig.5 D& E). Corpora lutea showed a normal structure (Fig.5 F).

Immune staining with anti-caspase 3:

Anti-caspase 3 stained control sections showed positive, brown-colored nuclear and cytoplasmic
reactionsin a few number of granulosa, interstitial, and luteal cells (Fig.6 A& B).

Group IB (acute CuO-NPs group)showed a relatively more intense positive immunoreaction for
caspase 3 in nuclei and cytoplasm of granulosa and luteal cells as compared to control (Fig.6 C& D).
Group IC (acute CuO-NPs + selenium) showed a relatively less intense positive immunoreaction
for caspase 3 in cytoplasm of granulosa and luteal cells as compared to group IB (Fig.6 E& F).
Group IIB (chronic CuO-NPs group) showed positive immunoreaction for caspase 3 in nuclei and
cytoplasm of granulosa and luteal cells which was relatively more intense as compared to control
group and relatively less intense as compared to group IB (Fig.7 A& B).

Group IIC (chronic CuO-NPs + selenium) showed positive immunoreaction for caspase 3 in nuclei
and cytoplasm of granulosa, interstitial and luteal cells which was relatively less intense as compared
to group 1IB (Fig.7 C& D).

Immune staining with anti-BCL.2:

Anti-BCL?2 stained control sections showed brown positive reaction in the cytoplasm of granulosa,
interstitial, and luteal cells (Fig.8 A& B).
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Group IB (acute CuO-NPs group) showed less intense positive immunoreaction for BCL2 in
granulosa and luteal cells’cytoplasm as compared to control. The interstitial cells showed a negative
staining reaction (Fig.8 C& D).
Group IC (acute CuO-NPs + selenium) showed positive immunoreaction for BCL2 in granulosa
and luteal cells’ cytoplasm which was relatively more intense as compared to groupIB. The cytoplasm
of interstitial cells also showed positive immunoreaction (Fig.8 E& F).
Group IIB (chronic CuO-NPs group) showed negative immunoreaction for BCL2 in granulosa,
interstitial and luteal cells’ cytoplasm (Fig.9 A& B).

As compared to the negative reaction in Chronic CuO-NPs group, group IIC (chronic CuO-NPs +
selenium) showed positive immunoreaction for BCL2 in granulosa, interstitial and luteal cells’
cytoplasm(Fig.9 C& D).

Figure (1):Cytological assessment of vaginal smears during proestrus phase. A: shows predominance

of nucleated epithelial cells, that are present either individually (arrows) or in clumps (zigzag arrows).

A few non nucleated cornified epithelial cells are also seen (arrowheads). B: A higher magnification of

the nucleated epithelial cells (arrows) and the non-nucleated cornified epithelial cells (arrowhead) of a
vaginal smear.

(Crystal violet stain: A x 100, B x 400)

Figure (2): positive and negative tissue controls for immune stains. A: A photomicrograph of a
paraffin section in the human tonsil. It shows brown positive immune reaction (arrows) in lymphocyte
cytoplasm and is used as positive control for caspase 3. B: A section in rat’ lymph node. It shows
brown positive immune reaction (arrows) and is used as positive control for Bcl-2. Inset: A higher
magnification showing brown positive cytoplasmic immune reaction (arrow) for Bcl-2 in small non
activated lymphocytes of the mantle zone. C: A section in control ovary after omitting the primary
antibody (negative control) showing absence of the brown immune reaction.
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Figure (3): sections in control ovaries. A: shows a multilaminar primary follicle formed of an oocyte
(O) with an open face nucleus (N) that is surrounded by multiple layers of cubical follicular cells
(thick arrows). Primordial follicles (arrows) are seen under the ovarian surface. Each primordial
follicle consists of an oocyte with a surrounding stratum of flat follicular cells. The interstitial cells
(tailed arrows) show rounded nuclei and pale acidophilic cytoplasm. B: shows a secondary follicle
(SF) and a Graafian follicle (GF). The secondary follicle consists of an oocyte (O1) that is encircled
by zona pellucida (white arrowhead) and several layers of granulosa cells (white thick arrows).
Between the granulosa cells, there is a small irregular cavity containing follicular fluid (white zigzag
arrow). The Graafian follicle consists of an oocyte (O2) that is encircled by zona pellucida (black
arrowhead) and corona radiata (black arrow). A single large antral cavity (AC) separates the oocyte
and its surroundings from multiple layers of granulosa cells (black thick arrows). A basement
membrane (curved arrow) separates granulosa cells from the theca interna (white arrow). Theca
externa (crossed arrow) lies outer to theca interna. Few apoptotic bodies are noticed (black zigzag
arrows). C: showsa part of a corpus luteum which is surrounded by a capsule of dense fibrous
connective tissue (arrows). Granulosa lutein cells (crossed arrows) have rounded nuclei with
prominent nucleoli. Theca lutein cells (thick arrows) have smaller and darker nuclei. Blood capillaries
(arrowheads) are noticed.

