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ABSTRACT

Introduction: Atrazine (ATR) is the most common herbicide used in the world. Several studies showed that ATR has many
reproductive adverse effects. L-Carnitine (LC) is a flavonoid antioxidant.

Aim of the work: The goal of this research was to elucidate the structural and biochemical alterations induced by ATR in the
ovary of the adult albino rats and to clarify the possible protective role of LC.

Material and Methods: 70 adult female albino rats were separated into 6 groups; Control, LC (given 100 mg LC/kg/day for
30 days), ATR sub-chronic treated (given 6.5 mg ATR/kg/day for 30 days), ATR sub-acute treated (given 65 mg/kg/day for 14
days), Sub-chronic protected (given 6.5 mg ATR/kg/day +LC 100 mg/kg/day for 30 days), and Sub-acute protected (given 65
mg ATR/kg/day +LC 100 mg/kg/day for 14 days). All doses were administrated orally. Blood and tissue samples were obtained
and processed for biochemical, histological, and immunohistochemical study. Statistical analysis was also done.

Results: Serum luteinizing hormone (LH) and estradiol (E2), ovarian superoxide dismutase (SOD) and catalase (CAT)
significantly decreased while the ovarian malondialdehyde (MDA) and nitric oxide (NO) significantly increased in ATR
treated groups as compared to control group. Ovarian tissue of ATR treated groups showed significant increase in number of
atretic follicles and loss of zona pellucida continuity in PAS stain as compared to control group. Atresia was confirmed by
significant increase in immuohistochemical study of P53 in ATR treated groups. Also, there was significant decrease in mitotic
division in ATR treated groups confirmed by immuohistochemical study of Ki-67 as compared to control group. Moreover,
there was significant difference between the two ATR treated groups in both biochemical and structural findings. While, these
changes were less obvious in protected groups after administration of LC.

Conclusion: Supplementation of LC could have a beneficial effect against ATR-induced ovarian damage.
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INTRODUCTION used in agricultural production with consumption of 70-90
thousand-tones annually!?. It is also used in industrial and
entertaining areas to control weeds!”.

The reproductive system of women is extremely
vulnerable to a variety of adverse environmental stresses!'.

Exposure to these stressors like air pollution and chemicals Exposure to pesticides and herbicides may be generally
in the environment has been linked to numerous health classed into three chief categories, namely occupational,
problems, including malignancies, neurological diseases non-occupational and intentional (accidental/suicidal)
(such as Parkinson’s disease) and problems of reproduction exposures!'!l, Contaminated water is the main route of
(such as increase the risk of miscarriage and decrease atrazine exposure in humans!'>'¥, In addition, it is possible
male and female fertility)?]. Environmental chemicals to be exposed to it through skin contact and inhalation from
which impair endogenous hormone signaling pathways are occupational sources!'?.

k ine di ing chemicals (EDCs)™*5., o . .
nown as endocrine disrupting chemicals (EDCs) Carnitines are special groups of nutrients called

Atrazine (ATR) consists of a ring structure, called ‘quasi-vitamins’ or ‘conditionally essential’ nutrients!®.
the triazine ring, along with five nitrogen atoms and a Levo-carnitine (L-Carnitine) (LC) is a water-soluble,
chlorine atom. Pure form is an odorless white powder!®. biologically active antioxidant molecule!'’!®], It is found in
It belongs to the group of chlorotriazine herbicides!” and human serum and tissues and plays an important function
is the most widely used herbicide on the globe because in fatty acid metabolism!'. It has a protective effect on
of its low price, great efficacy and flexibility of its lipid peroxidation by the reduction in hydrogen peroxide
application®. Agriculture is a field in which it is used to production, and it has the ability to remove the superoxide
manage weeds in sugarcane, corn, pineapple, soybean, and radical",

sorghum by inhibiting photosynthesis?. It is intensively
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Now, researchers are considering application of
L-Carnitine as a treatment for female infertility!!21:22,
Both L-Carnitine and Acetyl L-Carnitine supplementation
produces improvement in many disorders as polycystic
ovary syndrome®?, endometriosis and amenorrheal®!,

MATERIALS AND METHODS

2.1. Chemicals:

Atrazine (ATR): was purchased from Kafr El Zayat
Pesticides and Chemicals CO. as white odorless powder;
purity of 97%. Powder was weighed according to weight
of rats and dissolved in distilled water.

L-Carnitine (LC): was supplied as capsules of 350
mg/capsule, in a box of 20 capsules, from MEPACO-
MEDIFOOD Company for Pharmaceuticals and Medicinal
plants, Sharkeya, Egypt. Capsules were opened and
dissolved in distilled water.

2.2. Animals:

Seventy adult female albino rats (Sprague Dawley)
weighing 230-250 gm were used in this study. They were
obtained from Zagazig University's Faculty of Medicine's
animal house. All of the animals were kept in sanitary
conditions. Standard food and tap water were given to the
participants. They were kept in ventilated polypropylene
cages with stainless steel covers and bedding made of
wood shavings. The temperature was kept at 22°C. They
were given 15 days to adjust to the laboratory settings
before being tested. Estrous phases were determined two
weeks before the start of the treatment for three cycles,
demonstrating its regularity. Vaginal smears in the morning
(08:00-10:00) were used to assess the estrous cycle
phases of rats on a daily basis for three days®. In each
rat, estral cyclicity was monitored to ensure that it was in
the proestrous phase at the start of the experiment™/. All
rats were handled in accordance with Zagazig University's
Institutional Animal Care and Use Committee's standards
and regulations (ZU-IACUC committee), number of
approval ZU-IACUC/3/F/186/2019.

