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Abstract

Numerous evidence implies complex interrelations between polycystic ovary syndrome (PCOS) and hypertension (HT) in
reproductive-age women. In this study, we aimed to investigate the potential strain differences in ovarian morphology, hemodynamic,
and biochemical characteristics in an androgen-induced PCOS rat model. A total of 24 rats of 3 weeks old (12 Wistar Kyoto - WK and
12 spontaneously hypertensive rats — SHR) were divided into four groups: WK, WK PCOS, SHR, and SHR PCOS. PCOS was induced
by daily s.c. injections of testosterone enanthate (1 mg/100 g body weight) administered for 5 weeks. PCOS induction led to estrus
cyclicity cessation, cystic ovarian appearance, and sex hormones disturbances in both strains. The morphometric parameters in
ovaries were altered in a manner of PCOS-related changes in both strains (higher number in preantral, atretic, and cystic follicles).
Ultrasonographically, a significant decrease in ovarian volume (OV) was registered in PCOS groups but also in SHR compared to WK
rats. All blood pressure parameters were higher in SHR compared to WK. PCOS modeling increased systolic, mean arterial, and pulse
pressure in WK strain, while in SHR, only mean arterial and pulse pressure were higher. Alterations in oxidative stress parameters
could provide a molecular basis for PCOS-related changes: in PCOS groups, thiobarbituric acid reactive substance and superoxide

anion radical levels were higher in both strains, while superoxide dismutase and glutathione were significantly lowered.
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Introduction

Although polycystic ovaries were first recognized in the
early 1900, the polycystic ovary syndrome (PCOS), as
the most common endocrinopathy among reproductive-
age women, represents the phenomenon of the 20th
century (Rodgers et al. 2019). The presence of two of
three Rotterdam criteria: hyperandrogenism (clinical
and/or biochemical), oligo-, and/or ameno-rrhea, and
ultrasonographically verified ovarian cysts has been
used since 2004 for PCOS diagnosing.

Unfortunately, PCOS patients frequently remain
undiagnosed, therefore they usually face severe
complications, such as hypertension (HT); PCOS
women frequently experience higher blood pressure
(BP) levels (Elting et al. 2001, Orio et al. 2006, Wang
et al. 2012). Although obesity could be considered the
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joint feature for these two disorders, the fact that lean
or non-obese PCOS women might also develop HT
(Marchesan & Spritzer 2019, Zhu et al. 2019) further
excludes obesity as the main constituent, putting in
focus other potential mechanisms involved. The higher
activity of the sympathetic nervous system is considered
to have a significant role in HT pathogenesis, which
was also recognized in PCOS (Lansdown & Rees 2012).
Besides, the lower birth weight has been associated with
a higher risk for both PCOS and HN development in
adulthood (lJzerman et al. 2003, Mumm et al. 2013).
Even though the high level of androgens is associated
with higher BP (Chen et al. 2007), whether HT influences
PCOS development remains elusive. Oxidative stress
(OS) was recognized as one of the most common
underlying pathophysiological mechanisms in PCOS
(Zuo et al. 2016). Furthermore, OS could be related to
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HT development, impairing redox-dependent vascular
signaling (Miinzel et al. 2017).

PCOS animal models usually exhibit a combination of
two or more PCOS-like equivalents of Rotterdam criteria
that qualify them as useful and provide potential relevance
for etiopathogenic studies (Stener-Victorin et al. 2020).
However, literature data arguably indicate that none of
them fully encompass all the clinical symptoms in PCOS
women. Although different types of androgens were
commonly used for PCOS modeling in rats, postnatal
testosterone-induced PCOS models seem to be more
appropriate than prenatal, showing typical human PCOS
features of acyclicity, anovulation, polycystic ovaries,
hyperandrogenism, and insulin resistance (Walters et al.
2012, Joksimovic Jovic et al. 2021). Spontaneously
hypertensive rats (SHR) represent the strain with the
congenital tendency for HT development from the age of
4 weeks and established HT in adult age. Moreover, SHR
already poses reproductive abnormalities, such as delayed
puberty and various hormonal disturbances (Pinilla et al.
1992, 2009), and increased sympathetic activity (Martines
et al. 2019), which makes them an inevitable strain in
studies concerning reproduction and HT.