(H&E x 400)
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Figure (4): (A, B, C)sections from group IB.A: showssome primordial follicles with degenerated
oocytes (thick arrows). A secondary follicle has a vacuolated and degenerated oocyte (crossed arrow)
and shows numerous apoptotic bodies (arrowheads) between the granulosa cells. B:showssome
granulosa cells with elongated deeply stained nuclei (thick arrows). Multiple spaces (tailed arrows)
are seen between the granulosa cells. Apoptotic bodies (white arrowheads) and necrotic debris (black
arrowheads) are noticed. C:shows that some luteal cells have multiple intracytoplasmic vacuoles with
pyknotic nuclei (thick arrows). Many apoptotic bodies (arrowheads) and regular spaces (crossed
arrows) are demonstrated between luteal cells.(D, E, F)sections from group IC. D:
showsthatgranulosa cells of the secondary (SF) and mature follicle (F) have fewer number of
apoptotic bodies (arrowheads) as compared to (A) and (B). Vacuolations (arrows) appear in granulosa
cells of the secondary follicle. E: shows the oocyte of a mature follicle having a deep acidophilic
cytoplasm (O) that contains vacuoles (arrows). The zona pellucida appears separated from the oocyte
(zigzag arrow). Few apoptotic bodies (arrowheads) are demonstrated. F: shows fewer apoptotic
bodies (arrowheads) and fewer granulosa lutein cells with intracytoplasmic vacuoles (zigzag arrow) as
compared to (B).

(H&E x 400)
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Figure (5): (A, B, C)sections from group IIB. A: shows a secondary follicle. The oocyte (O)
appears irregular in shape and contains large vacuoles (crossed arrows). The zona pellucida is
separated from the corona radiata by an irregular space (arrow). Granulosa cells show small and
pyknotic nuclei (black thick arrows). Numerous apoptotic bodies (arrowheads) are demonstrated. A
degenerated primordial follicle (white thick arrow) is noticed. B: showsa Graafian follicle. The oocyte
shows an irregular nucleus (crossed arrow). Its cytoplasm contains numerous small vacuoles (arrows).
Some cells of the corona radiata show features of apoptosis (black arrowheads). Many apoptotic
bodies (white arrowheads) are noticed. Spacing between the cells of cumulus oophorus can also be
noticed (zigzag arrows). C: showsthatsome granulosa lutein cells appear necrotic and show damaged
nuclei (zigzag arrows). Apoptotic bodies (black arrowheads) are demonstrated. numerous blood
capillaries (white arrowheads) are noticed. (D, E, F)sections from group IIC.D: shows normal
primordial (white arrow), multilaminar primary (PF) and secondary (SF) follicles. Few apoptotic
bodies (black arrows) are noticedbetween granulosa cells of the secondary follicle.E: shows a part of
a Graafian follicle. Zona pellucida is separated from the oocyte (crossed arrow). As compared to (B),
little spaces (zigzag arrows) and fewer apoptotic bodies (arrowheads) between granulosa cells are
noticed. F: showsnormal granulosa lutein (crossed arrows) and theca lutein (thick arrows) cells.
(H&E x 400)
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Figure (6): (A, B): sections from the control group. A: shows positive nuclear (arrowheads) and
cytoplasmic (crossed arrows) immune reactions in a few number of granulosa cells. Nuclei (tailed
arrows) and cytoplasm (thick arrows) of interstitial cells also show positive reactions. B: shows
positive nuclear (zigzag arrows) and cytoplasmic (arrows) immune reactions in a few number of luteal
cells. (C, D): sections from group IB. C: shows a relatively more intense positive nuclear
(arrowheads) and cytoplasmic (crossed arrows) immune reactions in granulosa cells as compared to
(A). D: shows a relatively more intense positive nuclear (arrowheads) and cytoplasmic (crossed
arrows) immune reactions in luteal cells as compared to (B). (E, F): sections from group IC. E:
shows a relatively less intense positive cytoplasmic (crossed arrows) immune reaction in granulosa
cells as compared to (C). F: showsa relatively less intense positive cytoplasmic (arrows) immune
reaction in luteal cells as compared to (D).

