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ARTICLE INFO Abstract

Background. Polycystic ovary syndrome (PCOS) is the most common reproductive
Article History: disorder in premenopausal women. This syndrome is also associated with many
Received: 6 Sep 2021 metabolic and cardiovascular complications. These complications are major risk factors
Accepted: 28 Oct 2021 for renal injury and kidney disease. Therefore, this study aimed to investigate the types
ePublished: 14 Feb 2022 of functional and structural kidney injuries in a hyperandrogenic female rat model.

Methods. Female Sprague-Dawley rats were randomly divided into three groups (n=10
Keywords: each): control, sham, and dehydroepiandrosterone (DHEA). Plasma total testosterone
Polycystic ovary syndrome, and kidney functional indices were measured using enzyme-linked immunosorbent
Acute kidney injury, assay (ELISA) and colorimetric techniques. Ovarian and renal histological changes were
Dehydroepiandrosterone, also evaluated qualitatively and quantitatively by Hematoxylin-Eosin (H&E) staining.
Hyperandrogenism, Results. Plasma total testosterone in the DHEA group increased about 9-fold compared
Histopathology to the control and sham groups. There was also a significant increase in Cr, BUN, and

absolute excretion of sodium ion. Insignificant increases in glomerular filtration rate
(GFR), urine flow rate (V°), and absolute excretion of potassium ion were observed in
DHEA group compared to other groups. However, significant damages were observed
in the glomerular and tubular parts of the kidneys and the follicular parts of the ovaries

in DHEA-receiving rats.

Conclusion. Hyperandrogenemia is likely to cause systemic abnormalities through a
variety of mechanisms, followed by obvious destruction of kidney and ovarian tissues.
Accordingly, DHEA administration provides a useful animal model for studying the
mechanism of PCOS-mediated renal injury.

Practical Implications. The present study Findings can be helpful in identifying the
mechanism of PCOS-induced renal injury, especially in younger women.
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Extended Abstract

Background

Polycystic ovary syndrome (PCOS) is the most
common reproductive disorder in premenopausal
women. PCOS dramatically affects reproductive
capabilities and often results in infertility in women. It

is manifested by oligomenorrhea or amenorrhea,
oligoovulation or anovulation, and excessive secretion
of testosterone. PCOS is characterized by abnormal
ovarian function and infertility. However, PCOS is
also a type of metabolic dysfunction with a systemic
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disorder. Many reports show that PCOS is linked to
obesity, diabetes, hypertension, and cardiovascular
diseases. These complications are significant risk
factors for kidney disease. Notably, they are also
common concomitant complications in PCOS,
suggesting the high correlation between PCOS and
kidney injury. Therefore, this study aimed to
investigate functional and structural kidney injuries in
a hyperandrogenic female rat model.

Methods

In this study, a total of 30 Sprague-Dawley female
rats (200-220 g) were purchased from the Animal
Center of Shiraz University of Medical Sciences in
Iran. All rats were randomly divided into three groups
(n=10 each): control, did not receive any treatment for
28 days; sham (sesame oil vehicle group), received
subcutaneously 0.2 mL sesame oil for 28 days; and
Dehydroepiandrosterone (DHEA) group (PCOS
group), rats were subcutaneously injected with 6 mg
DHEA per 100 g day-1 (DHEA dissolved in 0.2 mL
sesame oil) for 28 consecutive days to induce
hyperandrogenism. Plasma total testosterone assay
was carried out using the commercially available
enzyme-linked immunosorbent assay (ELISA) Kkit.
The plasma creatinine (Cr) levels were measured
based on Jaffe's enzymatic-colorimetric method, and
the assessment of blood urea nitrogen (BUN) was
performed based on the urease-glutamate
dehydrogenase (GLDH) method. Glomerular
filtration rate (GFR), urine flow rate, and absolute
excretion of sodium and potassium were calculated
using standard formula. Formalin-fixed hemisected
kidneys and ovaries were embedded in paraffin, and
5-um thick serial sections were prepared and stained
with Hematoxylin & Eosin (H&E) method. Ten
randomly selected non-overlapping fields were
assessed by a light microscope in each renal slide, and
the degree of glomerular and tubular morphological
changes was evaluated. The ovary tissue sections were
observed under an optical microscope, and different
follicular groups were evaluated. To assess changes in
ovarian tissue, ovarian structures were categorized
into five groups based on morphology: primary
follicles (PF), secondary follicles (SF), tertiary
(Graafian) follicles (TF), cystic follicles (CF), and
corpus luteum (CL); then, their changes in the ovaries
were examined.

Results

Plasma total testosterone in the DHEA group
increased about 9-fold compared to the control and
sham groups. There was also a significant increase in
Cr, BUN, and absolute excretion of sodium ions.
Insignificant increases in GFR, urine flow rate (V°), and
absolute potassium ions excretion were observed in the
DHEA group compared to other groups. By analyzing
the histological morphology of ovaries in the control
and sham groups, different follicles were seen,
including tertiary (Graafian) follicles with a thick layer
of granulosa cells and corpus luteum. Several cystic
follicles with a very thin layer of granulosa, which is a
property of cystic follicles, were seen in the ovaries of
the DHEA group. In this group, only a few corpora
lutea that indicates ovulation was observed. Therefore,
based on the observations of ovarian tissue, DHEA
administration to female rats for 28 days created cystic
follicles, decreased the number of tertiary follicles and
corpus luteum, and significantly reduced ovulation
(due to the reduction in the number of corpora lutea).
In the control and sham groups, the renal tissue had a
completely normal appearance in the cortex and
medulla regions. Subcutaneous injection of DHEA for
28 days caused severe structural damage in the female
rats’ kidneys; the brush border of the proximal tubules
was completely shed, the proximal tubules appeared
hollow, and necrotic areas were somewhat visible. In
addition, proximal tubular epithelial cells were excised
in the renal medulla, and casts appeared inside the
tubules.

Conclusion

PCOS is the most common reproductive
dysfunction in young women. With increases in
androgens, PCOS predisposes women to increased
risk of renal injury when they are young, as well as
after menopause. In this study, we characterized the
renal consequences of hyperandrogenemia in a female
rat model that mimics many changes in women with
PCOS. The DHEA-administered female rats exhibited
increases in Cr and BUN. Moreover, the ovary and
kidney showed many abnormal histomorphological
signs in this PCOS model. Hyperandrogenemia causes
systemic abnormalities, followed by apparent damage
to kidney tissue. The use of this model can help to
clarify the possible mechanisms by which androgens
cause renal disease in women with PCOS.
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