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Background: To investigate the change in hypothalamic kisspeptin-1 (Kiss1) expression during the development of polycystic ovary
syndrome (PCOS) and hypoglycemic drug intervention.

Methods: Letrozole lavage was used to construct a polycystic ovary rat model. After successful modeling, we treated PCOS rats with
metformin, pioglitazone, and acarbose, and we then observed changes in weight, estrus, glucose tolerance, insulin resistance, sex
hormones, and hypothalamic kiss1 expression.

Results: PCOS rats exhibited increased body weight, abnormal estrous cycle, impaired glucose tolerance, insulin resistance, increased
testosterone level, increased luteinizing hormone level, and increased Kissl expression in the hypothalamus. However, intervention
with metformin, pioglitazone, and acarbose improved the reproductive and metabolic disorders as well as reduced hypothalamic Kiss1
expression.

Conclusion: The expression of hypothalamic Kissl may play an important role in the pathogenesis of PCOS. Metformin,
pioglitazone, and acarbose may reduce the expression of hypothalamic Kissl by improving insulin resistance, thereby improving
reproductive and metabolic disorders in PCOS rats.
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Introduction

Polycystic ovary syndrome (PCOS), first discovered by Stein et al in 1935, is a relatively common reproductive
endocrine disease among women of reproductive age, and it has become the main cause of female infertility.
Currently, approximately 6%-20% of women worldwide suffer from PCOS." Patients mainly present with hyperandro-
genemia (HA), ovulation failure, ovarian polycystic changes, and insulin resistance (IR). Among them, hyperandrogen-
emia and insulin resistance are important mechanisms for the occurrence and development of PCOS.? Because studies
have shown that approximately 60%-70% of PCOS patients have abnormal glucose metabolism,’ improving insulin
resistance has become a significant goal of PCOS treatment.

Currently, clinical drugs for improving insulin resistance mainly include metformin, pioglitazone, inositol, and
acarbose, among which metformin is the hypoglycemic drug recognized by most guidelines for treatment. Metformin
inhibits hepatic glucose output, improves peripheral tissue sensitivity to insulin, increases the ovulation rate, and reduces
androgen levels in PCOS patients, but the specific mechanism of action is unclear.* At the same time, some scholars have
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also found that pioglitazone significantly improves ovulation dysfunction in PCOS patients compared to metformin,
which may be related to the changes in the peroxisome proliferation-activated receptor-y (PPAR-y) gene in PCOS
patients. Pioglitazone relieves insulin resistance by activating PPAR-y to affect gene transcription related to glucose and
lipid metabolism.>® In addition, the Chinese guidelines for the diagnosis and treatment of PCOS in 2018 proposed that
acarbose, as an alpha glycosidase inhibitor, not only reduces and slows the intestinal absorption of glucose but also
increases insulin sensitivity, rectifies lipid metabolic disorders, and advances gastrointestinal function. Previous studies
have also shown that acarbose adjusts the menstrual cycle of obese PCOS patients and that it can be used for the
treatment of metabolic disorders in PCOS patients.”®

Due to the clinical heterogeneity of PCOS, its etiology and mechanism need further exploration, among which the
role of the hypothalamic-pituitary-ovarian axis (HPG) cannot be ignored. Hypothalamic gonadotropin-releasing hormone
(GnRH) neurons secrete GnRH, which promotes the adenohypophysis to secrete luteinizing hormone (LH) and follicle-
stimulating hormone (FSH) as well as acts on gonads.” Increased GnRH and LH pulse frequency as well as decreased
FSH in PCOS patients may affect the ovaries, resulting in increased androgens and impaired follicular development.
These changes lead to the clinical characteristics of PCOS patients, such as crinosity, acne, menstrual disorders, and
infertility.'® It is currently believed that kisspeptin encoded by the Kiss-1 gene is an important factor for the increased
GnRH/LH pulse frequency.'"'? Kiss1 neurons are mainly distributed in the hypothalamus arcuate nucleus (ARC) and the
anterior paraventricular nucleus (AVPV). Secreted kisspeptin binds to G-protein-coupled receptor 54 (GPR54, also
known as Kiss-1r) in GnRH neurons, thus activating GnRH neurons to secrete GnRH. Several studies have shown
that the expression of kisspeptin in PCOS patients is significantly higher than that in normal individuals."® Recent studies
have also found that Kiss-1r gene knockout (KO) mice show increased obesity and decreased energy expenditure,
indicating that kiss1 plays a direct role in regulating energy balance and metabolism. Therefore, kiss1 is considered a new
link between energy metabolic balance and reproductive function.'*'?