2.3. Chemical preparation for treatment:

Solutions were made to get 2 distinct dosages of
atrazine and only one dose of L-Carnitine. First, 16.25
mg of ATR was dissolved in 10 cm of distilled water. One
cm was given for each rat (about 1.625 mg). Secondly,
162.5 mg of ATR was dissolved in 10 cm distilled water.
One cm was given for each rat (16.25 mg). Finally, each
capsule of LC (350 mg) was opened and dissolved in 14
cm of distilled water. One cm was given for each rat (about
25 mg).

2.4. Experimental design:

The animals were separated into six groups randomly
as follow: Group I: (Control group); subdivided into
Control A; they did not receive any supplementation for
basic parameters to be measured and Control B; they were
given 1 cm distilled water by oral gavage daily for 30 days.

Group II: (LC group); they were given LC at a dose of
100 mg/kg body weight (B.W)2¢28 by oral gavage for 30
days?!. Group III: (ATR sub-chronic treated group); they
were given ATR at dose of 6.5 mg/kg B.W which is 1/100 of
lethal dose (LD50) for rat (672 mg/kg)>*” and according to
the safety data sheet®!! by oral gavage daily for 30 days?*!.
Group IV: (ATR sub-acute treated group); they were given
ATR at a dose of 65 mg/kg B.W which is 1/10 of lethal
dose (LD50) for rat (672 mg/kg) by oral gavage daily for
14 days™®). Group V: (Sub-chronic protected group); they
were given ATR at a dose of 6.5 mg/kg B.W plus LC at a
dose of 100 mg/kg by oral gavage daily for 30 days. Group
VI: (Sub-acute protected group); they were given ATR ata
dose of 65 mg/kg B.W plus LC at a dose of 100 mg/kg by
oral gavage daily for 14 days.

Rats were sacrificed on the first diestrous stage of
the estrous cycle following 14 and 30 days treatment?,
Animals were anesthetized by intra-peritoneal injection of
thiopental 50 mg/kgP* then blood samples were collected
from each group under complete aseptic conditions,
for estimation of serum luteinizing hormone (LH) and
estradiol (E2). Laparotomy was performed to expose the
ovary (Figure 1: B) and ovarian specimens were taken for
histopathological and biochemical studies.

2.5. Hormonal assay:

After allowing blood to coagulate at room temperature,
samples were centrifuged for 20 minutes at 4000 rpm using
a cooling centrifuge (Sigma 3-30 k, USA). Biomarkers
were isolated from the clear serum layer and kept at -80°C.
Serum LH and E2 estimation has been carried out using
enzyme-linked immune-sorbent assay (ELISA)P4,

2.6. Biochemical analysis:

Ovarian tissues were washed out in ice-cold saline then
dried and stored at -80°C for subsequent homogenization.
They were homogenized in cold 50 mM sodium phosphate
buffer (pH 7.0) which has 0.1 mM EDTA. After blending,
the mixture was centrifuged at 5000-10000 rpm for 10
minutes. The supernatant was immediately taken and
examined. Estimation of lipid peroxidation, oxidative
stress and antioxidant defense system was detected using
biodiagnostic kits to measure levels of malondialdehyde
(MDA) according to*, nitric oxide (NO) according tol*),
superoxide dismutase enzyme (SOD) according toP” and
catalase (CAT) according toP*®,

2.7. Hematoxylin and Eosin (H&E) and periodic
acid-Schiff (PAS) staining:

H&E and PAS staining techniques were done according
toP. Follicles at various stages of development were
counted in 10 distinct sections of H&E in diestrous rats
per group at magnification power X40. Moreover, if the
oocyte was lost or degenerated and the granulosa cells had
pyknotic nuclei or cytoplasmic shrinkage, the follicle was
considered atretict*’l.
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2.8. Immunohistochemistry staining of P53 and Ki-
67and image analysis:

On positive slides, prepared 5 pm slices were placed
and immunostained with an avidin-biotin method. To
suppress endogenous peroxidase activity, sections were
deparaffinized, rehydrated, and prepared with 0.01 percent
hydrogen peroxide (H,0,). To mask the antigenic location,
slices were incubated in a 0.01 M citrate buffer at ph 6
for 10 minutes and then in ethanol for 10 minutes. After
that, 20 minutes of microwave-assisted antigen retrieval
was performed. Ki-67 and p53 monoclonal mouse
antibodies were used to incubate sections overnight at
4°C with diluted primary antibodies at dilutions of 1/500
and 1/100. After 60 minutes of incubation with the avidin-
biotin complex (ABC) reagent, the sections were placed
in a peroxidase solution for 6-10 minutes. Finally, a
counter stain of Mayer's hematoxylin was utilized. For
both antigens, immunoreactivity was seen in the nucleus.
The particular 1ry antibody was substituted with phosphate
buffer saline for the negative control slide*#?. Positive
results for P53 and Ki-67 antibodies were indicated by
brown coloration occupying the nucleus of the cells®l.