Considering the abovementioned facts, the aim of
this study was to investigate the differences in ovarian
characteristics, BP, hormonal status, and OS parameters
in normotensive rats and SHR in the PCOS model.

Materials and methods
Animals

Weaning Wistar Kyoto (WK) and SHR dams were purchased
with 14-day-old pups from the Military Medical Academy,
Belgrade, Serbia. After 7 days of acclimatization, 21-day-old
normotensive WK rats (n= 12) and SHR (n= 12), weighing
50-60 g, were enrolled in the experimental protocol. Rats were
kept under controlled environmental conditions (23 + 1°C, 12
h light:12 h darkness cycle — lights on 8:00 h), with access
to food and water ad libitum. All research procedures were
carried out in strict accordance with the European Directive
for the welfare of laboratory animals No. 86/609/EEC and
principles of Good Laboratory Practice and ARRIVE guidelines.
Ethical approval was obtained from the Ethical Committee of
the Faculty of Medical Sciences, University of Kragujevac,
Serbia. Efforts were made to minimize the number of animals
used and their suffering.

Experimental design

WK rats, as well as SHR, were randomly divided into two groups
(six animals per group): WK control group (WK), WK PCOS
group (WK PCOS), SHR control group (SHR), and SHR PCOS
group (SHR PCOS). PCOS was induced by daily s.c. injection
of testosterone enanthate (TE, Galenika a.d., Serbia), dissolved
in sesame oil (1 mg/100 g body weight (BW)), starting from the
age of 21 days (prepubertal) to 5 weeks (Ghowsi et al. 2018).
Animals from control groups received 0.1 mL sesame oil for
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5 weeks. After cessation of protocol, animals were anesthetized
by i.p. application of ketamine (10 mg/kg) and xylazine
(5 mg/kg) and sacrificed by decapitation on the guillotine
for further trunk blood and ovarian tissue collection. The left
ovary was excised from connective and fat tissue, washed in
cold saline, weighed, photographed, and prepared for further
histological analysis.

Trunk blood was collected in two separate tubes. Serum
was obtained after allowing blood to clot in anticoagulant-free
tubes at room temperature for 2 h and then centrifuged at 3500
g for 15 min at 4°C. The clear supernatant was kept at —80°C
until analysis. Plasma was obtained after centrifugation of
blood in tubes with sodium citrate. All animals were sacrificed
at the same estrus cycle phase (diestrus) to eliminate the impact
of the hormonal alterations on analyzed parameters.

Assessment of estrus cycle

During the last 8 days of protocol, the estrus cycle was
monitored daily by cytological examination of vaginal smears.
Briefly, every morning at 9:00 h, before treatment, vaginal
lavage was performed by dropper filled with a small volume of
distilled water. The lavage was placed on a glass slide, stained
with hematoxylin, and analyzed by a light microscope. Estrus
cycle phases were identified by predomination of specific cells:
proestrus — round, nucleated cells; estrus — cornified squamous
cells; metaestrus — cornified squamous cells and leucocytes;
and diestrus — nucleated epithelial cell and predominance of
leucocytes (Marcondes et al. 2002).

Hormonal assays

Commercial ELISA kits (Elecsys testosterone ll, estradiol Ill, and
progesterone 1l, Roche Diagnostics) were used to determine
serum levels of testosterone (T), estradiol (E2), and progesterone
(P4). T, E2, and P4 levels were determined using the Elecsys
2010 analyzer by the electrochemiluminescence immunoassay
method. T and P4 levels were expressed in ng/mL, and E2 was
expressed in pg/mL. The sensitivities of the assays for T, P4, and
E2 were 0.025, 0.03, and 5 pg/mL, respectively. Inter- and intra-
assay coefficients of variance for T, P4, and E2 were 3.8, 3, and
2.2%, and 5, 5, and 3.9%, respectively.

Evaluation of arterial blood pressure levels

A day before sacrificing, a non-invasive method for the
determination of systolic and diastolic arterial BP and heart
rate in rats was performed using BP system (Rat Tail Cuff
Method Blood pressure Systems (MRBP-R), IITC Life Science
Inc., Los Angeles, CA, USA) (Feng et al. 2008). Mean blood
pressure (MAP) was determined by the formula: MAP = (systolic
BP +(2 x diastolic BP))/3. Pulse pressure (PP) was calculated as
the difference between systolic and diastolic BP.