In the present study, we used a letrozole-induced PCOS rat model and administered metformin, pioglitazone, and
acarbose. The aim of the present study was to determine whether the metabolic and reproductive disorders of PCOS rats
are improved and whether the expression of kiss1 in the hypothalamus is changed to further verify the role of kissl in
energy metabolism and reproductive function as well as to provide a more reliable theoretical basis for the clinical
treatment of PCOS patients.

Materials and Methods

Animals

A total of 62 healthy with normal motility cycles female Sprague—Dawley rats (5—6 weeks old and approximately 170 g)
were purchased from the Animal Center Institution of Anhui Medical University. The rats were housed and maintained in
a room at 18-22 °C with a humidity of 60-80% with 12 hours of light per day. All rats were given access to feed and
water ad libitum.

Main Reagents

Letrozole (100 mg/bottle; Shanghai Macklin Biochemical Co., Ltd.), metformin (0.5 g/tablet; Sino-American Shanghai
Squibb Pharmaceuticals Co., Ltd.), pioglitazone (15 mg/tablet; Tianjin Takeda Pharmaceutical Co., Ltd.), acarbose
(50 mg/tablet; Bayer Healthcare Co., Ltd.), Kiss-1 antibody (Abbiotec, USA), Kiss-1 Fluorescence In Situ
Hybridization Kit (Boster Biological Technology Co., Ltd.), and ELISA kits (R&D Systems, USA) were used in the
present study.

Main Instruments

Blood glucose meter (Roche Diagnostics GmbH, Germany), paraffin slicer (Leica, Germany), tissue-embedding machine
(Anhui Electronics Research Institute), fluorescence microscope (Nikon, Japan), and binocular microscope (Olympus
Corporation, Japan) were used in the present study.
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Model Establishment of PCOS Rats and Intervention

After 3 days of adaptive rearing, rats were numbered from light to heavy according to their body weight and grouped by
complete randomization (All potential confounders are controlled). Rats were randomly divided into two groups as
follows: blank group (n=15) and model group (n=47). The PCOS rat model was generated by intragastric administration
of letrozole'® (1 mg/kg of body weight dissolved in 1% CMC solution for 28 consecutive days, given daily). The rats in
the blank group were given equal amounts of 1% CMC solution by intragastric administration for 28 consecutive days.
After 28 days, 12 rats in the model group and 6 rats in the blank group were randomly selected and euthanized to observe
their ovarian morphology and structure to evaluate the success rate of the model. Due to gavage injury, one rat in the
blank group and three in the model group died unexpectedly. The remaining rats in the model group were divided
randomly into the following four groups for drug intervention: metformin group (n==8), pioglitazone group (n=8),
acarbose group (n=8), and letrozole group (n=8). The metformin, pioglitazone, and acarbose groups were given
metformin (300 mg/kg of body weight dissolved in NS'7), pioglitazone (5 mg/kg of body weight dissolved in NS'®),
and acarbose (60 mg/kg of body weight dissolved in NS'?), respectively, by gavage daily for 21 consecutive days. During
the same period, the letrozole group and blank group (n=8) were given an equal amount of NS daily for 21 consecutive
days.

Rat Body Weight
During the modeling period and intervention period, the rats were weighed once every 7 days, and the weight change was
calculated using the following formula: weight change = (final weight — beginning weight) / beginning weight) * 100%.

Rat Estrus Cycle

We monitored the estrus cycle from Day 19 to Day 28 after modeling and from Day 12 to Day 21 after the intervention.
We observed the vaginal smear cells from each animal under a light microscope and determined the cycle as diestrus
(predominantly leukocytes), proestrus (predominantly epithelial cells), estrus (predominantly keratinocytes), or metestrus
(epithelial cells, keratinocytes, and leukocytes all visible) based on the shape and density of the cells.

Glucose Tolerance and Area Under the Curve

After the last medication intervention, the rats were fasted for 12 hours, and their body weight and fasting blood glucose
were measured. After intraperitoneal injection of 50% glucose solution (4 mL/kg of body weight), blood glucose was
measured at 15, 30, 60, and 120 min. The area under the curve (AUC) values for glucose tolerance were then calculated.

