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ABSTRACT:

Hyperandrogenism has been implicated in patients with polycystic ovary syndrome, which is the most
common endocrine-metabolic disorder among women of reproductive age. Hyperandrogenism has been
linked with renal disorders, particularly chronic kidney disease. Therefore, the present study investigated
the effect of letrozole-induced hyperandrogenism on renal function in female Wistar rats. Eight-week-old
female Wistar rats were allotted into two groups (n=6 per group) which include: Control, and letrozole-
treated (LET). The control group received vehicle (p.o.) and the LET-treated group received letrozole (1
mg/kg; p.o.). The administration was carried out once daily for 21 days. The results showed that the
hyperandrogenic rats had increased kidney weight, metabolic profile (fasting insulin and homeostatic
model of assessment of insulin resistance), renal free fatty acids, renal inflammatory biomarkers (tumor
necrosis factor and interleukin-6), renal malondialdehyde, y-glutamyl transferase, lactate production,
lactate dehydrogenase, plasma creatinine and urea, and plasma and renal uric acid with a subsequent
decrease in renal glutathione peroxidase. Moreover, the study revealed an increased plasma
testosterone level when compared with control animals. The present study therefore indicates that
letrozole-induced hyperandrogenism resulted in elevated levels of testosterone and insulin resistance
which causes renal dysfunction, further accompanied by renal lipid peroxidation and inflammation.
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INTRODUCTION:

The kidneys are important organs in the body
that regulate water and electrolyte balance as
well as blood pressure. Alterations of renal
function, which is commonly linked to
cardiometabolic and endocrine disorders,
including polycystic ovarian syndrome (PCOS)
have been associated with cardiovascular
disorders (CVD), which remains the huge cause
of death globally [1]. PCOS is an endocrine /
metabolic disorder occurring in about 6-21% of
reproductive-aged women [2] and is often
characterized by  polycystic  ovaries,
hyperandrogenism  and  anovulation  /
oligomenorrhea [3]. PCOS usually progresses to
a number of metabolic-related pathologies, such
as chronic kidney disease (CKD), which is
characterized by inflammation, oxidative stress
as well as endothelial dysfunction [4]. Insulin
resistance (IR) is an early metabolic event in
CKD [5], and this may result in end-stage renal
failure with deteriorated IR. Although, the
between PCOS

(hyperandrogenism)-engendered IR and CKD is

indisputable link

unclear, several studies have linked the
underlying pathogenesis to excessive lipid
peroxidation and imbalance between reactive
oxygen species and antioxidant enzymes [6].
Nevertheless, further investigation of its
pathophysiological mechanism would provide a
therapeutic target for the management of

metabolic/endocrine-associated kidney disease.

The pathophysiological involvement of IR in
renal disease is multifactorial in nature which is
possibly secondary to perturbations that are
prominent in renal diseases, including oxidative
stress, chronic inflammation, metabolic acidosis
and adipokine derangement. IR plays a major
role in the progression of renal disease, which
deteriorates renal hemodynamics by activation
of the sympathetic nervous system [7]. Impaired
insulin signaling has been reported as a
pathogenic factor in polycystic kidney disease
[8], by possibly increasing uremic toxin such as
endogenous nitric oxide synthase inhibitor. This
aggravates glucose dyshomeostasis in various

pathological conditions [9].

Hyperandrogenism is an important criterion in
diagnosing PCOS. In patients with PCOS, the
rate of hyperandrogenism could be as high as
60%-80%. Androgen hyperactivation leads to
ovulation disorder, menstrual disorder and acne,
suggesting that hyperandrogenism is not only a
clinical characteristic of PCOS, but also an
important risk factor. The current anti-androgen
therapies in clinical settings have not achieved
satisfactory effects, which lies in the complicated
mechanisms of androgen production and its
wide-ranging effects [10]. The menstrual cycle
abnormality is also one of the critical
characteristics in  patients with  PCOS.
Accompanied by a prolonged menstrual cycle,
anovulation becomes more frequent, leading to

