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Abstract

This study aimed to investigate hypothyroidism's effects in experimental hypothyroidism-induced female rats. Materials and
Methods: To induce hypothyroidism in rats, 0.05% 6-propyl-2-thiouracil (PTU) was given orally to the hypothyroid (HT) and
L-thyroxine (LT) groups with their drinking water for eight weeks. In the LT group, 0.8 pg/100 g L-thyroxine was provided by
subcutaneous for ten days of the experiment. Results: In the histopathological evaluation, hypothyroidism induced severe
dilation in vessels atretic and irregular follicles and damaged the germinal epithelium. These pathologies were decreased in the
LT group. In the biochemical analysis, SOD activity, GSH activity, and MDA level were lower in the HT group than Control and
LT groups. In the relative protein analysis, Caspase-3, mTOR, P2X7R, NfkB, IL-1f3, and TNF-a levels were lower in the Control
and LT groups, but the relative protein expression of Caspase-3, mTOR, P2X7R, NfkB, IL-1B, and TNF-a was found as higher
in the HT group. The protein expression of Bcl-2 level was higher in the Control and LT groups. Conclusion: The results showed
that hypothyroidism causes ovarian tissue injuries —the histopathological and biochemical changes induced by
Hypothyroidism in the experimental rat model were ameliorated with L-thyroxine treatment.
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. with impaired folliculogenesis, reduced fertilization
Introduction _
rate, and reduced embryo quality in severe cases (4-7).

Thyroid hormone (TH) is an essential factor in regulati
ng many biological processes, including growth, differe
ntiation, metabolism, embryo development, and femal

e reproduction (1-3). Altered TH levels are associated
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Proper ovarian follicular development depends on the
delicate balance between pituitary gonadotropic
hormones and locally and peripherally produced
factors. These factors include transforming growth
factor beta, insulin-like growth factor, leptin, and

adiponectin factors. (8-12). Active T3 (3,3, 5-
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triiodothyronine) functions as a peripheral factor by
enhancing the effect of follicle-stimulating hormone
(FSH), a gonadotropic hormone, on follicle growth
(13). FSH and T3 exert their effects on follicular
by
proliferation and inhibiting apoptosis through the
activation of the PI3K/Akt pathway (14).

development stimulating  granulosa cell

Hypothyroidism is a common health condition (15). Its
prevalence increases with age and is also 5-10 times
more common in women than in men (16). Although
hyperthyroidism has a relatively high incidence in
women, there are only a few studies that address the
of elevated TH

concentrations in neonatal female reproductive system

effects (thyroid hormone)
development, despite its overall prevalence being
around 1% (17). For example, Soliman and Reineke
have shown that mild thyroid stimulation in young
female mice delayed the age of vaginal opening and
accelerated the onset of estrus cycles compared to
healthy thyroid control group. The ovaries of these
hyperthyroid mice contain multiple growing follicles
and corpus luteum (18).

The effects of thyroid hormone (TH) deficiency on
ovarian follicular development are typically studied in
animal models using propylthiouracil (PTU) as a
goitrogen. However, long-term PTU treatment has
been associated with various adverse effects, including
(19). The

administration of PTU during pregnancy often leads to

agranulocytosis and hepatotoxicity
preterm birth. As a result, treatment is typically
initiated at the time of birth and discontinued before
the offspring reach adolescence (20,21). These studies
demonstrate that neonatal hypothyroidism in rats
leads to a delay or even complete inhibition of vaginal
opening and sexual maturation. It also results in
smaller ovaries with fewer antral follicles and more
atretic follicles (20).

Thyroid hormone can act as an oxidant and induce
DNA damage (22). Reactive oxygen species (ROS) are

continuously generated in cells as a result of both

biochemical reactions and external factors (23). It is
increasingly understood that ROS, when present in
physiological amounts, play an important signaling
role in cells (24). Indeed, regulated production of ROS
is necessary for the initiation of the first meiotic
division of the primary oocyte (25). This indicates that
ROS serves as an important mediator during ovulation
(24,26). Reducing ROS production is necessary during
the secondary meiotic division, demonstrating the need
for a balance between ROS production and cellular
ROS defense. Disruption of cellular antioxidant
defenses, especially with mitochondria playing a
significant role as a source, can lead to oxidative stress
and associated pathologies (27).