Ultrasound examination of ovaries

At the end of the experimental protocol, the left ovary
was ultrasound-examined using Hewlett Packard Sonos
5500 (Andover, MA, USA). Before examination, rats were
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anaesthetized using ketamine (50 mg/kg) and xylazine
(10 mg/kg). The sector scanner equipped with a 15.0 MHz
phased array linear transducer (1.5 cm aperture) was used
for visualization of the ovaries. Transabdominal view in
two-dimensional mode, and B-mode, localized ovaries
topographically beside kidneys and toward echogenic
characteristics. Three ovary dimensions were measured, and
ovary volume (mm?3) was calculated by the prolate ellipsoid
formula where the volume is the product of 7/6 and the
longitudinal (D1), transversal (D2), and anteroposterior
(D3) diameters (volume=m/6 (D1 x D2 x D3)) (Nardo et al.
2003). The left ovary was measured and analyzed to correlate
ultrasonographically the obtained results with the following
histological examination.

Oxidative stress markers
Index of lipid peroxidation

The degree of lipid peroxidation in the plasma samples was
estimated by measuring thiobarbituric acid reactive substances
(TBARS) using 1% thiobarbituric acid in 0.05 NaOH, incubated
with the plasma samples at 100°C for 15 min, and measured at
530 nm. Distilled water solution with 1% thiobarbituric acid
in 0.05 NaOH served as a blank probe (Ohkawa et al. 1979).

Determination of nitrites

The method for detection of the plasma nitrate and nitrites
(NO,) levels is based on the Griess reaction. NO,” was
determined as an index of NO production with Griess reagent
(Green et al. 1982). 0.1 mL of 3 N perchloride acid, 0.4 mL of
20 mmol/L ethylenediaminetetraacetic acid (EDTA), and 0.2
mL of plasma were put on ice for 15 min and then centrifuged
for 15 min at 4000 g After discarding the supernatant, 220 pL
K,CO, was added. NO,~ was measured at 550 nm. Distilled
water was used as a blank probe.

Determination of hydrogen peroxide

The measurement of hydrogen peroxide (H,0,) is based on the
oxidation of phenol red by hydrogen peroxide in a reaction
catalyzed by horseradish peroxidase (HRPO). Plasma sample
of 200 pL was precipitated with 800 pL of freshly prepared
phenol red solution, followed by the addition of 10 pL of
(1:20) HRPO (made ex tempore). Distilled water was used as
blank probe instead of plasma samples. The level of H,O, was
measured at 610 nm (Pick & Keisari 1980)

Determination of superoxide anion radical

The superoxide anion radical (O,”) concentration was
measured after the reaction of nitro blue tetrazolium in tris
(hydroxymethyl) aminomethane buffer with the plasma
samples, at 530 nm. Distilled water solution was used as a
blank probe (Auclair & Voisin 1985).

Determination of antioxidant enzymes

Isolated red blood cells were washed three times with three
volumes of ice-cold 0.9 mmol/L NaCl. Hemolysates containing
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about 50 g Hb/L were prepared (McCord & Fridovich 1969)
and used to determine catalase (CAT) activity. CAT activity
was determined according to Beutler ( 1982). Detection was
performed at 360 nm. Distilled water was used as a blank
probe. Superoxide dismutase (SOD) activity was determined by
the epinephrine method (Misra & Fridovich 1972). Lysate of 100
pL and 1 mL carbonate buffer were mixed, and then, 100 pL of
epinephrine was added. Detection was performed at 470 nm.

Determination of reduced glutathione

Glutathione (GSH) was determined spectrophotometrically, and
it is based on GSH oxidation via 5.5-dithiobis-6.2-nitrobenzoic
acid. GSH extract was obtained by combining 0.1 mL of 0.1%
EDTA, 400 pL of plasma, and 750 pL of precipitation solution
(containing 1.67 g metaphosphoric acid, 0.2 g EDTA, 30 g
NaCl, and filled with distilled water to 100 mL; the solution is
stable for 3 weeks at 4°C). After mixing in the vortex machine
and extracting on cold ice (15 min), it was centrifuged at 1800 g
(10 min). Distilled water was used as a blank probe. Measuring
was performed at 420 nm (Beutler 1984).