Collection of Blood and Soft Tissue Samples

The abdominal skin and muscles were cut out layer by layer to expose the bilateral ovaries after anesthetizing with 3%
sodium pentobarbital (i.p.). The left ovary was conventionally embedded with paraffin and stained with hematoxylin and
eosin to observe the ovarian histological morphology. The right ovary was weighed, and the ovarian index was calculated
using the following formula: ovarian index (mg) = [ovarian weight (mg) / body weight (g)] x 100%). The right ovary was
stored at —80 °C for later use. Blood samples were immediately collected from the heart through needle aspiration, and
serum samples were isolated by centrifugation at 3000 x g for 15 minutes and stored at —80 °C until measurement. After
cardiac perfusion with 150 mL of NS and 150 mL of 4% paraformaldehyde, the brains were removed. Brains were
incubated in 4% paraformaldehyde + diethylpyrocarbonate (DEPC, 1:1000) overnight followed by sequential incubations
with 10% sucrose solution + DEPC (1:1000), 20% sucrose solution + DEPC (1:1000), and 30% sucrose solution + DEPC
(1:1000). After completing the above steps, the hypothalamus was embedded in paraffin, and serial coronal sections at
S-um thickness were cut using a cryostat. The sections were collected in cryoprotectant solution and stored at —20 °C
until immunohistochemistry (IHC) and fluorescence in situ hybridization (FISH) were performed.
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Measurements of Hormones and Insulin

The serum levels of testosterone, LH, FSH, progesterone, estradiol, and insulin were measured using enzyme-linked
immunosorbent assay kits according to the manufacturer’s instructions. The Homeostatic Model Assessment for Insulin
Resistance (HOMA-IR) was then calculated using the following formula: HOMA-IR = fasting blood glucose level (FBG)
* fasting insulin level (FINS)/22.5.

Immunohistochemistry

3—4 sections of the ARC (approx. AP —1.70 to —4.00 mm from Bregma) were used*® For routine dehydration of paraffin
sections, the sections were immersed in the following solutions: two times (15 minutes each) in xylene, two times (5
minutes each) in 100% alcohol, one time in 90% alcohol (5 minutes), one time in 80% alcohol (5 minutes), one time in
70% alcohol (5 minutes), and one time in distilled water. The sections were removed and immersed in 500 mL of citrate
repair solution, heated for 10 minutes, cooled for 5 minutes, reheated for 5 minutes, and cooled to room temperature. The
sections were then rinsed three times (3 minutes each) in 0.01 M PBS, incubated in 3% H,O, for 25 minutes at 37 °C,
and rinsed three times (3 minutes each) in 0.01 M PBS. After washing, the sections were incubated at 4 °C overnight
with anti-Kiss 1 rabbit polyclonal primary antibody (1:100, 50 pL/section) and then rewarmed at 37 °C for 20 minutes
followed by three washes in 0.01 M PBS (5 minutes each). Next, the sections were incubated with HRP polysome-
labeled goat anti-rabbit IgG secondary antibody at 37 °C for 20 minutes (50 pL/section) and then rinsed three times (5
minutes each) in 0.01 M PBS (negative control was set up during the experiment). The sections were sequentially stained
with 3.3'-diaminobenzidine (DAB) for 15 seconds (the degree of staining was observed under a microscope), rinsed with
running water, stained with hematoxylin for 2 minutes, and rinsed with running water for 15 minutes. Finally, the
sections were dehydrated, placed on polylysine-treated glass slides, sealed with neutral gum, and imaged under
a microscope. Kissl-positive neurons in each section were counted using Imagel.