It is not clear that chronic hypothyroidism affects the
expression of proteins associated with ovarian redox
balance and cell survival. The reduced plasma TH
concentration affects the ovarian follicular reserve and
ovulation. We believe that there is a relationship
between oxidative stress and ovarian reserve. To
evaluate this hypothesis, the relative expression of Bcl-
2, Caspase-3, NF-kB, mTOR, P2X7R, IL-1, TNF-alpha,
mTOR, and oxidative parameters will be examined at

the end of the experiment.

Materials and Methods

Animal Procedure: Ethical approval for the study
was obtained from the Ataturk University Animal
Experiments Local Ethics Committee. A total of 36
twelve-week-old  Sprague-Dawley female rats,
weighing between 200 and 250 grams, were procured
from the Ataturk University Experimental Research
and Application Center. Before commencing the
experiments, the animals were acclimated to their
environment and then divided into groups. Throughout
the study, the rats were provided with water and pellet
food ad libitum. The animals were kept in laboratory
conditions with a 12-hour light/dark cycle, at a
temperature of 21-23°C, and a relative humidity of 45-

50% during the experiments.
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Animal Grouping: For the experiment, three groups
were formed, each consisting of 12 rats. The initial
weight measurements of the animals were conducted
on the day the experiment commenced, and
subsequently, they were weighed at consistent weekly

intervals throughout the study.

Experimental groups: No drug treatment was
administered to the Control group. In the Hypothyroid
(HT) and Treatment groups (LT), a 0.05% PTU (6-
propyl-2-thiouracil) (Sigma, P3755) solution was
freshly prepared daily and administered by mixing it
into the drinking water for eight weeks to induce a
hypothyroid model (28,29). Treatment Group (LT):
The rats were administered 0.05% PTU, freshly
prepared daily, by mixing it into their drinking water
for a duration of eight weeks. Once the hypothyroidism
model was successfully induced, the rats received a
subcutaneous daily dose of 0.8ug/100g L-thyroxine

(Santa Cruz, sc-207813A) for ten consecutive days (28).

Surgical Procedures: To conclude the experiment,
the animals were intraperitoneally anesthetized with
100 mg/kg ketamine and 15 mg/kg xylazine. They were
euthanized by decapitation, and ovarian tissues were
then Tissues for

extracted. designated

histopathological examination were promptly

immersed in a 10% formaldehyde solution.

Histopathological Analysis: The obtained ovarian

tissues were fixed in 10% naturally buffered
formaldehyde solution for 24 hours, then passed
through a graded alcohol series, cleaned with xylene,
and embedded in paraffin blocks. Blocks were cut to a
thickness of 5 um and stained with Crossman Modified
Triple staining for histopathological evaluation. The
slides were evaluated by photography with a Trinocular

Microscope (Zeiss, Axio1, German).

Biochemical Analyzes in Ovarian Tissues: After
the experiment was terminated, ovarian tissue samples
taken from rats in each group (n: 6) were ground using

the TissueLyser II grinding set (Qiagen, Hilden,

Germany). 50 mg of each of the tissue samples ground
into 2mL Eppendorf tubes will be taken and
homogenized in 1 mL of phosphate buffer (100 mM, pH
7.0) using the TissueLyser II grinding set (Qiagen,
Hilden, Germany). After the homogenization process,
the samples will be centrifuged, and superoxide
dismutase (SOD) activity, lipid peroxidation levels
(LPO), and glutathione (GSH) levels will be measured

from the supernatant sections.

Measurement of Superoxide Dismutase
Enzyme Activity in Ovarian Tissues: Superoxide
dismutase (SOD) activity in ovarian tissue tissues was
determined by Sun et al (30). According to the protocol
of this experiment, 50 mg of tissue was homogenized
with 1 mL phosphate buffer (0.1 mM, pH 3) and then
centrifuged at 18000xg for 60 min. After pipetting 500
uL supernatant and 2450 pL measurement mixture
(0.3 mM xanthine, 0.6 mM EDTA, 150 uM NBT, 0.4 M
Na2CO03, 1.2 g/L BSA) and 50 ul xanthine oxidase into
the tubes prepared for each sample, from the
supernatant obtained after centrifugation. Then it was
incubated for 20 minutes. At the end of the incubation
period, 100 pL CuCl2 (0.8 mM) was pipetted to stop the
reaction. The absorbance of the formazone dye formed
due to the reaction was measured at 560 nm. All
samples were studied in three replicates, and the
results were calculated from the prepared SOD
standard chart and expressed as nM/minute/mg

tissue.