Tissue processing and histomorphometry

The left ovaries were fixed overnight in the 10% neutral
formalin and dehydrated in increasing concentrations of
ethanol, immersed in xylene, and finally embedded in paraffin.
Tissue blocks were serially sectioned at 3 pm of thickness,
stained with hematoxylin and eosin, and subjected to light
microscopic analysis. Three sections per ovary, corresponding
approximately to 150 pm in front and behind the central section,
were selected for follicle quantification (Qiu et al. 2009). Only
follicles with visible oocyte and nucleus were counted. The
follicles were classified as follows: preantral, (healthy) antral,
and atretic follicles, according to (Liu et al. 2005). The number
of corpus luteum (CL) and the number of cystic follicles (CF)
were counted from the largest section. The criteria for cystic
follicle identification were: one to four layers of granulosa
cells (GC), with no luteinization, thin wall consisting of thin
flattened cell resting on thin fibrous capsule, larger than normal
preovulatory follicle, and degeneration of individual GC
(Simao et al. 2016). In addition, the following parameters were
obtained from the largest section, using calibrated Axiovision
software (Zeiss) for morphometric analysis: longitudinal ovarian
diameter and thickness of GC and theca cells (TC) layers of the
largest follicle from three different visual fields. Two persons
performed the follicle counting independently, at Olympus BX
51 microscope, using 100x and 400x magnification. First, the
results per single rat ovary were pooled, and then, results from
six animals were pooled to obtain group means.

Statistical analysis

Values were presented as the means (s.p.) and 95% CI. A
normal distribution of all numeric data was tested using
the Koglomorov-Smirnov test. If the data were normally
distributed, two-way ANOVA was used. Non-parametric data
were analyzed using the Kruskal-Wallis followed by post hoc
Mann-Whitney test. Analysis of BW was performed using the
Fridman test for comparing BWs within a group at differenttime
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points, followed by post hoc Wilcoxon test. Kruskal-Wallis
with post hoc analysis was performed to analyze intergroup
differences of BW, at different time-point measurements.
All analyses were carried out using SPSS statistical program
version 27.0. The P value below 0.05 is considered
statistically significant.

Results
Body weight

During the 5-week protocol, BW differed significantly
in all groups (Fig. TA). All four groups had a significant
weekly time-point increase of BW during 5 weeks
of protocol (P < 0.01, not presented in Fig. TA). The
evaluation of the BW between groups showed that WK
and WK PCOS groups differed significantly (P < 0.05)
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Figure 1 PCOS characteristics of rats from WK, WK PCOS, SHR, and
SHR PCOS groups. (A) Body weight (BW) alterations during 5-week
treatment period; (B) estrus cycle in WK strain, with or without PCOS
induction; P, pro-estrus; E, estrus; M, metestrus; D, diestrus; (C) estrus
cycle in SHR strain, with or without PCOS induction; P, pro-estrus; E,
estrus; M, metestrus; D, diestrus; (D) macroscopic ovarian
appearances; (E) microphotographs of the largest ovarian section
(magnification 5%, scale bar=400um). Intergroup comparations were
performed using Kruskal-Wallis test and post hoc Mann-Whitney
analysis: * P < 0.05 - WK vs WK PCOS, P < 0.05 (** P < 0.01)
—WK vs SHR, *P < 0.05 (¥*P < 0.01) — WK PCOS vs SHR PCOS.
Repeated measure ANOVA was used for statistical analysis of BW
within the groups; all groups showed statistically significant increase
through time (significances were not presented in the graph).
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in the 4th (33%) and 5th (21%) week. However, strain
differences were observed regarding WK and SHR groups
in all time-point measurements (P < 0.01) and regarding
WK PCOS and SHR PCOS group (P < 0.01, Fig. TA).
Moreover, the differences between SHR and SHR PCOS
groups were not registered during the protocol.

