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Abstract

Background: polycystic ovary syndrome (PCOS) isametabolic disorder with menstrual and ovula-
toryirregularitiesandelevatedrisk factors forreproductive diseasesthataffects womeninreproduc-
tiveages. Asignificantnumber ofpatients with PCOS have insufficientlevels of vitamin- D (Vit-D).
Thisstudyaimedtoinvestigate the effect of Vit-D onthe expression of micro-RNAsin PCOS inrats.
Materials and Methods: 24 female rats randomly were divided into four groups, including:
1) Control., receiving no drug (testosterone enanthate or Vit-D), 2) Pos., receiving the sol-
vent of testosterone enanthate and Vit-D (ethanol), 3) induction of PCOS, receiving testoster-
one enanthate, and 4) Vit-D: treatment with Vit-D. The blood serum, used for the extraction
of miR-186, mir-29, mir-21, Lnc ROR, Lnc MALA1, and H19 Lnc exosomes and the exo-
somes were separated from the serum. Data analysis was conducted using the ANOVA sta-
tistical test and SPSS software version 16 to examine significance at the level of P<0.05.
Results: The results showed that the expression of miR-186 was significantly increased in
the Vit D group compared to the PCOS group (P<0.01). Similarly, miR-21 expression was
significantly higher in the Vit D group than in the PCOS group (P<0.001). However, no sig-
nificant difference was observed in miR-29 expression between the Vit D and PCOS groups
(P>0.05). Additionally, the expression of LncRNA H19 (P<0.05), Lnc ROR (P<0.001), and Lnc
MALAT1 (P<0.01) was significantly higher in the PCOS group compared to the Vit D group.
Conclusion: These findings suggest that Vit-D plays a regulatory role in the expression
of exosomal miRNAs and IncRNAs involved in PCOS pathogenesis. Given its potential
to modulate genetic factors associated with PCOS, Vit-D supplementation could be con-
sidered as a supportive therapeutic strategy for managing PCOS. However, further stud-
ies are needed to explore its precise molecular mechanisms and clinical implications.
[GMJ.2025;14:e3759] DOI:10.31661/gmj.v14i.3759
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Introduction acterized by ovulatory dysfunction, hyperan-
drogenism, and polycystic ovarian morphol-

Polycystic Ovary Syndrome (PCOS) is a ogy [1]. In Iran, its prevalence ranges from
prevalent endocrine disorder affecting 7.1% to 14.6% [2]. PCOS is associated with
8-11% of women of reproductive age, char- metabolic complications such as insulin re-
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sistance, impaired glucose metabolism, dys-
lipidemia, hypertension, and cardiovascular
disease [3]. It is diagnosed based on criteria
from the National Institutes of Health (NIH),
Rotterdam, or the Androgen Excess Society,
incorporating hormonal imbalance and ovari-
an morphology [4].

Vitamin- D (Vit-D), a steroid hormone, plays
a crucial role in reproductive function by
influencing ovarian follicular growth, an-
ti-Miillerian hormone signaling, and proges-
terone production [5]. Women with PCOS of-
ten exhibit Vit-D deficiency, which has been
linked to increased androgen levels and met-
abolic disturbances [6]. Studies suggest that
Vit-D may modulate molecular pathways in-
volved in PCOS pathogenesis, including the
regulation of microRNAs (miRNAs) and long
non-coding RNAs (IncRNAs) [7].

Exosomes, small extracellular vesicles se-
creted by various cell types, play a key role
in intercellular communication by transferring
miRNAs and IncRNAs [8]. These molecules
have been implicated in PCOS, with altered
expression profiles observed in affected in-
dividuals [9]. miR-186, miR-21, and miR-29
regulate granulosa cell function, apoptosis,
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and steroidogenesis [ 10], while IncRNAs such
as Lnc-ROR, Lnc-MALAT1, and Lnc-H19 in-
fluence ovarian function and metabolic path-
ways [11]. This study aimed to investigate
the effect of Vit-D on the expression of mi-
cro-RNAs including miR-186, mir-21, mir-29
and Lnc ROR, Lnc MALA1 and Lnc H19 of
serum exosomes in PCOS in rats.