Measurement of Total Glutathione (GSH)
Levels in Ovarian Tissues: Total glutathione level
in ovarian tissues was determined using a modified
version of the method developed by Sedlak and Lindsay
(1968)(31).
experiment, 50 mg of tissue was homogenized with 20
mM EDTA, 1 mL Tris-HCI (50 mM, pH 7.4), and then
centrifuged at 12000xg for 4 min. From the

According to the protocol of this

supernatant obtained after centrifugation, 500 pL

supernatant, 1500 uL Tris-HCl (200 mM, pH 8.2), 100
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uL DTNB, and 7900 uL methanol were pipetted into
the capped tubes prepared for each sample. After
pipetting, they were incubated at 37 °C for 30 minutes,
and then their absorbance was measured at 412 nm. All
samples were studied in three replicates, and the
results were calculated from the prepared GSH

standard graph and expressed as nmol/g tissue.

Measurement of Lipid Peroxidation (LPO)
Levels in Ovarian Tissues: Lipid peroxidation level
in ovarian tissues was determined by Ohkawa et al(32).
According to the protocol of this experiment, 50 mg of
tissue will be homogenized with 4.5 mL KCl (10%).
After the homogenization process, it was centrifuged at
5000xg for 20 minutes. From the supernatant obtained
after centrifugation, 250 pL supernatant, 100 pL
sodium lauryl sulfate (8%), 750 uL acetic acid (20%),
750 uL TBA (0.8%), and 150 pL distilled water were
added into the capped tubes prepared for each sample.
Pipetted. Following the pipetting process, it was mixed
with the help of a vortex and incubated in a shaking
water bath at 100 °C for 60 minutes. At the end of the
incubation period, the sample tubes were cooled to
room temperature under tap water. After cooling, 2.5
mL of n-butanol: pyridine (15:1) was pipetted and then
centrifuged at 4000xg for 30 min, and then the
absorbance was measured at 532 nm. All samples were
studied in three replicates, and the results were
calculated from the prepared MDA standard chart and

expressed as nmol/g tissue.

Western Blot Analysis: The tissue samples were
homogenized using a tissue lyser device (Qiagen, USA)
at 30 Hz for 30 sec to the extraction of proteins for
western blot analysis after being weighted and crushed
in nitrogen gas, treated with
radioimmunoprecipitation (RIPA buffer, Ecotech Bio,
Turkey), supplemented with protease and phosphatase
inhibitors, and treated with protease and phosphatase
inhibitors. The relative protein expressions of Bcl-2,

Caspase-3, P2X7R, mTOR, IL-1[3, and TNF-a were then

determined by quantifying the proteins using a
commercial kit (Pierce BCA, Thermo Sci., USA). The
protein loaded membranes were incubated at 4 °C
overnight with the appropriate primary antibodies
((TL-1PB (sc-52012, Santa Cruz), TNF-a (sc-52746, Santa
Cruz), P2X7R antibody (11144-1-AP, Proteintech),
Caspase-3 (sc-56053, Santa Cruz), Bel-2 (sc-7382,
Santa Cruz), NfkB-p65 (AF5006, Affinity biotech) and
mTOR (AF6308, Affinity Biotech), and Beta-actin (sc-
47778, Santa Cruz). secondary antibody. After primary
antibody incubation, the PVDF membranes were
washed with TBST and then incubated for 90 minutes
at room temperature with the second antibody (Santa
Cruz, sc-2004/sc-2005) coupled to horseradish
peroxidase. Then, the protein bands were captured
using the enhanced chemiluminescence reagent
Western ECL substrate (Thermo, 3405), visualized,
and analyzed by Image Lab™ Software (Bio-Rad,

Hercules, CA, USA).

Statistical Analysis: The analyses were performed
depending on whether the data were parametric or not.
While the Shapiro-Wilk test was used to determine the
normality of data distributions, the homogeneity of
variance of the groups was determined by the Levene
test. One-way analysis of variance was used for data
that met parametric assumptions, and Mann Whitney
U test was used for multiple comparisons if the Kruskal
Wallis test was significant for data that did not meet
parametric assumptions. SPSS (IBM SPSS Statistics

Desktop 20.0) program was used while performing the

tests.