Estrus cycle

Both WK and SHR expressed regular cycles of 4-5
days duration (100% of rats from both groups cycled).
However, PCOS induction led to the cessation of
estrus cycle in both WK PCOS and SHR PCOS groups
(Fig. 1B and C).

Macroscopic ovarian appearance is represented
in Fig. 1D. There was an evident decrease in ovarian
size in the WK PCOS group compared to WK and in
the SHR PCOS group compared to SHR. Cystic ovarian
appearance was evident in both PCOS groups.

Microphotographs of the largest ovarian sections are
presented in Fig. 1E. Normal morphology of ovaries was
shown in the WK group: follicles in different follicular
development stage, presence of corpora lutea (CL),
and absence of cystic follicles (CF). On the other hand,
the WK PCOS rats showed the presence of cystic and
numerous atretic follicles, absence of CL, and a marked
decrease in the area of the largest section. SHR strain was
characterized by numerous atretic follicles compared to
the WK strain, but with the presence of few CL in SHR,
unlike in SHR PCOS group which was without any CL.

The ultrasound evaluation of left ovary

The ultrasonographical examination of ovaries showed
no differences in D1, D2, and D3 regarding strain
differences. However, after PCOS induction, there was a
decrease in D1 (29% in WK and 22% in SHR, P < 0.01)
and D3 (14% in WK and 9% in SHR strain P < 0.01)
(Fig. 2A and C), while D2 did not differ significantly (Fig.
2B). Ovary volume (OV) analysis showed significantly
lower values in SHR compared to the WK group (15%, P
< 0.01). In addition, OV was lowered significantly (P <
0.01) between PCOS and matched-control groups in WK
and SHR strains (43 and 29%, respectively), as shown in
Fig. 2D, without difference regarding strain. However,
the OV/BW index showed differences between observed
groups regarding both strain and PCOS induction,
although without significant interaction strainxPCOS
(P > 0.05) (Fig. 2E). Representative ultrasonographical
images of left rat ovaries from all investigated groups
are presented in Fig. 2F. In all investigated groups,
ovaries are shown as oval, clearly demarcated isoechoic
formations. It was observed that D1 of both control
groups was higher compared to the PCOS groups. In both
PCOS groups, hypoechoic circular formations could be
observed, which could correspond to cysts (fluid-filled
cavities) according to ultrasound characteristics. The
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Figure 2 Ultrasonographic evaluation of ovarian measurements in rats
from WK, WK PCOS, SHR, and SHR PCOS groups. (A) Longinudinal
ovarian diameter — D1; (B) transversal ovarian diameter — D2; (C)
anteroposterior ovarian diameter — D3; (D) ovary volume; (E) ovary
volume/body weight (OV/BW) index; (F) representative
ultrasonographical images of left rat ovaries from all investigated
groups. "'P < 0.05, two-way ANOVA was used for analysis; factor
strain and factor PCOS were evaluated.

ovarian stroma of both PCOS groups has hyperechoic
fields, especially in WK PCOS, that would correspond to
the foci of atretic follicles and hypertecosis.

Number of follicles and morphometric analysis in rat
ovary

The number of preantral, atretic, and cystic follicles
was significantly higher (P < 0.01) in SHR compared
to WK rats (Table 1). Also, PCOS groups depicted
higher (P < 0.01) values of these parameters in both
strains. On the other hand, the number of healthy antral
follicles was lowered (P < 0.01) in SHR compared to
WK, as well as in PCOS groups (P < 0.01) compared
to respective controls.

Diameters of central ovarian sections were analyzed
and a significant decrease after PCOS induction was
observed in both strains (P < 0.01), while there was
no change regarding strain differences (Table 1). The
thickness of the granulosa layer was similar in WK and
SHR, but theca was thickened in SHR compared to WK
(P < 0.01). PCOS induction decreased granulosa layer
thickness in both strains (P < 0.01), while theca was
increased (P < 0.01) only in the WK. The number of CL
and tertiary follicles (TF) was significantly lower in SHR
compared to WK (P < 0.01), and PCOS modeling led to
a decrease in CL and TF in both strains.
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Serum hormone levels

PCOS induction in both strains induced significant (P <
0.01) elevation in serum T levels, compared to respective
control rats. Also, serum T level was significantly (P <
0.01) higher in SHR compared to WK group (Fig. 3A).
P4 was significantly (P < 0.01) lower in SHR compared
to WK (Fig. 3B), while PCOS induction significantly (P <
0.01) reduced P4 levels in WK and SHR strain. E2 levels
were significantly (P < 0.01) higher in both strains after
PCOS induction compared to respective control groups
(Fig. 3C).