Method and Materials

24 prepubertal (21-day-old) female Wistar
rats (250 £ 20 g) were randomly assigned to
four groups (n=6) and housed under standard
conditions (20-24°C, 12 h light/dark cycle, ad
libitum food and water) at the School of Basic
Sciences, Islamic Azad University, Mashhad.
Rats with 2-3 regular estrous cycles over 12—
14 days of vaginal smear observation were
selected. The study was approved by the In-
stitutional Animal Care and Use Committee
(IACUC). Only the PCOS and PCOS + Vit-D
groups developed polycystic ovary syndrome
(PCOS), allowing comparisons between base-
line (negative control), testosterone solvent
effects (positive control), and PCOS with/
without treatment [28-30].
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Figure 1. The relative expression of miR-21 (A), miR-29 (B) and miR-186 (C) in serum exosomes of PCOS compared to control and
Vit-D groups. The graphs show measurement data, expressed as meantstandard deviation
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Vaginal Smear for Determining the Sexual
Cycle

Vaginal smears were used to assess estrous
cycle regularity. Rats with two to three con-
secutive regular cycles were selected. Cycle
stages were determined by analyzing predom-
inant cell types in daily vaginal smears from
day 10 until the experiment's end [32].

Induction of PCOS Phenotype

Several hormonal and non-hormonal meth-
ods, including testosterone, estradiol valerate
(EV), dehydroepiandrosterone (DHEA), and
adrenocorticotropic hormone (ACTH), can
induce the PCOS phenotype. In this study,
testosterone was used for hormonal induction
in selected rats [30].

Preparation of Testosterone Solution

PCOS was induced using testosterone enan-
thate (Iran Hormone Company), dissolved in
sesame oil and ethanol, at a dose of 6 mg/100
g body weight (BW) for subcutaneous injec-
tion in the neck region over 35 days [30].

Preparation of Vit-D Solution
Vit-D 3 (Iran Caspian Supply Company) was
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injected into rats at a specific dose (ng/g BW).
To prepare the solution, 100 pl of Vit-D was
mixed with 900 pl of sesame oil, followed by
a second dilution with 100 pl of this mixture
and 900 pl of sesame oil. The resulting solu-
tion was further diluted by combining 100 pl
with 6.6 ml of sesame oil, reaching a final vol-
ume of 6.6 ml. Each rat received an injection
of 20 units using an insulin syringe with the
final solution.

Animal Groups

Animals were randomly divided into 4 groups:
(n=6)

1) Negative control group (entitled Control.):
Receives no substance or drug (testosterone
enanthate or Vit-D).

2) Positive control group (receiving testoster-
one solvent; ethanol) (entitled Pos.): Receives
0.2 ml sesame oil and 0.01 ml 95% ethanol
subcutaneously in the back of the neck for 35
days.

3) PCOS group: PCOS induction by daily
subcutaneous injections of 6 mg/kg testoster-
one for 35 days in the back of the neck [28].
4) PCOS group with Vit-D treatment (untitled
Vit D): Injected intraperitoneally with 120

LncRNA H19

Figure 2. The relative expression of Lnc-ROR (A), Lnc-RNA H19 (B) and Lnc-RNA MALAT1 (C) in serum exosomes of PCOS compared
to control and Vit-D groups. The graphs show measurement data, expressed as meanztstandard deviation
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ng/g BW of Vit-D once a week for 5 weeks
[30, 33].

Instead of daily dosing, we used a weekly
dose to reduce animal stress [29].

Ovarian Tissue and Serum Sampling
Animals were euthanized under deep anes-
thesia using chloroform inhalation for ovari-
an extraction and histological studies. Blood
samples were collected from the heart, and
serum was obtained by centrifugation at 3000
rpm for 5 minutes. Serum, stored at -70°C,
was used for miR-186, miR-29, miR-21,
Lnc ROR, Lnc MALAI, and H19 Lnc exo-
some extraction. Ovaries were removed, fixed
in 10% formalin, and tissue sections were
stained with hematoxylin-eosin for micro-
scopic examination [32].

Exosome Extraction and Characterization
from Serum

Exosomes were extracted from serum using
the exoRibo™ Exosome Isolation Kit (Ana-
sal) and separated via ultracentrifugation.
Exosome characteristics, including morphol-
ogy and diameter, were assessed using trans-
mission electron microscopy (TEM) after fix-
ation with 1% glutaraldehyde. The size and
percentage of exosomes were determined by
dynamic light scattering (DLS) using a Zeta-
sizer instrument in a 100 uL. phosphate buffer.
This non-destructive, rapid, and cost-effective

Effect of Vit-D on micro-RNAs in PCOS Rats

method quantified exosome diameter within
the nanometer to micron range, confirming
the isolation method [13].

RNA Extraction and Real-time RT-PCR
mRNAs were extracted from ovarian tissues,
and complementary DNAs (cDNA) were syn-
thesized. Real-time PCR amplification was
performed using a LightCycler and target gene
primers (Macrogene, Seoul, Korea; Roche Di-
agnostics, Mannheim, Germany). Glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH)
served as the housekeeping gene [34]

Data Analysis

Data were expressed as mean + standard er-
ror. Statistical significance between groups
was assessed using one-way ANOVA, with a
significance level set at P<(.05.