Fluorescence in situ Hybridization

3—4 sections of the ARC (approx. AP K1.70 to K4.00 mm from Bregma) were used. Paraffin sections were dewaxed in
water as previously described, treated with 3% citrate pepsin, reacted at room temperature for 20 min, washed three times
(5 minutes each) with PBS, washed once with distilled water (2 minutes), fixed with 4% paraformaldehyde/0.1 M PBS+
DEPC (1:1000) for 5 min, and then rinsed three times with distilled water. This process exposed the kiss-1 mRNA
nucleic acid fragments, and multiple oligonucleotide probes against the rat Kissl gene (5'-ATG CCT GGC AAA AGG
GCC CGC GGT ATG CAG AGA GC-3"; 5'-ACC AGC GGC CCC CGT GTG CCA CCC GCA GTC GCC TG-3'; and
5'-GCT ACG GCA GGA GGC AGG TGG CGC GGG CGG CAC GG-3') were used for the detection of Kiss] mRNA.
The sections were placed in a humidified hybrid box and incubated with prehybridization solution (20 pL/section) for 4
hours at 38 °C followed by incubation in hybridization solution (20 puL/section) overnight at 38 °C. The sections were
then washed two times (5 minutes each) with 2x saline-sodium citrate (SSC), washed one time with 0.5x SSC for 15
minutes, and washed two times with 0.2x SSC for (15 minutes each), and then immersed in a blocking solution for 20
minutes at 37 °C. The sections were then incubated with a biotinylated mouse anti-digoxigenin antibody for 120 minutes
at 37 °C. The sections were then sequentially washed four times (5 minutes each) with PBS. Following these steps, the
sections were incubated in SABC-FITC+ PBS (1:100) for 30 minutes at 37 °C and then washed three times (5 minutes
each) with PBS. Finally, the sections were sealed with glycerol and observed by a fluorescence microscope. The average
optical density analysis of Kiss] mRNA expressed in each section was analyzed using Image].

Statistics

SPSS 26.0 was used for data analysis. All data were subjected to normal analysis, and all normal data are expressed as
the mean+SEM. One-way or two-way ANOVA was used for data comparisons among multiple groups, and Tukey post
hoc comparisons, Dunnett post hoc or Bonferroni post hoc comparisons were used for pairwise comparisons between
groups. The rank-sum test was used for nonnormally distributed data. GraphPad Prism was used to generate graphs, and
P < 0.05 was considered statistically significant for these analyses.
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Results
Letrozole Induces Weight Gain in PCOS Rats

During the modeling period, the weight of the model group increased from Day 15 compared to the blank group. There
was a significant difference in weight from Day 22 (P<0.05, as shown in Figure 1A), this difference increased with time
(P<0.01, as shown in Figure 1A). During the intervention of metformin, pioglitazone, and acarbose compared to the
letrozole group. Although the weights of the treated groups were lower than those of the letrozole group, the difference
was not statistically significant (P>0.05, as shown in Figure 1B), and there was no significant difference in body weight
after intervention (P>0.05, as shown in Figure 1C).

Metformin, Pioglitazone, and Acarbose Ameliorate Letrozole-Induced IR in PCOS

Rats

Compared to the blank group, the fasting blood glucose of the PCOS rats induced by letrozole was significantly higher
(P <0.001, as shown in Figure 2A). An intraperitoneal glucose tolerance test was performed in rats, which demonstrated
that the glucose tolerance in the letrozole group was impaired as manifested by a significant increase in blood glucose at
60 min after glucose injection compared to that in the blank group (P <0.001, Figure 2A). After drug intervention, the
glucose of rats in the pioglitazone group was significantly lower than that in the letrozole group at 15 min (P <0.001,
Figure 2A), and the FINS and HOMA-IR were also significantly decreased (P <0.05, P <0.001, as shown in Figure 2C
and D). Fasting blood glucose, FINS, HOMA-IR were significantly lower in the acarbose group compared to the
letrozole group (P <0.05, as shown in Figure 2A, C and D). Compared with the letrozole group, the metformin group
showed no significant difference in blood glucose at each point, but FINS and HOMA-IR were significantly decreased
(P<0.05, P <0.001, as shown in Figure 2C and D). The AUC values indicated that there was no significant change in the
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Figure | Changes and comparison of body weight of rats in different experimental groups. (A) Weight change between blank and model groups (n=14, n=44). Compared to
the blank group, #P < 0.05, #P <0.01, (B) the weight changes in the Letrozole group, metformin group, pioglitazone group and acarbose group, (C) the delta of weight
change in each group, n=8 for each group. Values were presented as the mean+SEM (Data were analyzed for statistically significant differences using two-way ANOVA
followed by Bonferroni post hoc test.).
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Figure 2 Comparison of glucose homeostasis in rats of different experimental groups. (A) Results of Intraperitoneal glucose tolerance test in each group, n=8, compared
with the blank group, P <0.01, compared with the letrozole group, *P<0.05, **P<0.01, Values were presented as the mean+SEM (The data are non-normally distributed
repeated measurements, Generalized linear estimating equation was used). (B) AUCs of rats in each group, n=8 for each group. Values were presented as the mean+SEM
(Data were analyzed for statistically significant differences using one-way ANOVA). (C) FINS of rats in each group, n=8 compared with the blank group, #P <0.05, compared
with the letrozole group, *P<0.05, **P<0.01, Values were presented as the mean+SEM (Data were analyzed for statistically significant differences using one-way ANOVA
followed by Dunnett post hoc test). (D) HOMA-IR of rats in each group, n=8. Values were presented as the mean+SEM (Data were analyzed for statistically significant
differences using one-way ANOVA followed by Tukey post hoc test) compared with the blank group, *#P<0.001, compared with letrozole group,**P<0.001.

