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health problems, such as cardiovascular disease, atherosclerosis, and
Keywords: diabetes. How is the potential of atherosclerosis for PCOS model
mice induced with testosterone propionate and high fat diet and

Hioh Fat Di AIEIheLOIS:CIGrosis high fructose? This research is important to conduct in order to
igh Fat Diet Hig ruclt)qse determine the potential of atherosclerosis for PCOS through the
PC gst observation on mice model of PCOS. This research employed Postest

Only Control Group Design method. Twenty female Rattus
norvegicus strain Wistar mice weighing between 100 and 130 grams,
aged 3 months, served as the samples. After observing estrous cycle,
15 mice were randomly chosen to be made PCOS model induced
with testosterone propionate 1mg/100 g BW/day intramuscularly
combined with high fat diet and high fructose. The treatment was
given on day 18, 21, and 24. Afterwards, the mice were sacrificed on
day 19, 22, and 25. After 12 hours of fasting the mice, the mice were
sacrificed and the coronary arteries attached to the heart were taken
to be made histological preparations. Then, the degree of
atherosclerosis potential was observed. Statistical analysis used One
Way Anova test with significance level of a=0,05. Data analysis was
performed using Statistical Product and Servive Solutions (SPSS)
program version 24.0 for Windows.
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INTRODUCTION

With a prevalence of 5-10%, polycystic ovarian syndrome (PCOS) is one of the leading causes of
chronic anovulation. Anovulatory infertility is a long-term result of PCOS (Begum et al., 2017; Kort,
D.H., Lobo, R.A., 2014). Several criteria are used to diagnose PCOS, one of which is the Rotterdam
criteria. PCOS is diagnosed if two of three indicators, anovulation, clinical and/or laboratory
hyperandrogenemia, and polycystic ovaries with ultrasound examination, are present, according
to the Rotterdam criteria (Abbara et al., 2019; Themes, 2016). PCOS has a long-term impact on
degenerative disorders like cardiovascular disease, atherosclerosis, and diabetes, in addition to
infertility (Teede et al., 2013). PCOS pathogenesis is still being investigated. Lipid metabolism
abnormalities, hereditary factors, poor insulin sensitivity, and oxidative stress are all frequently
linked to the pathophysiology of PCOS [(Bitla, 2014; Ebrahimi-Mamaghani et al., 2015; Zuo et al.,
2016). The study's objective was to determine whether PCOS might be a factor in atherosclerosis.
Testosterone propionate was used as an induction drug for PCOS in this trial, combined with a
high-fat, high-fructose diet. This research contributes to public awareness of the fact that
difficulties associated with polycystic ovary syndrome (PCOS) extend beyond reproductive health
and may manifest systemically, including atherosclerosis.

RESEARCH METHOD

20 female Rattus norvegicus Wistar strains were used, aged 3 months and weighing 100-130 grams.
Before the study began, an adaptation period was carried out for a week. Used female rats in
healthy condition, in normal behavior and normal vaginal swab results and are not pregnant and
have no anatomical abnormalities. All mice were kept in the same environment in plastic cages
measuring 40x30x10cm covered with woven wire. Mice were kept under the same conditions of
feed, water and lighting. On day 8, 20 animals were randomly selected for the treatment group.
Then the groups were divided randomly as follows (n = 5 animals): Normal group and 3 treatment
groups. Rat in the treatment group received testosterone propionate combained with High Fat Diet
and High Fructose group orally for 18, 21, and 24 days.

Beginning on day 8, testosterone propionate treatment in 0.5% CMC was administered
intramuscularly at a dose of 1 mg/100 g BW while a high-fat, high-fructose diet was also given as
needed. Following treatment, daily vaginal smear tests were performed and assessed using Giemsa
staining. When the estrus cycle undergoes a series of changes until persistent vaginal cornification
is reached, PCOS is said to have been established. Following group-based treatment, the rats were
given a 12-hour fast before having their blood pressure checked, having their hearts removed, and
having histological preparations made using hematoxylen-eosin. Additionally, images of
atherosclerosis in the aorta and coronary arteries were observed under a microscope with a
magnification of 40 x. Macrophages, foam cells, intracellular and extracellular lipid accumulation,
and atheroma images are histopathological indicators of atherosclerosis. Scores for atherosclerosis
are determined by how many signs of the disease are present, with criteria of "1" for barely
perceptible, "2" for moderately perceptible, and "3" for numerous in five fields of vision. For each
mouse, five slides were observed.