(IHC for caspase 3 x400)
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Figure (7): (A, B):sections from group IIB. A: showspositive nuclear (arrowheads) and cytoplasmic

(crossed arrows) immune reactions in granulosa cells which are relatively more intense than control

(Fig. 5A) and relatively less intense than group IB (Fig. 5C). B: shows positive nuclear (zigzag arrows)
and cytoplasmic (arrows) immune reactions in luteal cells which are relatively more intense than

control (Fig. 5B) and relatively less intense thangroup IB (Fig. 5D). (C, D): sections from group IIC.

C: showspositive nuclear (arrowheads) and cytoplasmic (crossed arrows) immune reactions in

granulosa cells which are relatively less intense as compared to (A). The cytoplasm of interstitial cells

(thick arrows) also shows a positive immune reaction. D: shows positive cytoplasmic (arrows)

immune reaction in luteal cells which is relatively less intense as compared to (B).

(IHC for caspase 3 x400)
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Figure (8): (A, B): sections from control ovaries. A: shows positive cytoplasmic immune reaction in
granulosa cells (crossed arrows) and interstitial cells (thick arrows). B: showspositive cytoplasmic
(arrows) immune reaction in luteal cells. (C, D): sections from group IB. C: shows a relatively less
intense positive cytoplasmic (crossed arrows) immune reaction in granulosa cells as compared to (A).
The interstitial cells (thick arrows) show negative immune reaction. D: shows a relatively less intense
positive cytoplasmic (arrows) immune reaction in luteal cells as compared to (B). (E, F): sections
from group IC. E: shows a relatively more intense positive cytoplasmic (crossed arrows) immune
reaction in granulosa cells as compared to (C). A positive cytoplasmic (thick arrows) immune reaction
is also detected in the interstitial cells. F: shows positive cytoplasmic (arrows) immune reaction in
luteal cells which is relatively more intense as compared to (D).

(IHC for BCL2 x400)
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Figure (9): (A, B): sections from group IIB. A: showsnegative immune reaction for BCL2 in
granulosa cells, and in the interstitial cells. B: showsnegative immune reaction for BCL2 in luteal
cells. (C, D): sections from group IIC. C: showspositive cytoplasmic immune reaction in granulosa
cells (crossed arrow) and in interstitial cells (thick arrows). D: showspositive cytoplasmic (arrows)
immune reaction in luteal cells.

(IHC for BCL2 x400)

Statistical analysis of morphometric results

Apoptotic bodies’ count /HPF (high powered field):

Apoptotic bodies’ count/HPF showed a significantrise (P= <.001) in group IB (67.9£12.28) when
compared to group [A (14.7+ 3.2), while it was significantly decreased (P=<.001) in group IC (44.6 =
9.14) when compared to group IB. So, selenium treatment in the acute study reduced the number of
apoptotic bodies by approximately 34.3 %. Moreover, apoptotic bodies’ count /HPF showed a
significant rise(P= <.001) in group IIB (53.1 £+ 8.5) when compared to group 1A (14.4+ 3.57) and it
showed a significant decrease (P= 0.003) when compared to group IB.Apoptotic bodies’ count /HPF
was also significantly decreased (P=<.001) in group IIC (32.9 + 6.84) when compared to group IIB.
So, combination of selenium withCuO-NPs in the chronic study reduced the number of apoptotic
bodies by approximately 38 % (Table 1).