Blood pressure and heart rate

As shown in Fig. 4A and B, both systolic and diastolic
arterial BPs were significantly (P < 0.01) higher
(26 and 14%, respectively) in SHR compared to
WHK. In contrast, PCOS induction significantly (P <
0.01) elevated systolic BP only in WK strain (22%).
Heart rate was higher (P < 0.01) in both strains after
PCOS induction (14% in WK and 6% in SHR strain;
Fig. 4C). MAP was significantly higher (P < 0.01)
regarding strain differences (19% SHR vs WK and 7%
SHR PCOS vs WK PCOS) and PCOS induction (14%
in WK strain and 3% in SHR strain), as shown in Fig.
4D. A significant interaction between two factors was
registered regarding MAP (strainxPCOS; P < 0.01).
PP was significantly higher (P < 0.01) regarding strain
differences (54% SHR vs WK and 19% SHR PCOS vs
WK PCOS) and PCOS induction (55% in WK strain and
19% in SHR strain), as shown in Fig. 4E.

Oxidative stress markers

PCOS induction led to an increase of TBARS in plasma of
WK (45%, P < 0.01) and SHR (154, P < 0.01). Moreover,
TBARS was higher (P < 0.01) in SHR compared to
WK rats (50%) and in SHR PCOS compared to WK
PCOS (162%) (Fig. 5A). Increase (P < 0.01) in plasma
O, levels was observed regarding strain and PCOS
induction (Fig. 5B): SHR showed an increase by 45%
when compared to WK and by 34% when SHR PCOS
was compared to WK PCOS. The increase was observed
in PCOS groups of WK and SHR strain compared to their
respective controls (39 and 28%, respectively). Levels
of nitrites were higher (P < 0.01) by strain (16% in SHR
and 53% in SHR PCOS), and significant interaction
between analyzed factors was registered (strainxPCOS;
P < 0.01), as shown in Fig. 5C. H,0, levels were higher
by strain (P < 0.01) in SHR (97%) and in SHR PCOS
(162%), while PCOS modeling did not alter H,O, levels
in both strains compared to respective controls (Fig. 5D).

SOD levels (Fig. 5E) were significantly lowered (P <
0.01) by strain in SHR (34%) and in SHR PCOS (38%)
and by treatment in WK PCOS (53%) and SHR PCOS
(100%) compared to respective controls. As shown
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in Fig. 5F, CAT levels were not significantly different
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Figure 3 Serum hormone levels in rats from WK, WK PCOS, SHR,
and SHR PCOS groups. (A) Levels of testosterone —T; (B) levels of
progesterone — P4; (C) levels of estradiol — E2. ** P < 0.05, two-way
ANOVA was used for the analysis; factor strain and factor PCOS were
evaluated or Kruskal-Wallis test and post hoc Mann-Whitney
analysis were performed.

pituitary and ovaries (Chen et al. 2017). On the other
hand, it has been shown that SHR females had elevated
pituitary (Aguilar et al. 1992) and serum FSH levels
(Pinilla et al. 2009). Similarly, underweight women had
higher FSH levels (Aladashvili-Chikvaidze et al. 2015).
Is the elevated pituitary content of FSH and enhanced
melanocortin system in SHR strain responsible for the
absence of testosterone-induced BW gain remains to be
elucidated in further studies.
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Figure 4 Hemodynamic parameters in rats from WK, WK PCOS, SHR,
and SHR PCOS groups. (A) Systolic arterial blood pressure; (B) diastolic
arterial blood pressure; (C) heart rate; (D) mean arterial blood pressure;
(E) pulse pressure. ** P < 0.05, two-way ANOVA was used for analysis;
factor strain and factor PCOS were evaluated or Kruskal-Wallis test
and post hoc Mann-Whitney analysis were performed.