Imagel software (Wayne Rasband, National Institute
of Mental Health, Bethesda, Maryland, USA) was used to
calculate the area percent of immunological expression for
every stain in high-power fields (X 400) in every slide!.

Using an electric light microscope (Leica DMS500)
(German), all sections were examined and photographed at
image analysis of Anatomy and Embryology department,
Faculty of Medicine, Zagazig University.

2.9. Statistical analysis:

SPSS was used to analyze the data. Data for continuous
variables were summarized using the mean and standard
deviation if normally distributed, or the median and
interquartile ranges if not normally distributed. The
analysis of variance was used to examine for differences
in mean values between experimental groups (ANOVA).
Tukey's multiple comparison test was used as a post hoc
ANOVA test. The threshold of significance is fixed at 5%
level (P value). p<0.05 value was considered statistically
significant and p>0.05 value was considered non-
statistically significant.

RESULTS

3.1. Phases of estrous cycle:

The following estrous cycle phases were monitored
and detected using a vaginal swab: Proestrous phase:
consisted of rounded epithelial cells (Figure 1: A1), estrous
phase: characterized by predominance of cornified cells
(Figure 1: A2), metestrous phase: has different cell types
with predominance of leucocytes (Figure 1: A3) and
diestrous phase: consisted of predominance of leucocytes
(Figure 1: A4).

3.2. Hormonal assays and biochemical results:

There was no significant difference between control
and LC groups in all variables.

Serum levels of LH & E2 significantly decreased in
ATR treated groups in comparison to the control group.
Moreover, ATR sub-acute treated group showed significant
decrease as compared to ATR sub-chronic treated group.
Results enhanced after LC administration in protected
groups, as LH & E2 levels were significantly increased
as compared to the corresponding treated groups. In
comparing to control group; there was no significant
difference with sub-chronic protected group, but there was
still a significant difference with sub-acute protected group.
The sub-chronic protected group revealed significant
increase as compared to the sub-acute protected group
(Table 1; Figure 2: A and B).

According to ovarian MDA & NO contents; they
were significantly increased in ATR treated groups as
compared with the control group. Furthermore, ATR
sub-acute treated group showed significant increase as
compared to ATR sub-chronic treated group. On the other
hand, there was improvement in protected groups; with a
significant decrease in MDA & NO levels as compared to
corresponding treated groups. There was no significant
difference between sub-chronic protected and control
group. While, results showed a significant difference
between sub-acute protected and control group. The sub-
chronic protected group revealed significant decrease
as compared to the sub-acute protected group (Table 1;
Figure 2: C and D).

According to ovarian SOD & CAT contents; they
were significantly decreased in ATR treated groups in
comparison to control group. Moreover, ATR sub-acute
treated group showed significant decrease as compared to
ATR sub-chronic treated group. After LC administration in
protected groups; there was a significant increase in SOD
& CAT levels as compared to their corresponding treated
groups. There was no significant difference between
ovarian SOD & CAT contents of sub-chronic protected
and control group. In comparison to control group, the sub-
acute protected group showed a significant difference in
ovarian SOD and CAT contents. The sub-chronic protected
group revealed significant increase as compared to the sub-
acute protected group (Tablel; Figure 2: E and F).

3.3. H &E Histopathological and morphometric
results:

Control group (Figure 3: A, B & C) and LC group
(Figure 3: D, E & F) showed nearly the same histological
results of normal ovarian structure. Ovary was consisted
of outer cortex and central medulla. Ovarian cortex
demonstrated all phases of follicular development
including; primordial follicles, primary follicles, preantral
follicles, antral follicles, mature Graffian follicle and
corpora lutea (old and recent).
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On the other hand, ovary of ATR sub-chronic treated
group was made up of multiple atretic follicles with
increased interstitial cells in between. These atretic follicles
had degenerated oocytes with cytoplasmic vacuolations
and disorganized vacuolated granulosa cells with pyknotic
dark stained nuclei. Also, there were old corpus luteum,
multiple areas of hemorrhage, Graffian follicle with ill
differentiation between layers of theca cells and vacuolated
degenerated preantral follicle (Figure 4: A, B & C). While,
ovary of ATR sub-acute treated group showed multiple
cystic follicles with retention of follicular fluid and there
was persistence of many old corpora lutea with absence
of recent ones. Also, there were areas of hemorrhage,
congested blood vessels and atretic follicles with complete
loss of oocyte or with degenerated vacuolated oocyte,
micronuclei formation and disarranged vacuolated
granulosa cells with pyknotic nuclei (Figure 4: D, E & F).
There was apparent decrease of primordial follicles in both
treated groups.

In contrast, ovary of sub-chronic protected group
showed presence of primordial follicles, multiple growing
follicles, recent corpus luteum and decreased number of
atretic follicles when compared with ATR sub-chronic
treated group (Figure 5: A, B & C). The ovary of sub-acute
protected group revealed decrease in number of ovarian
cysts, number of atretic follicles and vascular changes
(blood congestion and hemorrhage) with still absence of
primordial follicles as compared to ATR sub-acute treated
group (Figure 5: D, E & F).

According to number of primordial, primary, and
preantral follicles; it was significantly decreased in ATR
treated groups as compared to control group. There was
no significant difference between ATR sub-chronic and
sub-acute treated groups. There was a significant increase
in sub-chronic protected group as compared to ATR sub-
chronic treated group and control group. However, there
was no significant increase in sub-acute protected group in
comparison to ATR sub-acute treated group and there was
still a significant decrease in sub-acute protected group
in comparison to control group. There was a significant
increase in sub-chronic protected group in comparison to
sub-acute protected group (Table 2; Figure 6 A).