blank group, letrozole group, metformin group, pioglitazone group, or acarbose group (P>0.05, as shown in Figure 2B).
These results showed that letrozole-induced IR in PCOS rats is improved by metformin, pioglitazone, and acarbose.

Metformin, Pioglitazone, and Acarbose Improve the Estrus Cycle in PCOS Rats

On Days 19-28 of the modeling period, the blank group and model group underwent vaginal exfoliation cell smears.
The blank group rats changed regularly in the order of proestrus — estrus — metestrus — diestrus, and each cycle
lasted 4 or 5 days (Figure 3). The model group lost the regular estrus cycle, which was manifested as a continuous
diestrus (Figure 3). These results indicated that letrozole disturbs the estrus cycle in rats, suggesting an ovulation
disorder.

On Day 12 of the drug intervention, vaginal smears were collected from the letrozole group, metformin group,
pioglitazone group, and acarbose group. The following phenotypes were observed: the letrozole group had
a continuous diestrus; the metformin group had an estrus cycle of 5-6 days; the pioglitazone group showed an
improved estrus cycle in the PCOS rats with gradual appearance of proestrus, estrus and metestrus; and the
acarbose group had an improved estrus cycle, but the cycle was irregular (Figure 3 and Table 1). These
observations showed that metformin and pioglitazone improve the estrus cycle disorder in PCOS rats and that
acarbose shows weak improvement of the estrus cycle.
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Estrus cycle changes in model group, presenting continuous diestrus. After the drug intervention, changes of estrus cycle of rats in each group (4 rats were selected for

demonstration.).
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Table | Comparison of Estrous Cycle and Ovary Morphology in Each Group

Blank Letrozole Metformin Pioglitazone Acarbose
Proestrus days (% of total) 22.50+3.66 (1 15.00+3.78* 16.25£3.75* 8.75+3.50
Estrus days (% of total) 23.75+1.83 0*# 20.00+3.78%+* 30.00+2.67 26.25+9.81%*
Metestrus days (% of total) 22.50%4.12 0 20.00+4.23* 25.00+4.23%* 26.25+3.75%*
Diestrus days (% of total) 31.25+2.27 100% 43.75£7.30%F* 28.75+3.98 38.7549.34%*
Number of proestrus followed by an estrus 1.38+0.26 0" 0.88+0.13* 1.00+0.19* 0.38+0.18
Number of antral follicles(n) 14.88+1.48 8.00£1.12% 14.25+£0.45* 14.75£2.41 12.88+1.71
Number of corpora lutea(n) 11.63+0.73 3.25£0.25%# 9.38+1.22%* 8.25+1.24* 9.25+1.24*
Number of follicular cysts (n) 3.00+0.54 25.88+2.98%# 4.88+0.74* 4.63+1.25%* 5.50£1.51*

Notes: Every 8 rats in each group was calculated. Values were presented as the mean+SEM (Estrous cycle, antral follicles, and follicular cysts were non-normal distributions.
Kruskal-Wallis rank-sum test was used. Corpora lutea were analyzed for statistically significant differences using one-way ANOVA followed by Dunnett post hoc test). #p <
0.05, #Pp<0.01, ##Pp<0.001 results which are significantly different versus Blank group. *P< 0.05, **P<0.01,%P<0.001| data are significantly different versus Letrozole group.