amenorrhoea, endometrial hyperproliferation
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and even carcinogenesis. Polycystic ovaries are
another vital feature in women with PCOS;
defined as the presentation of at least 12 antral
follicles (AFC) with a diameter from 2 to 9 mm in
the whole ovary and/or an ovarian volume over
10mL [11]. Excessive AFC could lead to the
secretion of large amounts of oestrogen, which
inhibits the secretion of follicle-stimulating
hormone (FSH) via negative feedback of the
gonadal axis and leads to anovulation.
Therefore, the length of the menstrual cycle and
the number of AFC in ovaries are the two main
indicators to estimate the disease severity of
PCOS. The serum level of testosterone is
positively correlated with the length of the
menstrual cycle and the numbers of AFC
[12], suggesting that hyperandrogenism is a
promoter of PCOS. In addition, excess
androgen can damage granulosa cells (GCs)
and change the microenvironment of follicles,

resulting in follicular atresia in PCOS [13].

Chronic kidney disease (CKD) is manifested as
a decrease in glomerular filtration rate (GFR;
GFR <60 mL/min) over 3 months and
proteinuria. Due to the high correlation between
CKD and metabolic disorders, there may be a
close correlation between PCOS and kidney
diseases. Previous studies revealed the
presence of pre-microalbuminuria and an
increase in cystatin C (a biomarker for renal
function) in PCOS women [14,15]. Considering
that there are abundant androgen receptors in

renal cells, such as mesangial cells and

proximal tubular cells, excessive androgen
could be a causal risk factor for kidney diseases.
Reports show that androgen/AR imposes the
susceptibility to severe infections in the upper
urinary tract and a high rate of urinary citrate and
sodium excretion in women
[16,17]. Furthermore, a significantly positive
correlation between serum testosterone and
renal tubular cell injury has been implicated in
patients with PCOS [18], and the follicular fluid
collected from patients with PCOS could induce
fibrotic lesions in cultured renal proximal tubular
cells [18].

However, the specific mechanism is not clear.
Testosterone was also reported to induce the
apoptosis in renal tubular epithelial cells, as well
as necrosis via activation of hypoxia-inducible
factor 1a/Bcl-2 interacting protein 3 (HIF-
10/BNIP3) pathway [19]. Another study has
shown that androgen/AR and Fgf10/Fgfr2
signalling participate in renal fibrosis [20]. In
addition, evidence shows that decreased
androgens protect against renal injury by
reducing T-cell infiltration and enhancing anti-
inflammatory cytokine production [21]. Studies
also show that prenatal testosterone induces
proteinuria in adulthood [22], which may explain
the results of pre-microalbuminuria in patients
with PCOS. Although previous studies have
implicated the possible molecular mechanisms
of hyperandrogenism in PCOS and its related
complications, necessity is laid on research to

uncover its dynamic nature.
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METHODOLOGY:

Experimental Animals and Grouping:
Eight-week-old female Wistar rats were used in
this study. The rats were given unlimited access
to standard rat chow and tap water. The study
was conducted in accordance with the National
Institutes of Health Guide for the Care and Use
of Laboratory Animals.

After 2 weeks of acclimatization, the animals
were randomly distributed into two groups (n=6
per group); the Control and letrozole-treated
(LET) groups.

Rats were maintained in a colony under
standard  environmental  conditions  of
temperature (22-26°C), relative humidity (50-
60%), and a 12-hour dark/light cycle. Rats were
treated with letrozole (1.0 mg/kg) for 21 days as

previously described [23,24,25,26].

Treatment:

Vehicle was given by oral gavage to the control
group while LET group received 1.0 mg/kg of
letrozole obtained from Sigma-Aldrich, in St
Louis, MI by oral gavage. The treatments were
done for 21 days.