According to number of antral follicles; it was
significantly decreased in ATR treated groups as compared
to control group. There was no significant difference in
ATR sub-acute treated group as compared to ATR sub-
chronic treated group. There was a significant increase in
sub-chronic protected group as compared to corresponding
treated group. There was non-significant difference in sub-
chronic protected group as compared to control group.
There was still a significant decrease in sub-acute protected
group in comparison to control group, as there was no
significant difference between sub-acute protected group
and corresponding treated one. There was a significant
increase in sub-chronic protected group in comparison to
sub-acute protected group (Table 2; Figure 6 B).

According to number of atretic follicles; it was
significantly increased in both ATR treated groups as
compared to control group. There was no significant
difference between the two ATR treated groups. There
was a significant decrease in sub-chronic protected and
sub-acute protected groups as compared to corresponding
treated groups. There was no significant difference in sub-
chronic protected group as compared to control group,
while there was still a significant difference in sub-acute
protected group in comparison to control group. There
was a significant decrease in sub-chronic protected group
in comparison to sub-acute protected group (Table 2;
Figure 6 C).

According to number of corpora lutea; there was a
significant decrease in ATR treated groups in comparison
to control group. Moreover, ATR sub-acute treated group
showed significant decrease as compared to ATR sub-
chronic treated group. There was a significant increase in
sub-chronic protected and sub-acute protected groups as
compared to corresponding ATR treated groups. There was
no significant difference in sub-chronic protected group as
compared to control group, but there was still a significant
difference in sub-acute protected group in comparison
to control group. There was a significant increase in
sub-chronic protected group in comparison to sub-acute
protected group (Table 2; Figure 6 D).

3.4. PAS staining results:

PAS stained ovarian sections of control and LC groups
showed continuous zona pellucida (Figure 7: A and B).
However, there was loss of continuity of zona pellucida in
PAS stained ovarian sections of ATR sub-chronic treated
group (Figure 7: C) and ATR sub-acute treated group
(Figure 7: D). Restoration of continuity of zona pellucida
in sub-chronic protected group (Figure 7: E) and sub-acute
protected group (Figure 7: F) was demonstrated.

3.5. Immunohistochemistry and morphometry:

Immunostained ovarian sections for P53 and Ki-67
showed normal expression in nuclei of granulosa cells in
both control and LC groups (Figure 8: A&B, Figure 9:
A&B). ATR sub-chronic treated group presented positively
stained nuclei of most of the granulosa cells in P53
(Figure 8: C) while most of the granulosa cells presented
negative stained nuclei in Ki-67 (Figure 9: C). ATR sub-
acute treated group's granulosa cells showed extensively
positive stained nuclei in P53 (Figure 8: D) while
extensively negative stained nuclei of the granulosa cells
in Ki-67 (Figure 9: D). Sub-chronic protected group
presented negative stained nuclei of most of the granulosa
cells in P53 (Figure 8: E) and positive stained nuclei of
the majority of the granulosa cells in Ki-67 (Figure 9: E).
Sub-acute protected rats showed negative stained nuclei
of a little number of the granulosa cells and positive
stained nuclei of majority of them in P53 (Figure 8: F) and
negative stained nuclei of a little number of granulosa cells
and positive stained nuclei of the majority of them in Ki-67
(Figure 9: F).
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According to area percent of positivity of P53-
immunostained sections; it was significantly increased
in both ATR treated rats as compared with control group.
ATR sub-acute treated group showed significant increase
as compared to ATR sub-chronic treated group. There was
a significant decrease in both sub-chronic and sub-acute
protected groups in comparison with corresponding treated
groups, but still there was a significant difference with
control group. The sub-chronic protected group revealed
significant decrease in area percentage of positivity of
P53 as compared to the sub-acute protected group. On
the other hand, area percentage of positivity of Ki-67-

immunostained sections significantly decreased in both
ATR treated rats in comparison with control group. ATR
sub-acute treated group showed significant decrease in
area percentage of positivity of Ki-67 as compared to ATR
sub-chronic treated group. There was a significant increase
in both sub-chronic and sub-acute protected groups in
comparison with corresponding treated groups, while there
was still a significant difference with control group. The
sub-chronic protected group revealed significant increase
in area percentage of positivity of Ki-67 as compared to
the sub-acute protected group (Table 2; Figure 6: E & F).

Fig. 1: (A): Unstained vaginal smear of different stages of estrous cycle: proestrous phase (A1) showing; oval epithelial cells (black arrows).