The number of atretic follicles/IPF (intermediate power field):

Atretic follicles’ count /IPF showed a significant rise (P= <.001) in group IB (2.4 = 0.52) when
compared to group [A (1.2+ 0.42), while it was significantly decreased (P= 0.006) in group IC (1.5 +
0.53) when compared to group IB. So, selenium treatment in the acute study reduced the number of
atretic follicles by approximately 37.5 %. Moreover, atretic follicles’ count /IPF showed a significant
rise (P= <.001) in group IIB (2.3+ 0.82) when compared to group IIA (1.1+ 0.32) and it was non-
significantly changed (P= 1) when compared to group IB.Atretic follicles’ count /IPF also showed a
significant decrease (P=0.21) in group IIC (1.5 + 0.53) when compared to group IIB. So, combination
of selenium withCuO-NPs in the chronic study reduced the number of atretic follicles by
approximately 34.78 %(Table 2).
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Caspase-3 percentage area:

Group IB showed a significant increase (P= <.001) in caspase-3 percentage area (60.57+ 10.26)
when compared to group IA (12.37+ 1.6).Caspase-3 percentage area was significantly decreased (P=
<.001) in group IC (27.31+ 7.81) as compared to group IB. Moreover, caspase-3 percentage area was
significantly increased (P= <.001) in group IIB (36.62+ 9.05) when compared to group IIA (12.34+
3.6) and it was Significantly lower (P=0.023) when compared to group IB.Caspase-3 percentage area
was also significantly decreased (P= <.001) in group IIC (25.54+ 5.79) when compared to group IIB
(Table 3).

BCL2 percentage area:

BCL2 percentage area was significantly decreased (P= <.001) in group IB (11.22+ 3.56) when
compared to group IA (50.3+ 4.78), while it was significantly increased (P= <.001) in group IC
(33.22+ 3.62) when compared to group IB. Moreover, BCL2 percentage area was significantly
decreased (P= <.001) in group IIB (15.26+ 2.18) when compared to group IIA (51.79+ 5.39)and it
was non-significantly increased (P= 0.433) when compared to group IB.BCL2 percentage area was
also significantly increased (P= <.001) in group IIC (38.63+ 5.08) when compared to group IIB
(Table 4).