Metabolic Indices:

The oral glucose tolerance test was performed
48 hours before the sacrifice of the rats:

After a 12-hour overnight fast, basal blood
glucose was determined, and the rat were
loaded with glucose (2.0 g/kg; oral gavage).
Then blood was obtained sequentially at 30, 60,

90 and 120 minutes and the area under the
curve (AUC) of glucose were monitored with a
hand-held  glucometer ~manufactured by
ONETOUCH Life Scan, Inc., Milpitas, CA, USA.
Insulin resistance was determined using the
homeostatic model assessment of IR (HOMA-IR
= fasting glucose (mmol/l)* fasting insulin (uU/1)/
22.5) as described in the previous studies
[26,27].

Collection of Samples:

Blood was collected by cardiac puncture into a
heparinized tube after anesthetizing the animals
with sodium pentobarbital (50 mg/kg, ip) and the
blood was centrifuged at 704 g for 5 min at room
temperature. Plasma was stored frozen until it

was needed for biochemical assay.

Preparation of kidney homogenate:

After weighing the kidney, 100 mg section of the
tissue was carefully removed and homogenized
with a glass homogenizer in phosphate buffer
solution, centrifuged at 8000 g for 10 min at4 °C
and the supernatant was collected and stored
frozen until it was required for biochemical

assays.

Biochemical analysis:

Plasma endocrine profile:

Plasma insulin and testosterone concentrations
were determined with Rat ELISA kits obtained
from Calbiotech Inc. in Cordell Ct., EI Cajon, CA
92020, USA.
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Plasma and kidney lipid profile:

Standard colorimetric methods were used to
determine free fatty acids from the plasma and
tissue homogenate by using assay kits obtained

from Fortress Diagnostics Ltd. in Antrim, UK.

Plasma and kidney lipid peroxidation and
antioxidant markers:

Malondialdehyde (MDA) is a marker of lipid
peroxidation while glutathione peroxidase (GPx)
assesses  antioxidant ~ capacity  [28].
Malondialdehyde was determined from the
plasma and tissue homogenate by standard
non-enzymatic  spectrophotometric  method
using assay kits from Randox Laboratory Ltd. in
Co. Antrim, UK. Glutathione peroxidase was
determined from the plasma and tissue
homogenate by  standard  enzymatic
spectrophotometric method using assay kits
from Oxford Biomedical Research Inc. in Oxford,

USA.

Inflammatory biomarkers:

The levels of tumour necrosis factor-alpha (TNF-
a) and interleukin-6 (IL-6) were determined in
the plasma and tissue homogenate by
sandwich  ELISA
technique using a monoclonal antibody specific

quantitative  standard

for these parameters with rat kits obtained from
Elabscience Biotechnology Inc. in Wuhan,

Hubei, P.R.C., China.

Uric acid, Creatinine and Urea:

The level of plasma creatinine was determined
by colorimetric method using assay kits from
Randox Laboratory Ltd. in Co. Antrim, UK.
Whereas plasma urea and plasma and renal uric
acid concentrations were determined t by
standard spectrophotometric methods, using
kits from Oxford Biomedical Research Inc. in
Oxford, UK.

Plasma and renal lactate, lactate
dehydrogenase  (LDH) and
transferase (GGT):

Lactate concentration and LDH activity were

y-glutamyl

determined from the plasma and tissue
homogenate by standardized non-enzymatic
and enzymatic colorimetric method respectively
using assay kits obtained from Randox
Laboratory Ltd. in Co. Antrim, UK. Whereas
plasma and renal GGT activities were assayed
by standardized enzymatic colorimetric method
using assay kits obtained from Fortress

Diagnostics Ltd. in Antrim, UK.

Immunohistochemical assessment of kidney:
Immunohistochemical evaluation of renal tissue
was performed using an inflammasome
antibody (NLRP3) obtained from Elabscience
Biotechnology Inc. in Wuhan, Hubei, P.R.C.,
China, in adherence to the procedures
described in the previous study [28].