Estrous phase (A2) consisting of; cornified epithelial cells (red arrow). Metestrous phase (A3) containing; different cell types; oval epithelium

(black arrow), cornified epithelium (red arrow) and predominance of leucocytes (blue arrows). Diestrous phase (A4) showing predominance

of leucocytes (blue arrow). (B): a photo showing paired ovaries (blue arrows) are situated at caudal poles of kidneys (K) and embedded in fat

(blue star). Uterus is formed of 2 horns (green arrows).
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Fig. 2: Bar charts showing hormonal levels & ovarian contents of oxidant and antioxidant enzymes in different studied groups. A: serum LH,
B: serum estradiol, C: MDA, D: NO, E: SOD, and F: CAT. Results are represented as mean + SD.
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Control group

LC group

= : ; 3 o . s Q; P ;4

Fig. 3: H&E stained sections of the ovarian tissue: control group (A, B & C) is showing normal ovarian structure formed of outer cortex
containing different stages of follicular development and central medulla (M). Primordial follicles (black arrows), primary follicle (PF),
multiple antral follicles (AF) and mature Graffian Follicle (GF) which is formed of outer lining of theca cells (T), multiple layers of granulosa
cells (Ge), follicular antrum (FA), corona radiata (CR) and cumulus oophorus (CO) that connects the oocyte (O) with the rest of the granulosa
cells. Recent corpora lutea (CL*) and old corpora lutea (CL) are also seen. The highest magnification is showing primary follicle (PF) formed
of an oocyte (O) having clear nucleus (n) and surrounded by zona pellucida (ZP) and few layers of granulosa cells (Gc).

LC group (D, E & F) is showing normal ovarian structure formed of outer cortex and central medulla (M). Primordial follicles (black arrows),
primary follicle (PF), preantral follicles (red arrows) and multiple antral follicles (AF) are seen. The mature Graffian Follicle (GF) is formed
of outer lining of theca cells (T) which are divisible into theca interna (blue wavy arrow) and theca externa (blue straight arrow), multiple
layers of granulosa cells (Gc), follicular antrum (FA), corona radiata (CR) and cumulus oophorus (CO) that connects the oocyte (O) with
the rest of the granulosa cells. Recent corpora lutea (CL*) and old corpora lutea (CL) are also seen. The highest magnification is showing
primordial follicles (black arrows) formed of oocyte surrounded by a single layer of squamous cells and primary follicle (PF) formed of an
oocyte (O) having clear nucleus (n) and surrounded by zona pellucida (ZP) and few layers of granulosa cells (Gc). (Bar: A&D: 500 um X40-
B&E 200 um X100 - C&F: 50 um X400).

A

- o g £ %

ATR sub-chronic treated

ATR sub-acute treated

5 LDy ¥ e ioh i NS y . -
Fig. 4: H&E stained sections of the ovarian tissue: ATR sub-chronic treated group (A, B & C) is showing multiple atretic follicles (AtF) with
apparent increase in interstitial cells (IC) in between, old corpus luteum (CL), multiple areas of hemorrhage (green arrow heads), Graffian
follicle (GF) with ill differentiation between layers of theca cells (T) and vacuolated degenerated preantral follicle (red arrow). The highest
magnification is showing atretic follicles (Atf) having vacuolated (black V) and disorganized granulosa cells (Gc) with pyknotic nuclei (red
curved arrows) and degenerated vacuolated (red V) oocyte (O).

ATR sub-acute treated group (D, E & F) is showing multiple cystic follicles (CF), atretic follicles (AtF) with complete loss of oocyte, many
old corpora lutea (CL) with vascular changes (blue arrow heads) and vacuolations (green V), areas of hemorrhage (green arrow heads) and
congested blood vessels (BV). The highest magnification is showing atretic follicle (AtF) with degenerated vacuolated (red V) oocyte (O),
micronuclei formation (red short arrows) and disarranged vacuolated (black V) granulosa cells (Ge) with pyknotic nuclei (red curved arrows).
(Bar: A&D: 500 pm X40- B&E 200 pm X100 - C&F: 50 pm X400).
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Sub-chronic protected

Sub-acute protected

Fig. 5: H&E stained sections of the ovarian tissue: Sub-chronic protected group (A, B & C) is showing primordial follicles (black arrows) and
recent corpus luteum (CL*). Also, there are primary follicles (PF), preantral follicle (red arrow), antral follicle (AF), old corpora lutea (CL)
with little vacuolation (green V) and small area of hemorrhage (green arrow head). The highest magnification is showing primordial follicle
(black arrow), primary follicle (PF) and early antral follicle (AF) having multiple layers of granulosa cells (Gc) with some vacuolations (V),
a small cavity (black arrow head) and oocyte (O).

Sub-acute protected group (D, E & F) is showing primary follicles (PF), antral follicle (AF), old corpus luteum (CL), atretic follicles (AtF)
and area of hemorrhage (green arrow head). The highest magnification is showing early antral follicle with oocyte (O) surrounded by
granulosa cells (Ge) having pyknotic (red curved arrows) or karyorrhetic (black curved arrows) nuclei. Notice absence of primordial follicles.
(Bar: A&D: 500 pm X40- B&E 200 um X100 - C&F: 50 um X400).
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Fig. 6: Bar charts showing number of different follicles and area percent of immunoexpression in different studied groups. A: number of

follicles (primordial, primary, and preantral), B: number of antral follicles, C: number of atretic follicles, D: number of corpora lutea, E: area