Table (1): The number of apoptotic bodies (mean + SD) in control and experimental groups:
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Group IA | Group Group IB | Group IC Group IIB | Group IIC
(Control A (Acute (Acute (Chronic | (Chronic
for acute | (Control | CuO- CuO-NPs CuO-NPs) | CuO-NPs ANOVA
toxicity) for NPs) +Selenium) +Selenium) | P Value
chronic (n=10)
(n=10) toxicity) | (n=10) (n=10) (n=10)
(n=10)
NAB/ | Mean | 14.7+ 3.2 14.4+ 67.9+ 44.6 £9.14 | 53.1+8.5 |32.9+6.84
HPF | £SD 3.57 12.28
P1 1 <.001* <.001* <.001* <.001* <.001*
P2 <.001* <.001* <.001* <.001*
P3 <.001* 0.001* <.001*
P4 0.175 0.02*
P5 <.001*
SD: standard deviation. P: Probability. *: significance <0.05
Test used: One way ANOVA test followed by post-hoc Tukey.
P1: Significance relative to group IA (Control for acute toxicity).
P2: Significance relative to group IIA (Control for chronic toxicity).
P3: Significance relative to group IB (Acute cuo-nps).
P4: Significance relative to group IC (Acute cuo-nps + selenium).
PS: Significance relative to group IIB (Chronic cuo-nps).
NAB/HPF: number of apoptotic bodies/ high powered field.
Table (2): The number of atretic follicles (mean £ SD) in control and experimental groups:
Group IA | Group IIA | Group IB | Group IC Group IIB | Group IIC
(Control (Control (Acute (Acute (Chronic (Chronic
for acute | for CuO- CuO-NPs CuO-NPs) | CuO-NPs ANOVA
toxicity) chronic NPs) +Selenium) | (n=10) +Selenium) | P Value
toxicity) (n=10)
(n=10) (n=10) (n=10) (n=10)
NAF/ | Mean | 1.2+ 0.42 1.1+ 0.32 2.4+052 | 1.5+£0.53 2.3+ 0.82 1.5+ 0.53
IPF +SD
111
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P1 0.998 <.001* 0.819 <.001* 0.819
P2 <.001* 0.574 <.001* 0.574 <.001*
P3 0.006* 0.998 0.006*
P4 0.021* 1
P5 0.021*
SD: standard deviation. P: Probability. *: significance <0.05
Test used: One way ANOVA test followed by post-hoc tukey.
P1: Significance relative to group IA (Control for acute toxicity).
P2: Significance relative to group IIA (Control for chronic toxicity).
P3: Significance relative to group IB (Acute CuO-NPs).
P4: Significance relative to group IC (Acute CuO-NPs + selenium).
P5: Significance relative to group IIB (Chronic CuO-NPs).
NAF/IPF: number of atretic follicles/ intermediate powered field.
Table (3): Percentage area of positive Caspase 3 immune reaction (mean + SD):
Group IA | Group Group Group IC | Group Group IIC
(Control 1IA IB (Acute 11B (Chronic
for acute | (Control (Acute CuO-NPs (Chronic | CuO-NPs ANOVA
toxicity) for CuO- +Selenium) | CuO-NPs) | +Selenium) | P Value
chronic NPs)
(n=10) toxicity) (n=10) (n=10) (n=10)
(n=10) (n=10)
CPA | Mean | 12.37+1.6 | 12.34£3.6 | 60.57+ 27.31+ 7.81 | 36.62+ 25.54+5.79
(%) | +SD 10.26 9.05
P1 1 <.001* <.001* <.001* 0.001*
P2 <.001* <.001* <.001* 0.001* <.001*
P3 <.001* <.001* <.001*
P4 0.05* 0.993
P5 0.011*
SD: standard deviation. P: Probability. *: significance <0.05
Test used: One way ANOVA test followed by post-hoc tukey.
P1: Significance relative to group IA (Control for acute toxicity).
P2: Significance relative to group IIA (Control for chronic toxicity).
P3: Significance relative to group IB (Acute CuO-NPs).
P4: Significance relative to group IC (Acute CuO-NPs + selenium).
PS: Significance relative to group IIB (Chronic CuO-NPs).
CPA: Caspase 3 percentage area.
Table (4): percentage area of positive BCL2 immune reaction (mean + SD):
Group IA | Group Group | Group IC Group IIB | Group IIC
(Control | ITA IB (Acute CuO- | (Chronic | (Chronic
for acute | (Control (Acute | NPs CuO-NPs) | CuO-NPs ANOVA
toxicity) for CuO- +Selenium) +Selenium) P Value
chronic NPs) (n=10)
(n=10) toxicity) (n=10) (n=10)
(n=10) (n=10)
BCL2 | Mean | 50.3+4.78 | 51.79+ 11.22+ | 33.22+ 3.62 15.26+ 38.63+5.08
(%) +SD 5.39 3.56 2.18
P1 0.969 <.001* | <.001* <.001* 0.001*
P2 <.001* | <.001* <.001* 0.001* <.001*
P3 <.001* 0.287 <.001*
P4 <.001* 0.065
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[P5 | | | | | | <.001*

SD: standard deviation. P: Probability. *: significance <0.05
Test used: One way ANOVA test followed by post-hoc tukey.

P1: Significance relative to group IA (Control for acute toxicity).
P2: Significance relative to group IIA (Control for chronic toxicity).
P3: Significance relative to group IB (Acute CuO-NPs).

P4: Significance relative to group IC (Acute CuO-NPs + selenium).
P5: Significance relative to group IIB (Chronic CuO-NPs).

4. Discussion

CuO-NPswere one of the initial nanoparticles produced. because of their unique features and
important uses in different fields such as thermal and electricaldevices as well as
cosmetics.**'However, copper oxide nanoparticles were found to be the most powerful
regarding cytotoxicity, DNA damage, and oxidative stress compared to other metal oxide particles,
suggesting that exposure to them through occupation or consumer products could be harmful to
health.*

Selenium is a vital mineral that is required for regulating balance within the bodies of animals and
humans. Selenium has a high antagonizing effect against oxidative stress and inflammation, besides
its antibacterial properties.