The cessation of estrus cyclicity was registered after
PCOS induction in both strains, which corresponds to
other studies regarding the PCOS rat model (Ghowsi
et al. 2018). Even though SHR were found to be different
from WK, considering delayed puberty onset and lower
ovulation rate, we registered an estrus cycle of normal
duration in this strain, which is in accordance with
others (Pinilla et al. 1992).

Although undetectable T levels in SHR females were
reported (Pinilla et al. 2009), we registered higher serum
T levels in SHR compared to WK. Elevated T levels in
the PCOS groups were expected and were in line with
other studies (Kalhori et al. 2018). On the other hand,
P4 mirrored these alterations in the opposite direction
of T, which could indicate an absence of ovulation.
Furthermore, levels of E2 were significantly higher in WK
PCOS (18%) and SHR PCOS (34%) groups, compared to
respective controls. The higher elevation of E2 in SHR
strain could be explained by the increase of aromatase
activity compared to WK (Pietranera et al. 2011) and the
consequent higher degree of T conversion into E2.

The effect of observed hormonal disturbances led to
alteration of GC and TC layers thickness. Compared to
respective controls, the GC layer thickness was lower
in WK PCOS and SHR PCOS rats, while there was no
difference between both control groups. However,
compared to WK, the TC layer was thicker in WK PCOS,
while SHR PCOS group did not show a statistically
significant difference when compared to SHR group.
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Figure 5 Oxidative stress parameters in blood of rats from WK, WK
PCOS, SHR, and SHR PCOS groups. (A) Index of lipid peroxidation
(expressed as TBARS); (B) levels of superoxide anion radical — O,;
(C) levels of nitrites — NO,~; (D) levels of hydrogen peroxide — H,O,;
(E) activity of superoxide dismutase — SOD; (F) activity of catalase

— CAT; (G) level of reduced glutathione — GSH. ** P < 0.05, two-way
ANOVA was used for analysis; factor strain and factor PCOS were
evaluated or Kruskal-Wallis test and post hoc Mann-Whitney
analysis were performed.

TC layers were significantly thicker in SHR compared to
WK. Thinning of GC layer and hyperthecosis, observed
in WK PCOS, considered part of PCOS settings, was
demonstrated in the hyperandrogenic PCOS women
(Dadachanji et al. 2018) and confirmed by our
ultrasonographical analysis. The thicker TC layer was
suggested as an androgen source, attributed to increased
steroidogenesis. However, in rat androgen PCOS models
(Wuetal. 2019), the TC layer was also thicker, regardless
of exogenous T administration. On the other hand, the
thickened TC layer in SHR was firstlobserved in our
study and could be to some extent related to increased
androgen secretion in that strain. Although the GC were
arranged in a significantly thinner layer, there was no
further increase regarding TC layer thickness in SHR
PCOS, which could be assumed to be an adaptation to
hyperandrogenemia.

Observed alterations in follicle number implied that
follicle recruitment in hyperandrogenemic PCOS state in
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both strains worsened the degree of atresia and lowered
the number of healthy antral follicles, which could reach
the preovulatory stadium. Furthermore, the presence of
cysts and the absence of CL were also in accordance
with lower P4 levels, which corresponds to PCOS
(Bas et al. 2011). However, for the first time, this study
revealed the difference between WK and SHR regarding
the follicle number, and even though we evaluated
only central sections, the difference was evident. To our
knowledge, there are no literature data concerning strain
differences in ovarian follicles count analysis in WK
rats and SHR, so our results represent the first evidence
on this topic.

The evaluation of ovarian central section diameters
did not reveal a significant difference between WK
and SHR, quite likely ultrasonographically measured
ovarian D1. However, these two parameters showed a
strong positive correlation (R=0,7; P < 0.01), which
established rat ovary ultrasonography as quite a reliable
method for ovarian diameters (and volume) analysis. The
PCOS induction lowered significantly all investigated
parameters except D2, while the strain differences
between WK and SHR were observed only regarding OV/
BW index. Besides the well-known parameter termed
‘gonadosomatic index’ (Alves et al. 2019), we tried to
estimate a new parameter — OV/BW index, which gave
a better insight into group differences. Therefore, we
assumed that OV/BW index might be a useful tool for
estimating OV alterations in PCOS rat studies.