% of P53 and F: area % of Ki-67. Results are represented as mean = SD.
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Fig. 7: PAS stained ovarian sections in different studied groups: control (A) and LC (B) groups are showing continuous zona pellucida (black
short arrow). While, ATR sub-chronic treated (C) and ATR sub-acute treated (D) groups are showing loss of continuity of zona pellucida
(blue short arrows). Restoration of of zona pellucida's continuity in sub-chronic protected group (E) and sub-acute protected group (F) was
demonstrated (black short arrow). (Bar: 50 um X400).
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Control group
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Fig. 8: P53 immunostained ovarian sections of the different studied groups: preantral follicles (red straight arrows), antral follicle (AF),
negative stained nuclei of granulosa cells are taking blue color (black zigzag arrows), and positive stained nuclei of granulosa cells are
taking brown color (red zigzag arrows). A: control group, B: LC group, C: ATR sub-chronic treated group, D: ATR sub-acute treated group,
E: sub-chronic protected group and F: sub-acute protected group. (Bar: 50 pm X400).
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Control group
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Fig. 9: Ki-67 immunostained ovarian sections of the different studied groups: antral follicle (AF), positive stained nuclei of granulosa cells
are taking brown color (red right angled arrows), negative stained nuclei of granulosa cells are taking blue color (yellow right angled arrows).
A: control group, B: LC group, C: ATR sub-chronic treated group, D: ATR sub-acute treated group, E: sub-chronic protected group and
F: sub-acute protected group. (Bar: 50 um X400).
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Table 1: Statistical comparison of mean values of serum LH and estradiol and ovarian MDA, NO, SOD and CAT by ANOVA & Tukey HSD
post hoc test among different groups:

Group Control group LC ATR ATR Subchronic Subacute
subchronic subacute tected tected F P-value
Variable A B group treated treated protecte protecte
S LH 15.898 15817 15.761 10.6330 8.215 15.666 14.907
eliun/l 1 L N 4 + + + + 344718  <0.001
(ulm/ml) 0471 0495  0.494 0.452 0.72+% 0.523""* 0.51s% 027
. 22270 2225  222.60 191.80 170.90 216.70
Seru(rlr)l 7I§Itlrle)1d101 i 1 + + + 22330 + 408.393  <0.001
& 3.057  3.206 3.273 3.490*" 3.247 3.466%" 2.83mb2nd"
5.037  5.0370 5.024 7.3100 8.977 5.729
MDA (nmol/ . . . N L 510 + 120070 <0.001
me) 0.55 0.541  0.343 0.491 0.324a" 0.424 °* 0.3852"b2d
31.10  30.90 31.20 38.30 41.10 3210 34.50
NO (umol/L) + + + + + + + 60.857  <0.001
1.663  2.132 1.814 1.703* 1.370*< 1.287°" 1.354a"b2d
89.10  89.30 89.40 71.30 59.30 75.50
( 821113) h L + + 88,30 + 85175 <0.001
& 3.542 2983 3.204 4.296" 4,968 4.111°" 4,972 b2
10.73  10.725  10.687 9.179 7.86 9.434
(nC/Arg) L . . L L 10911 + 24962 <0.001
gime 0.717  0.882 0.827 0.674" 0.647+"¢ 0.451°" 0.8022"b2"d*
N= 10 for each subgroup. LH: Luteinizing hormone. MDA: malondialdehyde. NO: nitric oxide. ~SOD: super oxide dismutase.

CAT: catalase.

*: significant difference (P <0.05)
a: Comparison in relation to control A group.
b: Comparison in relation to treated groups.
b1: sub-chronic group.
b2: sub-acute group.

c: Comparison between sub-acute and sub-chronic treated groups

d: Comparison between sub-acute and sub-chronic protected groups

Table 2: Statistical comparison of number of different follicles and area % of P53 & Ki-67 by ANOVA & Tukey HSD post hoc test among

different groups:
Control grou
Group group LC ATR . ATR Subchronic Subacute
ou subchronic subacute cotected cotected F P-value
Variable A B group treated treated P P
. 5.70 5.70 5.80 3.60 8.90 4.20
Foll;les L L L 410 + + + 27.041  <0.001
(#) 1.16 0949 1229 0.738* 0.966* 1.3702"01* 10334
6.00 5.90 5.90 2.90 5.20 3.90
fAlrll'trlal L L L 3.80 + + - 24294 <0.001
othicles 0.816 0.738  0.876 0.789*" 0.738" 0.789"'" 0.876" ¢
. 2.90 3.00 2.80 12.10 3.00 5.60
Aetie . & L 11,30 + + = 193599 <0.001
otheles 0.738 0.816  0.789 1.160* 1.197+ 0.816"" 0.9662" 024"
8.50 8.40 8.30 6.50 5.00 8.30 6.80
cL + + 4 ) + + + 22066  <0.001
0.85 0.966  0.949 0.850* 0.943+ 0.949"'* 0789274
1.1530  1.154  1.153 10.517 2.986 5.769
(Afesa3°/) * * + 8148 + + + 1286.412  <0.001
o 0.119 0.12 0.158 0.356" 0.4247¢°  0.467%b"" 0.459%b2"d"
Kie7 10217 10233 10.235 3.072 1272 7.126 4.148
(Ar;lo/) * * * + + + + 904330  <0.001
° 0.408 0453  0.443 0.323* 0.313%"¢" 0.362"01" 0.467% 02" 4"

N= 10 for each subgroup. Follicles (#): primordial, primary and preantral follicles. CL: corpora lutea.
*: significant difference (P <0.05)
a: Comparison in relation to control A group.
b: Comparison in relation to treated groups.
b1: sub-chronic group.
b2: sub-acute group.