Results

Histopathological Evaluations: In the
histopathological examination performed in the

control group, follicles and corpus luteum of different
sizes and periods were detected in the cortex and were
observed to be normal. The germinal epithelium was
normal and regular (Figure 1 a). In the hypothyroid

group, it was observed that the vessels were severely
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dilated, there were many atretic and irregular follicles,
and the germinal epithelium was irregular and

damaged (Figure 1 b). In the treatment group, it was

observed that atretic and irregular follicles decreased,
the deterioration in vascular structures was less, and

the germinal epithelium was regular (Figure 1c).

epithelium, Arrow; atretic follicle, v; dilated vein. Crossman Modified Triple Staining, Magnification 200X.

When the numbers of antral follicles were compared
among the three groups, a significant difference was
observed (Table 1).

Table 1. Antral follicle count by group in sections evaluated
after H&E staining.

Left Ovary Right Ovary
Antral follicle Antral follicle
CONTROL | M +£SD  6,71+1,25 5,14+1,77
LT M +SD  3,43£0,98 2,85+1,07
HT M+SD 2,14+0,81 1,28+0,95
P-VALUE M +£SD 0,001 0,001

Mean (M), Standard Deviation (SD)

Biochemical Results: In the ovarian tissue
biochemical analysis, the SOD activity was higher in the
Control and LT groups but dramatically decreased in
the HT group (p<0.05). GSH levels were higher in the
Control and LT groups but slightly decreased in the HT
groups (p>0.05). Tissue MDA level was higher in the
HT group but significantly reduced in the Control and
LT groups (p<0.05). The levels and comparisons of

tissue biochemical analysis are presented in Table 2.

Table 2. Tissue biochemical analysis results for all groups:
Superoxide dismutase (SOD), Glutathione (GSH), and

Malondialdehyde (MDA).
Sod Gsh Activity =~ Mda Level
Activity (Mm/ Mg (um/Mg
(u/M1) Protein) Protein)
CONTROL | 21.44+4.232 7,05+2.152 2,11+0.562
LT 19,33+3.212  6,60+2.452 2,06+0.442
HT | 771135 5,55t143°  3,55:0.77°

The letters (a,b) indicates the statistical differences among the
groups, p<0.05 accepted.

Western Blot Results: In the analysis of relative
protein expressions, Caspase-3, mTOR, P2X7R, NfkB,
IL-1B, and TNF-a levels lower in the Control and LT
groups, but the relative protein expression of Caspase-
3, mTOR, P2X7R, NfkB, IL-1, and TNF-a were found
as higher in the HT group. The protein expression of
Bcl-2 level was found higher in the Control and LT
groups but increased in the HT group. The bands and
levels of relative protein expressions for all groups are

presented in the Figure 2.
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Figure 2. The analysis of relative protein expressions, Caspase-3, mTOR, P2X7R, NfkB, IL-13, and TNF-a levels.

Discussion

In this study, ovarian tissue damage, oxidative stress
level and apoptotic activity were analyzed in detail in
adult female rats exposed to chronic hypothyroid
conditions for a long time. In hypothyroid ovaries,
tissue damage, decreased follicle reserve, and oxidative
and activity  increased

parameters apoptotic

significantly compared to controls. Decreased
antioxidant levels and increased apoptotic activity in
the hypothyroid group probably lead to a decrease in
follicle reserve through cellular damage.

When experimental hypothyroidism is induced in

female rats, degenerative changes occur in their

ovaries, and the estrous cycle is altered (33). In the
conducted studies, untreated mature hypothyroid rats
were observed to have no signs of estrus and no
ovulation. Histological examination showed that most
follicles were atretic, and corpus luteum was not
observed. Gonadotropin treatment triggered ovulation,
but the number of eggs ovulated was lower than that in
normal control groups. These findings were consistent
with the results of previous studies on hypothyroid rats
and chickens, demonstrating that hypothyroidism
inhibits follicular development and ovulation (34,35).
In the ovaries of animals treated with PTU, compared