Data analysis and statistics:
All data were expressed as means £ S.D.

Statistical group analysis was performed with
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Graphpad Prism software version 9. Student T-
test was used to compare the mean values of
variables between the groups. Statistically

significant differences were accepted at p<0.05.

Ethical approval:

The study was conducted in accordance with the
National Institutes of Health Guide for the Care
and Use of Laboratory Animals and was
approved by the Institutional Ethical Review
Committee of Afe Babalola university.

Consent to participate is not applicable.

RESULTS:
Effect of LET-induced hyperandrogenism on
kidney weight in animal model: There was a

significant increase in the kidney weight of

letrozole-induced  hyperandrogenic  animals

compared to the control animals (Figure 1).

Effect of LET-induced hyperandrogenism on
metabolic profile in animal model: Metabolic
profiles such as fasting insulin and HOMA-IR
significantly  increased in  experimental
hyperandrogenic animals compared with the

control (Figure 2).

Effect of LET-induced hyperandrogenism on
plasma and renal free fatty acids in animal
model: There was a significant increase in the
renal but not plasma FFA in experimental
hyperandrogenic animals compared with the

control animals (Figure 3).

Figure 1: Effect of letrozole induced hyperandrogenism on kidney weight in LET-
induced PCOS. Data are expressed as means * S.D., n=6. (*p<0.05 vs. CTL;

#p<0.05 vs LET). Control (CTL); Letrozole (LET).
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Figure 2: Effect of letrozole induced hyperandrogenism on metabolic profile: fasting blood
glucose (a) fasting insulin (b) and HOMA-IR (c) in LET-induced PCOS. Data are expressed as
means £ S.D., n=6. (*p<0.05 vs. CTL; #p<0.05 vs LET). Control (CTL); Letrozole (LET);
Homeostatic model of assessment of insulin resistance (HOMA-IR).
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Figure 3: Effect of letrozole induced hyperandrogenism on lipid profile: plasma FFA (a) and
renal FFA (b) in LET-induced PCOS. Data are expressed as means + S.D., n=6. (*p<0.05 vs.
CTL; #p<0.05 vs LET). Control (CTL); Letrozole (LET); Free fatty acid (FFA).
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experimental hyperandrogenic animals
compared with the control (Figure 4).
Effect of LET-induced hyperandrogenism on

renal malondialdehyde, g-glutamyl transferase
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and glutathione peroxidase in animal model: In
experimental hyperandrogenic animals, there
was a significant increase in renal MDA and
GGT while GPx decreased significantly in the

kidney compared to control animals (Figure 5).

Effect of LET-induced hyperandrogenism on
renal lactate and lactate dehydrogenase in
animal model: There was a significant increase
LDH in

hyperandrogenic animals when compared with

in lactate and experimental

the control (Figure 6).

Effect of LET-induced hyperandrogenism on
plasma and renal electrolytes in animal model:
There was a significant increase in the plasma
and renal uric acid, plasma creatinine and urea
in experimental hyperandrogenic animals

compared with the control animals (Figure 7).

Effect of LET-induced hyperandrogenism on
plasma testosterone in animal model: There was
a significant increase in the plasma testosterone
levels in experimental hyperandrogenic animals

compared with the control animals (Figure 8).