In the current work, we examined the negative impacts of orally administeredCuO-NPs onthe ovaries
of adult rats using histological and immunohistochemical findings as criteria. We also assessed the
possibility of protection by selenium against the negative consequences of CuO-NPs on the ovary.

As food and water may contain nanoparticles, the choice was made to use the oral route for
administration of CuO-NPs, because they could be consumed intentionally or accidentally.!””) The
dose of copper oxide nanoparticles that is fatal in Albino mice was reported to be 550 mg/kg body
weight injected via venous route.*®! Moreover, Elkhateeb et al*”'mentioned that the CuO-NPs lethal
dose exceeded 2500 mg/kg based on the MSDS from Sigma-Aldrich.Previously, Ouni et all*®*lgave
rats CuO-NPs orally at levels of 250 and 500 mg/kg for two weeks to assess subacute toxicity and
impacts on cognitive abilities.Bugata et al®?! also investigated impacts of orally introduced copper
oxide nanoparticles on female rats by giving one high dose “2000 mg/kg” and several lower doses “30,
300, and 1000 mg/kg’daily for four weeks to assess biochemical changes and oxidative stress
markersin“liver, kidney, and brain”.

H&E-stained sections of CuO-NPs treated groups of this study (group IB and group 1IB) revealed
some degenerated primordial follicles’ oocytes and several degenerative changes in the oocytes of
secondary and Graafian follicles. It was reported that CuO-NPs at concentrations exceedingone pg/ml
showed toxicity to the ovumand had deleterious effects on embryo development due to DNA damage.
Oocytes developedin presence ofoneug/ml or less ofcopper oxide-NPs had reduced injury in
comparison to others developedin absence ofCuO-NPs. However, as the level of copper oxide-NPs
wasincreasedabove one pg/ml, the level of DNA damage also increased, indicating that toxicity was
triggered by higher CuO-NPs concentrations during oocyte maturation in vitro.**Reports indicate that
CuO-NPs either pass via a nuclear pore or cause physical injury to the nuclear membrane to interact
with DNA within the nucleus. Binding of CuO to nuclear DNA activates two signaling pathways:
MAPK and NF-kB. These pathways initiate inflammatory reactions and have been linked to cell
death."*"Toxicity to oocytes has been observed with other metal oxide nanoparticles. In a previous
study for the impact of nanoparticles of zinc oxide (ZnO NP) on cultured mouse oocytes, the findings
indicated that ZnO nanoparticles resulted in meiotic abnormalities and death of mouse oocyte. They
showed an adverse effect on oocyte development and survival in a manner that varied based on
dosage and duration. Moreover, ZnO NP was found to enhance apoptosis and autophagy in the
oocytes through the observed rise in caspase 3/7 activity.!*!!

On the contrary, group IC (acute CuO-NPs + selenium) revealed that most oocytes had a normal
structure. However, some Graafian follicles showed oocytes with vacuolated cytoplasm. It was
reported that selenium supplementation could potentially enhance follicle quality in polycystic ovary
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syndrome patients with poor quality follicles caused by oxidative stress.[*?l Moreover, selenium
supplementation enhanced yak oocyte maturation during in vitro maturation which was attributed to
decreasing DNA damage and increasing total glutathione peroxidase activity in oocytes.[**! Selenium
was reported to have a modulatory effect on the activation of MAPK signaling pathway caused by
BPA through reducing expression of ERK, JNK and p38.144

Luteal cells of the acute toxicity rats (group IB) exhibited multiple intracytoplasmic vacuoles and
pyknotic nuclei, while chronic toxicityrats(group IIB) showed larger spherical vacuoles in the
cytoplasm of some luteal cells. Widely spaced large vacuoles in luteal cell, were described by
Amelkina et al*! in domestic cats to depict autophagic vacuoles as a part of the processes involved in
luteolysis. Signs of degeneration in corpus luteum were reported by Fatahian-Dehkordi, et al*¢! in
mice treated with CuO-NPs. They stated that vacuolation in luteal cells may happen because of the
inhibition of steroid production, resulting in the buildup of lipids in the cells. However, luteal cell
vacuolation is commonly detected during the proestrus stage as part of corpus luteum degradation.!*”)