to rats not treated with PTU, there were more
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secondary follicles and fewer antral follicles, while non-
atretic antral follicles were smaller, and the number of
atretic follicles was higher. However, corpus luteum
was not observed. This indicates that folliculogenesis is
disrupted, and this disruption is related to the
diameters of antral follicles (20). In another study
aiming to investigate the effects of long-term
hypothyroidism on ovarian follicle reserve in adult rats,
the total number of follicles in each ovarian was
determined. Hypothyroid females showed an
approximate 60% decrease in primordial follicle count
compared to age-matched control groups after 16
weeks of hypothyroidism. Additionally, a roughly 40%
reduction in primary and preantral follicle counts
compared to control groups was observed in
hypothyroid rats, and there was a noticeable decreasing
trend in antral follicle counts, although this decrease
was not statistically significant. Consistent with these
observations, there was a decreasing trend in the total
number of Corpus Luteum (CL) per ovarian in
hypothyroid females, but this decrease was also found
not to be statistically significant (36). The findings
observed in the hypothyroid group were quite
pronounced. In this group, there was a significant
dilation of blood vessels and the presence of numerous
atretic follicles and irregularly shaped follicles.
Additionally, the germinal epithelium was irregular
and damaged. These results appear to be in line with
other studies in the literature. Previous research has
also demonstrated that hypothyroidism leads to similar
changes in ovarian tissue and has adverse effects on
follicular development. Therefore, the findings of our
study contribute to the broader context of evaluating
the effects of hypothyroidism on ovarian tissue and
demonstrate consistency with previous research.

It is known that antioxidant levels in the serum can
decrease in the case of hypothyroidism. This decrease
has been observed to weaken the body's protective
abilities against reactive oxygen species (ROS) and

increase oxidative stress (37). Specifically, hypothyroid

individuals have been observed to have low levels of
antioxidant enzymes such as superoxide dismutase
(SOD), catalase (CAT), and thioredoxin reductase
(Txnrd1) (38). It is known that excessive TSH directly
increases oxidative stress (OS) (39). Other studies have
confirmed increased lipid peroxidation in overt
hypothyroidism and subclinical hypothyroidism,
demonstrated by elevated levels of MDA. Protein
oxidation has also been reported, with increased levels
of protein carbonyls observed (40). The correlation
analysis conducted in this study suggests that both the
increase in TSH and the elevation in MDA contribute
to protein damage. Finally, various studies have
reported increased levels of NO (41,42). In the
biochemical analysis of ovarian tissue, SOD activity
was higher in the Control and LT groups but
dramatically decreased in the HT group. GSH levels
were higher in the Control and LT groups but showed a
slight decrease in the HT group. Tissue MDA levels
were higher in the HT group but significantly decreased
in the Control and LT groups. These findings appear to
be consistent with similar studies in the literature and
support that hypothyroidism leads to increased
oxidative stress and reduced antioxidant activity in
ovarian tissue.

This study, by showing increased IL-1f levels
associated with subclinical hypothyroidism (SH), a
subclinical form of hypothyroidism, has obtained
results consistent with similar findings in the literature.
This suggests that hypothyroidism may increase
inflammation markers and emphasizes the need for
further research in this area. In conclusion, increased
serum IL-1[ levels were observed in rats with SH (43).
In our study, levels of Il1-1f and TNF-a, which are
inflammation parameters, were high in the
hypothyroid group.

The results of this study conducted on ovarian tissue
are consistent with previous research on
hypothyroidism and Bcl-2 in the literature. Other
in the literature have

studies suggested that
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hypothyroidism can affect Bcl-2 gene expression and
that this effect can regulate cellular apoptosis.
Therefore, the findings of this study confirm the impact
of hypothyroidism on Bcl-2 in line with these literature
data. In the hypothyroidism model created with
methimazole, an increased autophagic process has
been detected in the cerebellum. Additionally, it has
been observed that the levels of p-AKT/AKT, p-
mTOR/mTOR, and p-ULK1/ULK1 in the cerebellum
have decreased due to hypothyroidism (44). In the
same study, it was also observed that hypothyroidism
led to an increase in c-Caspase-3 and TUNEL-positive
(apoptotic) cell counts in cerebellar neurons (44). Our
results show that while Caspase, NFKB, and mTOR
protein expressions were increased in the hypothyroid
group, the increase in apoptotic activity is compatible
with findings previously reported in the literature.

In light of the results, this study shows that long-term
mild hypothyroidism causes ovarian damage, oxidative
stress, inflammation, and apoptosis, which may

negatively affect fertility.
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