RESULTS AND DISCUSSIONS

Table 1. The Atherosclerosis scores in the control group and testosterone propionate - high-fat,
high-fructose diet (TP-HFHFD) treatment group

The coronary artery

Group The aort'1c atherosclerosis Body Weight after Weight Gain (g)
atherosclerosis score score treatment (g)
Control 0,00+0,00 0,00+0,00 173,00+34,76 6,25+1,89
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TP+HFHFD18 days 0,60+0,55 1,00+£1,00 214,40 £3,042 32,60+1,14abc
TP+HFHFD 21 days 1,20+0,482 2,00£1,222 221,20+2,382 39,60£1,6 2bd
TP+HFHEFD 24 days 1,40£0,892 2,40+1,512 226,60+2,887 45,40 4,272<4

Note: a: p<0,05 vs control; b: p<0,05 vs 24 days; c: p<0,05 vs 21 days; d: p<0,05 vs 18 days.

Table 1 displays the aortic atherosclerosis score, coronary artery atherosclerosis score, final
body weight, and weight gain. There appears to be a link between aortic atherosclerosis score and
both body weight and weight gain (r = 1, p<0.05). Body weight (r = 0.603; p< 0.05) and weight gain
are related to the score of a. coronary atherosclerosis (r = 0.532; p<0.05). The histology of the aortic
wall is shown in Figure 1, and the histology of the coronary arteries is shown in Figure 2.

Aorta 18 days Aorta TP 21 days

Figure 1. Features of atherosclerosis of the aortic wall At 40x magnification, 5 histological slices of aorta with

HE staining were examined. Histopathological hallmarks of atherosclerosis include macrophages, foam cells,

intracellular and extracellular lipid accumulation, and atheroma images. The score is calculated by counting
the number of slices that match the atherosclerosis image.

Figure 2. Hitology of artery coronary. At 40x magnification, 5 histological slices of aorta with HE staining
were examined. Histopathological hallmarks of atherosclerosis include macrophages, foam cells, intracellular
and extracellular lipid accumulation, and atheroma images. The score is calculated by counting the number of

slices that match the atherosclerosis image.

Polycystic ovary syndrome (PCOS) is a common reproductive endocrine disorder
characterized by obesity, hyperandrogenism, and insulin resistance (Al-Mahmood et al., 2014;
Altas et al., 2010; Davinelli et al., 2020). Adverse lipid profiles have also been observed in women
with PCOS, suggesting that these individuals may be at increased risk of coronary heart disease at
a young age (Atasayan & Yoldemir, 2021; Diamanti-Kandarakis & Dunaif, 2012). Intercellular
adhesion molecule-1 (ICAM-1) is a proinflammatory and proatherogenic cytokine associated with
atherosclerosis, insulin resistance, and cardiovascular disease (CVD). PCOS patients had higher
ICAM-1 expression values and serum levels. Among PCOS patients, T2DM patients had the
highest ICAM-1 expression values and serum levels compared to the IGT and NGT subgroups.
ICAM-1 expression and serum levels were significantly positively correlated with cardiovascular
risk and PCOS phenotype. Linear regression test showed that HOMA-IR was the main predictor of
serum ICAM-1 levels in PCOS (Andrade et al., 2016; Rashad et al., 2019).
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Insulin resistance and hyperandrogenemia are linked to the metabolic syndrome in PCOS,
which increases the risk of atherosclerosis developing early (Ebrahimi-Mamaghani et al., 2015;
Escobar-Morreale et al., 2011). Compared to typical obese women, obese PCOS women have a
greater chance of developing early asymptomatic coronary atherosclerosis (Mousa et al., 2023).
Insulin resistance is linked to an increase in the flow of free fatty acids (FFA), which contribute to
triglyceride accumulation. In addition, an increase in VLDL in hepatocytes causes an increase in
oxidative stress and lipid peroxidation (Choi, 2019). This will increase proinflammatory cytokine
release, blood sugar levels, and HDL levels, all of which will increase the risk of atherosclerosis
and diabetes (Namavar Jahromi et al., 2017). The proinflammatory cytokine intercellular adhesion
molecule-1 (ICAM-1) has been linked to atherosclerosis, insulin resistance, and cardiovascular
disease. ICAM-1 expression and serum levels were greater in PCOS patients. In PCOS, HOMA-IR
is a strong predictor of serum ICAM-1 levels (Gonzalez, 2012; Rashad et al., 2019). The early
predictor of atherosclerosis, CIMT (Carotid intima medium thickness), was found to be high in
PCOS and was connected with age, BMI, waist circumference, and HOMA-IR (Kovacevi¢ et al.,
2021; Mousa et al., 2023). Mean fasting insulin, homeostatic model assessment of insulin resistance
index (HOMA-IR), triglycerides, total cholesterol, low density lipoprotein cholesterol, free
testosterone levels, total testosterone, carotid intima media thickness (CIMT) were significantly
higher in PCOS patients. Cardiac-type free fatty acid binding protein appears to have an important
role in the metabolic response and subsequent development of atherosclerosis in insulin-resistant
hyperandrogenemic PCOS patients (Buyukkaya et al., 2014; Furuhashi et al., 2017).