Metformin, Pioglitazone, and Acarbose Improve Ovarian Tissue Morphology and

Decrease the Ovarian Index in PCOS Rats

Although the ovaries of PCOS rats showed polycystic changes, we further verified the effect of modeling by observing
the morphology of ovarian tissue in 6 rats in the blank group and 12 rats in the model group. The ovarian surface of the
blank group rats was smooth with a soft texture. In the blank group, all levels of the follicles were visible under the
microscope, and the follicular walls were thinner (Figure 4). The ovarian surface of the model group rats was uneven
with a tougher texture, and follicles of different sizes were observed. In the model group, microscopic analysis showed
cystic dilated follicles with different diameters, and thecal thickening was also observed (Figure 4). In addition,
combined with the estrus cycle changes, the estrus cycle of rats was a continuous diestrus in the model group, indicating
establishment of a successful PCOS model.

After the drug intervention, the ovaries of rats in each group were collected. One ovary was weighed to calculate the
ovarian index, and the other ovary was stained with HE. Under a microscope, the ovaries in the letrozole group had cystic
expanded follicles of different sizes. Compared to the blank group, the corpora lutea number o in the letrozole group was
reduced, and the number of antral follicles was decreased (P<0.05, Table 1). After intervention, the number of antral follicles
and corpora lutea of PCOS rats in the metformin group was significantly increased, and the number of cystic follicles was
significantly reduced in the PCOS rats (P<0.05, Table 1). Although the pioglitazone group and acarbose group showed an
increased number of corpora lutea and a reduced number of cystic follicles, there was no significant difference in the number
of recovered antral follicles compared to the PCOS rats in the letrozole group (P>0.05, Table 1).

The ovarian index of rats in each group was calculated, which indicated that the ovarian index of rats in the letrozole
group was significantly increased compared to the blank group (P<0.01, Figure 5). After the intervention with metformin,
pioglitazone, and acarbose, there was no significant difference in the weight of rats compared to the letrozole group. The
ovarian index of rats in the metformin, pioglitazone, and acarbose groups was significantly decreased compared to the
letrozole group (P<0.05, Figure 5).

Effects of Serum Sex Hormones in Rats

The level of T was significantly higher in the letrozole group compared to the blank group (P <0.01, Figure 6A), which
was consistent with the HA of PCOS patients. After intervention with metformin, pioglitazone, and acarbose, the T level
was significantly decreased (P <0.01, Figure 6A). Compared to the blank group, the LH level in the letrozole group was
significantly increased (P <0.01, Figure 6B), similar to that in PCOS patients with a high LH pulse. Intervention with
metformin, pioglitazone, and acarbose reduced the level of LH (P <0.01, Figure 6B). In addition, the E2 level was higher
in the letrozole group compared to the blank group, but there was no significant difference (Figure 6C). The levels of
FSH and P were not significantly different among these groups (Figure 6D and E).
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Figure 4 Ovary morphology of rats in each group. (a) Ovary morphology of rats in the blank group (n=6), (b) Ovary morphology of rats in the model group (n=12). After
the drug intervention, morphological changes of ovarian tissue of rats in each group (100x, (c) Ovary morphology of rats in the blank group (n=8); (d) Ovary morphology of
rats in the Letrozole group (n=8); (e) Ovary morphology of rats in the pioglitazone group (n=8); (f) Ovary morphology of rats in the acarbose group (n=8); (g) Ovary
morphology of rats in the metformin group (n=8).).
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Figure 5 Comparison of ovarian index in each group, n=8 values were presented as the mean+SEM (Data were analyzed for statistically significant differences using one-way
ANOVA followed by Dunnett post hoc test). Compared with the blank group, *p< 0.01, compared with the Letrozole model group, *P< 0.05, *P< 0.0 **P< 0.001.

Metformin, Pioglitazone, and Acarbose Improve kiss| Gene Expression in the
Hypothalamus of PCOS Rat Models

Kiss-1 is mainly expressed in the hypothalamic ARC nucleus of rats. To explore the change of hypothalamic Kissl
expression and the number of Kissl-positive neurons, we detected the hypothalamus using fluorescence in situ hybri-
dization and THC methods respectively. We observed that the Kiss] mRNA levels and the number of Kissl-positive
neurons in the ARC of the PCOS rats in the letrozole group was significantly increased compared to the blank group
(Figures 7 and 8). In the metformin group, pioglitazone group, and acarbose group, the Kissl mRNA levels and the
number of Kissl-positive neurons were decreased compared to the letrozole group (Figures 7 and 8).