Figure 4: Effect of letrozole induced hyperandrogenism on renal TNF-a (a) and renal IL-6
(b) in LET-induced PCOS. Data are expressed as means + S.D., n=6. (*p<0.05 vs. CTL;
#p<0.05 vs LET). Control (CTL); Letrozole (LET); Tumor necrotic factor-a (TNF-a)
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Figure 5: Effect of letrozole induced hyperandrogenism on lipid peroxidation: renal MDA
(a) renal GPx (b) and renal GGT (c) in LET-induced PCOS. Data are expressed as means
+ S.D,, n=6. (*p<0.05 vs. CTL; #p<0.05 vs LET). Control (CTL); Letrozole (LET);
Malondialdehyde (MDA); Glutathione peroxidase (GPx); Gamma Glutamyl transferase
(GGT).
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Figure 6: Effect of letrozole induced hyperandrogenism on lipid peroxidation: renal lactate (a)
and renal LDH (b) in LET-induced PCOS. Data are expressed as means + S.D., n=6.
(*p<0.05vs. CTL; #p<0.05 vs LET). Control (CTL); Letrozole (LET); Lactate Dehydrogenase
(LDH).
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Figure 7: Effect of letrozole induced hyperandrogenism on renal electrolyte: plasma uric acid
(a) renal uric acid (b) plasma creatinine (c) and plasma urea (d) in LET-induced PCOS. Data
are expressed as means = S.D., n=6. (*p<0.06 vs. CTL; #p<0.05 vs LET). Control (CTL);
Letrozole (LET).
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Figure 8: Effect of letrozole induced hyperandrogenism on plasma
testosterone level in LET-induced PCOS. Data are expressed as
means £ S.D., n=6. (*p<0.05 vs. CTL; #p<0.05 vs LET). Control
(CTL); Letrozole (LET).
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Figure 9: Immunohistochemical staining for inflammasome (NLRP3) antibody in the renal section. Control
groups showed no expression of inflammasome (a) and letrozole-induced hyperandrogenic animal
showed severe expression of inflammasome (b). Scale bar: 51 um (red arrow indicate a positive response
to inflammasome antibody).

Immunohistochemical staining for
inflammasome (NLRP3) antibody in the renal
section:

Immunohistochemical staining for
inflammasome (NLRP3) antibody in the renal
section. Control groups showed no expression
of inflammasome. However, letrozole-induced
hyperandrogenic  animal showed severe

expression of inflammasome (Figure 9).

DISCUSSION:

The novel finding in this present study is that
hyperactivity of androgen hormones which is a
well-known characteristic of PCOS can affect
renal functions. PCOS has a close association
with the progression of metabolic abnormalities

such as obesity, diabetes and hypertension,

which are the major causes of kidney disease
[29,30]. These suggest PCOS may have an
intimate association with kidney injury. Few
studies have investigated the underlying
mechanism of PCOS-associated kidney injury.
In this study, we have established a link in PCOS
with  kidney injury through experimental
research.

To test the hypothesis that PCOS is associated
with kidney injury, we evaluated kidney function
in two group of female Wistar rats, PCOS
induced with letrozole and control. The present
study provides different metabolic risks, and IR
is a hallmark of the classic hyperactivation of
androgens through increased free fatty acid.
Obesity is strongly associated with PCOS [31].

Although, obesity is not a diagnostic criterion for
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PCOS, both obese and non-obese PCOS
patients have more visceral adipose tissue
(VAT) than that of women without PCOS, and
VAT has been positively correlated with total
androgen levels suggesting obesity plays a
crucial role in PCOS [32]. Compared with
normal-weight PCOS patients, overweight
PCOS patients exhibit significantly higher
serum-free testosterone and free androgen
indices [33]. All evidence indicates that
androgens are closely related to obesity in
PCOS patients. However, current data on the
association between hyperandrogenism and
obesity are limited and controversial. Abdominal
obesity is a conditon of relative
hyperandrogenism. Androgens have been
shown to induce abdominal adipose
accumulation [34] and may cause adipose
tissue dysfunction, including increased lipid
accumulation and insulin resistance [35,36].
Lipogenic enzymes and antilipolytic genes are
overexpressed in the omental adipose tissue of
women with PCOS compared with that in non-
hyperandrogenic  women, meaning that
androgens may play an important role in
adipose lipid accumulation [36]. Androgens
have also been implicated in insulin-mediated
glucose dysmetabolism in adipose tissue.
Previous study observed insulin resistance in
subcutaneous adipose tissue in PCOS women,
due to elevated levels of Testosterone (T), which
inhibits insulin-mediated glucose uptake via
impairment of phosphorylation of protein kinase