c: Comparison between sub-acute and sub-chronic treated groups

d: Comparison between sub-acute and sub-chronic protected groups.
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DISCUSSION

The current study looked at the sub-chronic and sub-
acute effects of ATR on the adult rat ovary, as well as the
predicted protective impact of LC. Recently, there has been
an increasing interest to detect the toxicological effects of
environmental chemicals on reproductive system of human
and mammals. Numerous reports have suggested that ATR
has adverse effects on the reproductive function™!,

In the present study, serum LH level in ATR sub-chronic
and sub-acute treated groups showed significant decrease,
in comparison to that of the control group. These findings
were consistent with some investigators?* who reported
significant decrease in serum LH level in atrazine treated
group for 2 weeks. As atrazine and its metabolites are lipid
soluble, can pass the blood brain barrier and interact with
gonadotropin releasing hormone (GnRH) neuronst® *7),
ATR alteration of GnRH signaling to the pituitary causes
disturbed downstream secretion of LH and inhibition of
subsequent ovulationt*®.

In the current study, serum E2 levels in the ATR sub-
chronic and sub-acute treated groups showed significant
decrease, as compared to the control group. These
results were in agreement with the study done by As
one of the main targets of ATR in reproductive system is
disturbed steroidogenesis (biosynthesis of estradiol and
progesterone) in the ovarian granulosa cells®*%,

Androstenedione is transformed to estradiol by
aromatase enzymelY, Some researchersi™! revealed that
ATR inhibits activity of aromatase enzyme and stimulates
E2 metabolism, so it has antiestrogenic effect.

On the other hand, a research by"*® found no changes
in serum E2 after exposing Long-Evans rats to 100
mg/kg daily of ATR. This is may be due to variable
affection of ATR on steroidogenesis according to age, dose
and experimental model®®”).

The current study revealed that serum LH and E2 levels
significantly increased in the protected groups as compared
with ATR treated groups. These findings were supported
by some researchers®® who gave 100 mg/kg/day LC
with sodium fluoride in tap water for 30 days and found
significant increase in serum LH and estrogen.

In this study, ATR treated groups showed significant
increase in MDA and NO ovarian contents and significant
decrease in SOD and CAT ovarian contents. This finding
was in the same line with® who found that oxidative
stress occurred in ovarian tissue. This was explained as
ATR causes oxidative stress by forming reactive oxygen
species?’), lipid peroxidation and antioxidant depletion!®®..

In this study, MDA and NO ovarian contents
significantly decreased while SOD and CAT ovarian
levels significantly increased in sub-chronic and sub-acute
protected groups in comparison with corresponding treated
groups. In the same line, some researchers®®!! found that LC
administration in diabetic rats for 21 days decreased MDA
and increased SOD and CAT ovarian levels compared with

the diabetic rats. As LC possesses antioxidant properties
and inhibits protein breakdown!®® by decreasing free
radicals formation and mitochondrial dysfunction!®,
Also, the protective roles of LC may include its capacity
to decrease the harmful fatty acids accumulation around
mitochondria and/or its capacity to increase source of
energy necessary for survival of cell under situations of
oxidative stress!®.

In the present study, ATR sub-chronic treated group
revealed presence of multiple atretic follicles at different
stages of development with apparent increase in interstitial
cells (due to increased atresia) and presence of old corpus
luteum. These observations were consistent with®®! who
observed atretic follicles in ovarian tissue of rats treated
by 5mg/kg/day for 28 days. Also, some investigators®’!
showed presence of atretic follicles with vacuolated
granulosa cells in ovarian sections of rats exposed to a
low dose of ATR (150 mg atrazine/kg) for 30 days. This
is explained as the action of low-dose endocrine disruptive
substances like atrazine have evolved to behave as strong
amplifiers, so significant alterations in cell function may
occur in response to extremely low concentrations®s,

In the current study, ATR sub-acute treated group
showed multiple cystic follicles and persistence of many
old corpora lutea with absence of recent one. This means
stoppage of follicular growth due to strong gonadotropin
inhibition by high doses and elongation of luteal phase.
Also, there were atretic follicles with complete loss of
oocyte or with micronuclei formation and disarranged
vacuolated granulosa cells with pyknotic nuclei. These
findings were in agreement with some researchers!*’.
Micronuclei formation in the nucleus of oocyte is an
indicator for DNA damage as explained by!*d. These
histopathological findings are due to LH suppression
caused by ATR resulting in anovulation®”) and increased
number of atretic folliclest®®.

In our study, there was a significant decrease in number
of primordial and primary follicles in ATR treated groups
as compared to control group. As exposure to EDCs as ATR
may cause premature ovarian failure (POF)®), a disorder
which is associated with follicular depletion and death of
granulosa cells in process of follicular atresial’”. Moreover
in POF, there is an increase in the primordial follicle
activation rate, so depletion of ovarian reserve occurs’!l,
Also, a study done by?! showed that exposure to EDCs
led to POF due to alteration of growth and development
of ovarian follicles, depletion of primordial and primary
follicles and affection of steroidogenesis.