Androgen levels could be associated with higher BP
values: the blockade of androgen receptor decreased BP,
while ovariectomized female SHR reached higher BP
values after androgen administration (Reckelhoff et al.
1998). Moreover, male SHR had decreased BP after
gonadectomy (Crofton et al. 1993), which undoubtedly
links androgen levels and HT in both genders. In the
last decades, a growing body of literature established
the relationship between HT and hyperandrogenic
status in reproductive-age females, summarized by
Amiri and colleagues (Amiri et al. 2020). Although the
mechanisms underlying that connection are not fully
revealed, we tried to unriddle these complex networks,
providing evidence from basic science, which could
be at least the tiniest part of this puzzle. All examined
parameters regarding BP were higher in SHR compared
to WK. PCOS modeling increased systolic BP, HR, MAP,
and PP in WK rats, as in our previous study (Joksimovic
Jovic J, unpublished observations), while in SHR strain,
MAP, HR, and PP were only increased. Observed
data indicated that even before TE administration,
SHR probably adapted to higher androgen levels, and
further stimulation by TE had not influenced systolic
(nor diastolic) BP in this strain. Furthermore, the fact
that observed increase of BP parameters in WK PCOS
achieved a similar level as SHR led us to assume that
PCOS itself may aggravate BP levels toward those
seen in an innately SHR. However, further studies
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should investigate whether PCOS development and its
manifestations in normotensive rats carry cardiovascular
risk similar to that of SHR. A large Danish study, enrolling
premenopausal women, reported elevated BP values
and increased cardiovascular risk in PCOS patients
(Glintborg et al. 2015). Moreover, even though some
studies reported no difference in 24-h BP measurements
between obese PCOS and non-PCOS women (Meyer
et al. 2005), others demonstrated a modest elevation of
systolic BP during the daytime, as well as MAP in young
PCOS patients (Holte et al. 1996), independently from
obesity. MAP levels in our study were affected by PCOS
induction as well as by strain differences. Moreover, a
significant interaction between the two investigated
factors was registered, which puts the MAP in the focus
of further investigations regarding PCOS.

Finally, the wunderlying mechanisms for these
fluctuations could be found in OS parameter alterations.
Regarding the most toxic and fast-acting radicals we
measured, such as O,” and H,0,, SHR showed a
marked increase of both. However, in both strains, PCOS
induction induced the increase of O,~, but no H,0,
levels. OS directly influences the development of HT by
free radicals damage of macromolecules and indirectly
through redox-dependent vascular wall signaling
(Miinzel et al. 2017). The increase in lipid peroxidation
was evident in both strains after PCOS induction and in
SHR compared to WK in control conditions. However,
levels of nitrites were surprisingly higher in the SHR
strain. Studies regarding increased NO,™ levels in SHR
(Wu & Yen 1999) concluded that the observed increase
of nitrites was probably compensatory to combat
hypertensive state. A significant interaction between
two analyzed factors, strain and PCOS in this study, was
observed regarding the level of nitrites, which could put
the role of vascular impairment underlying complex
PCOS pathophysiology in focus. The observed decrease
of SOD in SHR and SHR PCOS was in accordance with
available literature (Wu et al. 2020). However, the CAT
activity was not affected in SHR PCOS rats, which may
be discussed as depletion of this antioxidative enzyme
in the SHR strain. Furthermore, GSH was elevated
in SHR compared to WK, although PCOS induction
lowered GSH in both strains. The mentioned decrease
was described by others in PCOS rodent models (Murri
et al. 2013). The GSH increase in the SHR could be
explained by the compensatory elevation of intracellular
non-oxidative machinery via reduced glutathione cycle
to combat pro-oxidative radicals and maintain reduced
homeostasis in cells.

In conclusion, this investigation provided further
insights into potential mechanisms involved in the
hypertensive state observed in hyperandrogenic PCOS
rats and into a closer relationship between these two
pathologies in the sense of oxidative disturbance. This
study may be an excellent base for further clinical
investigations, regarding different PCOS phenotypes
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HT in order to evaluate the role of oxidative stress in
cardiovascular risk management.
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