Long-term exposure to PCOS risk factors certainly has a negative impact on the health of
PCOS women including the emergence of atherosclerosis at an early age. The risk increases with
the increase in BMI which is closely related to insulin resistance. Young obese women with PCOS
have a high prevalence of early asymptomatic coronary atherosclerosis, compared with obese
controls (Patel & Shah, 2018). Based on the main PCOS pathophysiology involving insulin
resistance, dyslipidemia, hyperandrogenemia, all of which make PCOS patients susceptible to
future cardiovascular events (Mousa et al., 2023).

Adolescence may be a more appropriate time for intervention for PCOS patients, as many
cardiovascular risks are already present during early adulthood. As far as BMI is concerned,
mechanisms other than hyperandrogenemia and obesity may act as causative factors. Screening
during adolescence and control of BMI and PCOS with exercise or medical therapy may alter and
modify risk factors for cardiovascular and cerebrovascular disease in the future (Atasayan &
Yoldemir, 2021). Weight control and physical activity can play an important role in PCOS risk
management. However, there may also be a PCOS independent effect on BMI which may be
mediated by low peak estradiol levels or hormonally regulated. Given the marked increase in
subclinical disease even in thinner cases of PCOS, the use of insulin-lowering drugs in young
women with PCOS, which was reported in short-term studies to have beneficial effects on
endocrine parameters and lipid levels, should be investigated as long-term way to reduce CVD risk
in later life (Kiranmayee et al., 2017; Kort, D.H., Lobo, R.A., 2014; Teede et al., 2018).

CONCLUSION

Atherosclerosis occurred in PCOS rat model induced by testosterone propionate combine with a
high fat high fructose diet starting on day 21 of treatment. There is a correlation between the
severity of atherosclerosis and body weight and weight increase on PCOS rat models. Polycystic
ovary syndrome (PCOS) is a risk factor for atheroscerosis, as demonstrated by the findings of this
study. Gain of body mass elevates the level of risk. Multiple risk factors for cardiovascular disease
and diabetes mellitus are accelerated by insulin resistance, including obesity, hyperandrogenism,
and oxidative stress, all of which contribute to the development of PCOS. To mitigate the risk of
PCOS and its associated problems, PCOS screening and weight loss among PCOS patients via
dietary and activity modifications are critical. The small sample size and the fact that the diagnosis
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of atherosclerosis is only based on the aortic and coronary atherosclerosis hiystological scores are
the study's limitations. More research with more samples and an examination of different
atherosclerosis criteria, such as biomolecular parameters in blood and endothelial tissue using
immunohistochemistry observations, can be done to support the findings of this study.
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