Discussion

Patients with PCOS often have reproductive dysfunction or endocrine and metabolic disorders as the first manifestation,
and patients with PCOS have a greatly increased risk of endometrial cancer, cardiovascular diseases, and psychological
diseases.”' Due to the complex pathogenesis and different clinical phenotypes of PCOS, PCOS treatment mainly focuses
on improving clinical symptoms. However, PCOS treatment should be adjusted according to the individual needs of
patients. Currently, the main treatment principles include lifestyle intervention, reducing androgen levels, promoting
ovulation, and improving insulin resistance. The benefits of improving insulin resistance are substantial. Metformin, as
a commonly used hypoglycemic drug, reduces androgen in PCOS patients, improves insulin resistance, and promotes
ovulation. However, the mechanisms of these actions are still unclear.”* Although pioglitazone and acarbose are first-line
hypoglycemic drugs, they are rarely used in the treatment of PCOS.

In this experiment, we successfully constructed PCOS rats with phenotypes of polycystic ovarian changes, disturbed
motility cycle, weight gain, insulin resistance, and hyperandrogenemia using letrozole by continuous gavage. PCOS rats
had increased ovarian index, significantly reduced antral follicles and corpus luteum, and replaced by cystic follicles of
various sizes. The estrus cycle of PCOS rats was also the persistent diestrus cycle in PCOS rats indicates persistent
anovulation, and metformin, pioglitazone, and acarbose may improve this reproductive disorder to varying degrees.
Previous studies have shown that insulin resistance and hyperandrogenemia interact in PCOS, and that insulin promotes

androgen secretion from the adrenal glands and regulates LH secretion.”> 2> The normal ovarian function requires
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Figure 6 Comparison of sex hormone levels in each group, n=8 values were presented as the mean+SEM. (A) Testosterone level of rats in each group (Data were analyzed
for statistically significant differences using one-way ANOVA followed by Tukey post hoc test); (B) Luteinizing hormone level of rats in each group (Data were analyzed for
statistically significant differences using one-way ANOVA followed by Dunnett post hoc test); (C) estradiol level of rats in each group (Data were analyzed for statistically
significant differences using one-way ANOVA); (D) follicle stimulating hormone level of rats in each group (Data were analyzed for statistically significant differences using
one-way ANOVA); (E) progesterone level of rats in each group (Date were non-normal distribution, Kruskal-Wallis rank-sum test was used). Compared to the blank group,
#p < 0.05, P <0.01, compared with letrozole group,* P <0.05,% P <0.001.

a certain level of androgens to be maintained, and excessive androgen levels can instead disrupt the balance required for
normal follicular development, thus altering early follicular growth and function.?® Similarly, hyperinsulinemia reduces
the ovulation rate of large follicles and thus reduces the fertilization of oocytes.”” We suggest that hypoglycemic drugs
can reduce insulin and androgen levels by improving insulin resistance in PCOS rats, resulting in a significant reduction
in cystic follicles and a return to some regularity in the estrous cycle in PCOS rats.

Clinically, LH and LH/FSH are elevated in patients with PCOS, and kiss-1 plays an important role in this process.
Kiss-1 has been demonstrated to stimulate the HPG axis by activating GnRH neurons in the hypothalamus,?® which
interferes with ovarian function by increasing LH secretion and contributing to excessive androgen secretion in ovarian
follicular endothelial cells, ultimately impeding follicular growth and reducing the chance of ovulation.?’ Several clinical
studies have shown elevated blood kisspeptin concentrations in PCOS patients compared to normal subjects.’®'
Moreover, the levels of kiss-1 in the hypothalamic ARC vary in previously developed animal models of PCOS.
Brown et al*? reported reduced Kiss] mRNA in the hypothalamus of PCOS rats constructed with a subcutaneous
implant of dihydrotestosterone. Matsuzaki et al*® used letrozole subcutaneous implants to construct PCOS rats with

increased Kiss-1 expression in the posterior hypothalamus. Both the previous studies and the present study successfully
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Figure 7 Comparison of kiss-1 positive neurons in hypothalamic arcuate nucleus of rats in each group. (A) Number of Kiss|-positive neurons in the ARC. n=8 values were
presented as the mean+SEM (Data were analyzed for statistically significant differences using one-way ANOVA followed by Tukey post hoc test). Compared to the blank
group, #P< 0.001, compared with letrozole model group,***P<0.001. (B-E) Representative photographs of Kiss|-positive neurons in ARC (The brownish-yellow granules
were positive for Kiss|, expressed in the cell membrane and cytoplasm); (B) Blank group (400x), (C) Letrozole group (400x), (D) Metformin group (400x), (E) Pioglitazone
group (400x), (F) Acarbose group (400x).