C zeta in obese women [35]. Obesity,

particularly abdominal obesity, along with its
accomplice insulin resistance, also aggravates
hyperandrogenism  [37].  Obesity  mainly
manifests as increased levels of free fatty acids
(FFAs), cholesterol, triglycerides and various
apolipoprotein abnormalities [38]. Increased
FFAs decrease insulin sensitivity and reduce
glucose uptake in intramyocellular lipids [39].
FFAs can also activate serine/threonine kinases
and ultimately decrease the tyrosine
phosphorylation of IRS-1. Those reactions can
promote insulin resistance [40]. Abdominal
obesity and insulin resistance cooperatively
stimulate excess androgen synthesis in the
ovaries as well as the adrenal glands [41], with
subsequent increases in abdominal obesity and
inflammation, thus creating a pathological cycle.
In addition, adipocytes further produce leptin
and adiponectin via paracrine and autocrine
glands, in order to regulate androgen levels in
circulation. Serum leptin is increased in some
PCOS patients, and high leptin concentrations
inhibit the expression of aromatase mRNA in
GCs [39], thus preventing the conversion of
androgens to oestrogens, leading to increased
serum androgens levels and ultimately
promoting follicular atresia. Adiponectin is
secreted by adipose tissue and is one of the
most important adipose factors. Adiponectin has
been observed to improve insulin sensitivity,
which in turn reduces FFA intake as well as
gluconeogenesis. Shorakae and team reported
high adiponectin levels, which were negatively

correlated with the free-androgen index and
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fasting insulin. These were observed to be lower
in women with PCOS than in non-PCOS women
[42] Thus, concluding the diverse impact of
obesity on androgen levels via various
pathways.

Most studies have focused on the lipid
nephrotoxicity hypothesis based on Moorhead’s
work [43]. Scholars who buttress this hypothesis
believe that inflammation could be attributed to
hyperlipidemia. However, to date, the cellular
and molecular mechanism  associating
hyperandrogenism with renal disease is limited.
Lipid accumulation triggers renal dysfunction
through excessive ROS production. One of the
main sites for renal lipid accumulation is the
renal proximal tubule cells. High levels of
albumin-bound long-chain saturated fatty acids
are known to promote the progression of renal
tubular damage and interstitial fibrosis; excess
of Ox-HDL induced pro-inflammatory pathways,
including TNF-a and IL-6, and increased the
production of ROS [44,45]. PCOS causing
increased FFA leads to chronic inflammation
and develop severe renal degeneration and
glomerular damage, indicating that the
aggravation of obesity may itself exacerbate
existing kidney damage, perhaps due to the
overexpression of TNFa, IL-6, and monocyte
(MCP-1)  during

inflammation, which results in the thickening of

chemotactic ~ protein-1

the  glomerular  basement  membrane,

extracellular matrix, glomerulosclerosis [46]. In

particular, lipid accumulation can initiate ER
stress to enhance TNFa or IL-6 in HMC and HK2
cells, resulting in the increased production of
ROS and direct toxic effects on the kidney [46].
Elevated levels of ROS markers will aggravate
endothelial dysfunction and vascular disease in
CKD and cause an increase in uremic toxins uric
acid and creatinine [47]. As a result of oxidative
stress levels being increased, it is naturally
bound for lipid peroxidation level (MDA and
GSH) to increase and lipid antioxidant level will
decrease [48]. As a result of insulin resistance
causing hyperglycaemia, lipid peroxidation
increases. However, due to increase in insulin
resistance, naturally lactate and lactate
dehydrogenase are bound to be elevated which

was pointed out in the result [49].

CONCLUSION:

The present study therefore indicates that
letrozole-induced hyperandrogenism resulting in
elevated levels of testosterone and insulin
resistance causes renal dysfunction, which is
accompanied by renal lipid peroxidation and

inflammation.
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