The H&E-stained control sections of the ovary in the current study revealed few apoptotic bodies

between the granulosa cells. In addition, immunohistochemical stained control sections showed
positive immunoreaction for caspase 3 in the nuclei and cytoplasm of a few numbers of granulosa
cells, interstitial cells, and luteal cells. In accordance with these findings, Li and Liu*® reported that
caspase-3 immunoreactivity was relatively abundant in ovarian tissues of control female Sprague-
Dawley rats, especially in granulosa cells. Caspase-3 was found in both the nucleus and cytoplasm.
Moreover, BCL2 was predominantly cytoplasmic in granulosa cells.
The regulation of apoptosis is primarily carried out by proteins belonging to BCL2 and caspase
families. BCL2 is a protein that prevents cell death by stopping mitochondrial liberation of
cytochrome ¢ or by combining with factors that activate apoptosis. A proper apoptotic pathway relies
on equilibrium between BCL2 and Bax proteins.!*!

The pro-apoptotic caspase family, which includes caspases 9, 8 and 3, is essential in the process of
apoptosis. Caspase-9 is an intrinsic pathway mediator that can be triggered bylack of oxygen
andexcess ROS. Caspase-8 is vital in the apoptotic pathway triggered by death receptors. Caspase-3
plays a role in cutting crucial cellular proteins, leading to the usual structural apoptosis-related
changes observed in cells. Caspase-9 and caspase-8 activation stimulates caspase-3 production, which
ultimately results in cell death.%

Numerous apoptotic bodies were detected in granulosa cell layers of secondary and mature
folliclesof CuO-NPs groups (IB and IIB) of the current study. This increase was also observed in
corpora lutea. Statistical analysis of apoptotic bodies and atretic follicles’counts showed that theywere
significantly increased in group IB and group IIB as compared to group 1A and group IIA respectively.
Immunohistochemical staining of paraffin sections from these groups for caspase 3 showed a more
intense reaction, while immunostaining for BCL2 showed a weak or negative reaction in comparison
with control. This was proved statistically. A considerable difference was detected between acute
large dose group and chronic small doses group as regard apoptosis parameters (number of apoptotic
bodies/HPF and caspase 3 percentage area), indicating that apoptosis was more apparent in the acute
CuO-NPs group. According to a prior research conducted by Farshori, et al®!! for the impact of
different doses of nanoparticles of copper oxide on HEp-2 cells, small doses caused changes in cell
shape, while increasing the doses caused loss of cellular contents and resulted in cell death after
24hours exposure.

Moreover, H&E-stained sections from CuO-NPs treated groups (groups IB and IIB) of the current
study showed the presence of necrotic debris in Graafian follicles from group IB, and necrotic luteal
cells in group IIB. It was reported that the CuO-NPs could trigger apoptosis as well as necrosis to
gastric adenocarcinoma cells in a way that varies depending on the dosage. The surface characteristics
and reactivity of CuO-NPs were linked to their toxic effects. The small size of nanoparticles enables
them to translocate easily across cells, penetrate cell membranes, and induce cell disturbances.
Moreover, the spherical shape of CuO-NPs was reported to increase their reactivity.®Nanoparticles
have a greater surface area in comparison to larger bulk particles. Increased surface reactivity causes
higher generation of ROS and vice versa.Toxicity may also be due to copper ions which are
discharged from copper oxide NPs and are harmful to the cells.’?! Free Cu ions can generate hydroxyl
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radicals on the cell's surface, causing cell membrane damage. Copper oxide nanoparticles may be
toxic because they build up in lysosomes, where they become more soluble in acidic conditions,
releasing highly cytotoxic Cu2+ ions into the cytoplasm.®'When CuO-NPs were added to incubated
human lymphocytes for 24 hours, there was a significant increase in ROS formation.”3] As ROS
generation exceeds the cells’ antioxidant capacity, oxidative stress occurs leading to several
toxicological outcomes.*¥In a previous study for the impact of nanoparticles of titanium and zinc on
the development, microscopic structure and sustainability of antral follicles, the antral follicles
exposed to TiO2 NPs in culture media showed internalization and agglomeration of the nanoparticles
within the cells, causing an increase in follicle size and disruption of the cytoskeleton organization.
The presence of trolox, a water-soluble form of vitamin E, helped to partially reduce the effects
caused by TiO2 nanoparticles, suggesting that oxidative stress could have been a factor in mediating
these effects. Additionally, ZnO nanoparticles partly dissolved in the culture media, resulting in
reduced follicle diameter and disturbed cytoskeletal arrangement, with no protection fromTrolox.!