In the present study, sub-chronic protected group
revealed appearance of primordial follicles which is a
good sign with presence of recent corpus lutum. Also,
sub-acute protected group revealed decrease in number of
ovarian cysts and atretic follicles, but there was absence
of primordial follicles. These observations were consistent
with some scientistsi?l.
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In the current study, number of primordial follicles
was significantly increased in sub-chronic protected
group, while there was no significant increase in sub-
acute protected group which means reserve depletion. This
may be explained as in sub-chronic protected group there
was sufficient time to restore the reservoir of primordial
follicles. While number of atretic follicles significantly
decreased in both protected groups. This was in line with
some investigators!®) who stated that LC administration to
diabetic rats increased the number of primordial, primary
and secondary follicles. It also decreased atretic follicles
number.

In our study, sub-acute protected group showed decrease
in number of cystic follicles. Some scientists!’¥ revealed
that impairment of folliculogenesis in a polycystic ovary
syndrome (PCOS) mouse model was partially prevented
by LC administration. Because LC is a ROS scavenger
and an energy production promoter, it may have beneficial
effects on follicular survival and ovarian function!’*7¢,

Numerous reports have highlighted that women with
PCOS had low serum levels of carnitines?>7”78l, Moreover,
LC supplementation has been effectively employed in
PCOS patients, as it revealed improvements in hormonal
and metabolic parameters?!7*-5),

Zona pellucida is a glycoprotein coat which separates
the granulosa cells from oocyte. It is penetrated by thin
granulosa cells cytoplasmic processes which contact with
microvilli projecting from basement membrane of oocyte.
This cell-cell communication mechanism directs the growth
of primary oocyte in addition to progression of'its cell cycle.
This is called granulosa cell-oocyte bidirectional pathway
which is important for folliculogenesis. The interruption
of this pathway leads to impairment of folliculogenesis as
occurs in PCOS and leads to infertility®!.

In the present study, PAS stained sections of ATR
treated groups revealed discontinuation of zona pellucida.
However, a research by revealed intact zona pellucida
in Xylidine Ponceau stained sections of ATR sub-chronic
treated rats and discontinuation in ATR sub-acute treated
group. While, PAS stained ovarian sections of protected
groups showed restoration of continuity of zona pellucida.
So, ATR impairs folliculogenesis due to destruction of
zona pellucida which agrees with some investigators®?
who showed that formation of ZP is essential for normal
folliculogenesis and fertility; particularly in mice and
generally in mammals.

Many studies reported that ATR causes oxidative
stress, cytotoxicity and apoptosis!!'>$38#4, Atresia was
confirmed by immunohistochemical study of P53. In
our study, the area % of P53 positivity was significantly
increased in ATR treated groups when compared with the
control group. The increase of apoptosis was significant
in ATR sub-acute treated group as compared to ATR sub-
chronic treated group. This was in agreement with some
investigators®® 83 who found increased apoptotic nuclei in
the ovarian tissues of rats exposed to ATR.

In the current study, the area % of P53 positivity was
significantly decreased in protected groups as compared
to their corresponding treated groups. This decrease in
apoptosis was statistically significant in sub-chronic
protected group as compared to sub-acute protected
group. LC possesses anti-apoptotic properties®® through
inhibiting the production of pro-apoptotic proteinst®’.
Some researchers!’ discovered that LC prevents apoptosis
of follicle and improves the frozen-thawed ovaries
function in mice. Also, other researchers®®! showed that LC
stimulates growth of cells, decreases ROS levels, inhibits
lipid peroxidation and reduces apoptosis in grasp carp
ovary cells.

Effect of ATR on decreased mitotic division is
confirmed by immunohistochemical study of Ki-67.
Antigen Ki-67 is a nuclear protein which is associated with
and may be essential for synthesis of ribosomal RNA and
cell proliferation®™. In the present study, ATR sub-chronic
and sub-acute treated rats presented significant reduction
of area % of immune-expression of Ki-67 suggesting
inhibited cellular proliferation. This was in line with some
investigators® who found that cell proliferation was
decreased in the epithelium of ventral prostate of atrazine
treated rats. Oxidative stress role in inhibition of cellular
proliferation is controversial. Whereas several researches
revealed that cell proliferation may be reduced by oxidative
stressP!92) another studies revealed that cell proliferation
may be increased by oxidative stress!®>*,

This study revealed significant increase in area % of
immune-expression of Ki-67 in ovaries of protected groups
compared to corresponding treated groups. This increase
of proliferation was statistically significant in sub-chronic
protected group as compared to sub-acute protected group.
This was in line with some scientists® who revealed that
the positive reaction of Ki-67 immunostaining of testicular
sections was improved after treatment with 150 mg/kg of
LC for 35 days simultaneously with low and high doses of
monosodium glutamate.

So in our study, ATR has been revealed to affect
two vital ovarian processes; folliculogenesis and
steroidogenesis, by altering oocyte development, depletion
of primordial follicles, and inducing atresia in follicles
during several stages of development. LC had an important
role in improvement of steroidogenesis and restoration of
primordial follicles. This improvement was more prominent
in sub-chronic than sub-acute protected groups, as time
factor was essential to restore the primordial reservoir.

CONCLUSION

As regards effect of LC which was used as an antidote
to atrazine in this study, there was a significant decrease
of atrazine toxicity in female rats but it didn't eliminate
the effect of atrazine completely. Yet with prolonged
administration of LC, the antidote effect became more
prominent and atrazine toxicity became less obvious.
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RECOMMENDATION

We recommend performing more researches about

usage of antioxidants as L-Carnitine by different doses in
cases of infertility due to ovarian disorders.
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