constructed PCOS rats with reproductive metabolism disorders similar to PCOS patients using letrozole induced by
continuous gavage, resulting in kiss-1 neurons in the arcuate nucleus of the hypothalamus of PCOS rats. We hypothe-
sized that the Kiss-1-GnRH-gonadotropin system may be involved in the pathogenesis of PCOS. Previous studies have
reported no difference in GnRH mRNA levels between letrozole-treated women and controls.®* Further suggesting that
the possible effect occurs upstream of GnRH neurons. In addition, upstream of the arcuate nucleus, kiss-1 neurons are
important in the GnRH pulse generation mechanism, and higher levels of kiss-1 have a stimulatory effect on GnRH pulse
output.

There is a clear link between metabolism and reproduction, and suppression of reproductive function is associated
with altered energy homeostasis. Previous studies have found that hypothalamic kiss-1 mRNA expression is suppressed
during energy deficiency,*~° suggesting that hypothalamic kiss-1/Kisslr may be involved in the regulation of energy
metabolism. Kiss-1 neurons are key integrators of peripheral sex hormones and metabolic signals,®” such as leptin,
insulin, or growth hormone-releasing peptide, which can act on or upstream of Kiss-1 neurons.*® Among them, insulin is
one of the main peripheral signals that transmit information about the body’s energy status to the hypothalamus. Insulin
cross the blood brain barrier, and stimulate the kiss-1 neurons in the hypothalamic ARC to secrete kisspeptin,*® In PCOS
patients, of whom the vast majority has glucose metabolism disorders, the relationship between kiss-1 and glucose
homeostasis has not been elucidated. In the present study, treatment of PCOS rats with glucose-lowering drugs
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Figure 8 Comparison of kiss-| mRNA-expressing in hypothalamic arcuate nucleus of rats in each group. (A) Comparison of Kiss| mRNA-expressing in ARC, n=8 values
were presented as the mean+SEM (Mean optical density analysis of sections was performed using ImageJ, and statistical analysis was performed using the Kruskal-Wallis rank
sum test because the data were non-normally distributed). Compared with the blank group, “#P< 0.001, compared with letrozole model group,*P<0.01,%¥P<0.001. (B-E)
Expression of cytosolic markers DAPI (blue fluorescence) and KiSSI mRNA (green fluorescence) in the ARC; (B) Blank group (400x), (C) Letrozole group (400x), (D)
Metformin group (400x), (E) Pioglitazone group (400x), (F) Acarbose group (400x).

Diabetes, Metabolic Syndrome and Obesity 2023:16 hetps: 2729

Dove!


https://www.dovepress.com
https://www.dovepress.com

Zheng et al Dove

significantly improved the reproductive disorders and IR in PCOS rats. Of interest, the kiss-1 neurons in the hypotha-
lamic ARC of rats and the Kiss-1 mRNA levels in the metformin, pioglitazone, and acarbose groups were reduced
compared to the letrozole group. Previous clinical studies have focused on the correlation between peripheral blood

kisspeptin levels and insulin resistance in patients with PCOS. Nyagolova et al*’

reported that kisspeptin levels are
positively correlated with HOMA-IR and fasting insulin concentrations in obese women with PCOS. Combined with the
results of our experiment, we found that hypoglycemic drugs can reduce the expression of kiss-1 in the hypothalamus
ARC of PCOS rats, suggesting that there is a disorder of the insulin-kiss 1-GnRH pathway in the letrozole-induced PCOS
rat model and that hypoglycemic drugs may be able to lessen such a disorder, which provides a new direction of research
on the central mechanism of the hypoglycemic drugs treatment of PCOS patients, and that the neuroendocrine axis,

which is involved in the constitution of Kiss-1, maybe a new locus of the treatment of PCOS.

Conclusion

The present study demonstrated that Kiss-1 expression in the hypothalamus may play an important role in the
pathogenesis of PCOS. Metformin, pioglitazone, and acarbose reduce Kiss-1 expression by improving insulin resistance,
thus improving reproductive and metabolic disorders in PCOS rats. Further studies on the interaction between the kiss 1/
Kisslr system and insulin resistance are needed to provide a solid foundation for the treatment of PCOS patients and
a new direction for the treatment of PCOS.
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