The prominent rise in atretic follicles’ count reported in groups treated with CuO-NPs is a
remarkable finding in the current study. Follicular atresia is a type of cellular apoptosis. Ovarian
tissue damage and cell death in rats injected intraperitonially with Cu NPs was attributed to hormonal
changes, changes in the activity of ovarian genes, activation of apoptosis-triggering factors, and
accumulation of ROS.PIncreased atretic follicle, inflammation, and necrosis were reported in the
ovaries of mice that were administered nano-TiO2.

H&E-stained sections from groups IC and IIC (CuO-NPs + selenium treated groups) revealed fewer
apoptotic bodies between granulosa cells. Statistical analysis of apoptotic bodies and atretic follicles
counts in these groups revealeda significantdecrease when compared to copper oxide NPs treated
groups. In accordance, immunohistochemical stained sections of these groups for caspase 3 showed
less intense positive immunoreaction as compared to CuO-NPs treated groups. These results were
confirmed statistically. Selenium was reported to resist apoptosis caused by adverse factors. In
addition, it was reported to improve the abnormalities of genes related to apoptosis caused by heavy
metal toxicity like lead toxicity.’”! The anti-apoptotic effect of selenium was attributed to up-
regulating BCL2 and down-regulating Bax and cytochrome c.*® It was suggested that selenium
caused alterations in the mRNA and protein expression within the BCL2/caspase family.®" Moreover,
in a study of the impact of adding selenium to IVM (In Vitro Maturation) medium on apoptosis in
cumulus cells, the results showed a reduction in cells undergoing apoptosis when cumulus-oocyte
complexes were matured with selenium. Necrotic cell percentage was reduced in cumulus cells when
matured with 100 ng/ml of selenium compared to cumulus cells matured without selenium during
IVM. Furthermore, apoptotic cells decreasedwhen 100 ng/ml of selenium were added to the IVM
medium.® In another study for the impact of adding selenium on the growth, mortality and
proliferation of thyroid follicular cells, the findings suggested that adding selenium enhanced the
growth rate of FRTLS (rat thyroid follicular cell line). In addition, selenium decreased cell death rates
by reducing the activity of the proapoptotic genes and increasing the activity of the genes that
inhibit apoptosis.!®”

Selenium, as a crucial component of selenoproteins, is important in both the first and subsequent
steps of antioxidant protection. The initial stage stops free radicals’ creation. It deactivates catalysts or
eliminates free radicals’ producing substances and consists of 3 enzymesGPX, SOD, and CAT as well
as proteins that bind to metal ions. The initial step is not sufficient to completely stop the production
of free radicals within the cell. Consequently, certain radicals evade capture, triggering the
peroxidation of lipids and resulting in damage to proteins and DNA. Nevertheless, only GPX4 can
interrupt lipid peroxidation, not any other selenoprotein. Therefore, there is a second level of
antioxidant protection present. It includes antioxidants that break chains, and additional antioxidants.
Thioredoxin is crucial in this second defense mechanism as well. Thioredoxin reductases utilize
NADPH to decrease oxidized thioredoxin and its similar proteins, controlling numerous redox
signaling events.[6!]

5. Conclusion:
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From the present study, copper oxide nanoparticlesinduced marked histological and
immunohistochemical changes in adult rat ovaries at both a single high dose and small repeated doses.
Selenium could ameliorate the adverse effects caused by copper oxide nanoparticles,may bethrough
antioxidant and anti-apoptotic mechanisms.
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