Ethics
IR.JAU.MSHD.REC.1401.042 (https://ethics.
research.ac.ir/IR.TAU.MSHD.REC.1401.042)

Results

Effects of Vit-D on the Expression of miR-21,
miR-29 and miR-186 in Serum Exosomes of
PCOS

The relative expression of miR-21 (part A),
miR-29 (part B) and miR-186 (part C) follow-
ing the treatment with Vit-D are shown in the

Figure 3. The TEM image of exosomes
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Figure-1. As it has been shown in part A, the
expression of miR-21 significantly decreased
in Pos., PCOS and Vit D groups compared to
control (P<0.001). Treatment with Vit-D sig-
nificantly increased the miR-21 expression in
PCOS group (P<0.001). In addition, the miR-
21 expression in Pos. groups significantly
were higher than PCOS (P<0.001). The miR-
29 expression (part B) was reduced in PCOS,
Vit D (P<0.001) and Pos. (P<0.01) groups in
comparison with Control. On the contrary, the
miR-29 expression was elevated in Pos. com-
pared to Vit D (P<0.05). Significant reduced
miR-186 expression in Pos., PCOS and Vit
D vs. control (P<0.001) is shown in Figure-1
part C. Treatment with Vit-D significantly
increased miR-186 expression compared to
PCOS (P<0.01).

Effects of Vit-D on the Expression of Lnc-
ROR, Lnc-HI19 and Lnc-MALATI in Serum
Exosomes of PCOS

To further explore the effect of Vit-D in
PCOS, the relative exosomes expression was
performed, which are shown in Figure-2. As it
is depicted in Figure-2, part A, Lnc_ ROR ex-
pression in PCOS (P<0.001), Vit D (P<0.001)
and Pos. (P<0.01), was elevated vs. con-
trol group. PCOS induction significantly in-
creased Lnc-ROR expression compared to Vit
D and Pos. (P<0.001).

As it has been shown in Figure-2 part B, the
expression of Lnc-RNA HI19 significantly

Attarian F, et al.

decreased in Pos., PCOS and Vit D groups
compared to control (P<0.001). However,
Lnc-RNA H19 expression in Pos. significant-
ly was higher than Vit D groups (P<0.01). In
addition, in PCOS Lnc-RNA H19 significant-
ly was higher than Vit D (P<0.05).

Lnc-RNA MALAT1 expression is shown
in Figure-2 part C. As it is shown Lnc-RNA
MALATI1 expression was elevated in Pos.,
PCOS, Vit D groups (P<0.001) in comparison
with Control. Induction of PCOS significant-
ly increased Lnc-RNA MALAT1 expression
in comparison with Pos. and Vit D groups
(P<0.01).

The Image of TEM

The exosomes that were obtained, as evi-
denced by the Transmission Electron Micros-
copy (TEM) image, were found to possess the
typical characteristics associated with their
kind (Figure-3). This includes a morphology
that is considered standard for exosomes. Fur-
thermore, their diameter was also within the
expected range for such entities (30-150 nm)
[36-39]. This information was derived from
the TEM image, which provided a detailed
visual representation of the exosomes. The
image served as a reliable source for confirm-
ing the normalcy of the exosomes’ physical
attributes.

DLS Analysis Results
An analysis of exosome size was conducted

Size dispersion by Intensity

Intensity (u.a.)

Figure 4. DLS analysis of exosomes
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using the Dynamic Light Scattering (DLS)
method, and the results are depicted in the
graph below (Figure-4). The findings revealed
that the average size of the exosomes is ap-
proximately 139.56 nm, which was consid-
ered to be within the acceptable range for such
vesicles. The graph also provides information
on the hydrodynamic diameter, a measure that
encompasses both the average particle diam-
eter and the charge surrounding it. This diam-
eter is reported to be 224.21 nm. Moreover,
the Polydispersity Index (PDI), a metric used
to gauge the distribution of particle sizes, is
reported as 0.17 nm. This relatively low PDI
value implies that the exosomes are dispersed
uniformly and are monodisperse, suggesting a
high level of consistency in their size distribu-
tion. Based on the data presented in the graph,
it can be inferred that the exosomes display
characteristics that align with their expect-
ed properties. These include a standard size
range, a typical hydrodynamic diameter, and
a uniform dispersion.

Histology

The ovarian sections are shown in the Fig-
ure-5. The images demonstrate the histologi-
cal data in Neg., Pos., PCOS, and Vit D groups
in part A, B, C and D, respectively. In the
Neg. and Pos. groups, the number of growing
follicles is less than in the PCOS group, and

Effect of Vit-D on micro-RNAs in PCOS Rats

the number of antral follicles and corpus lu-
teum is greater than in PCOS. In the PCOS,
the number of secondary growing follicles
increased. Antral follicles and corpus luteum
were fewer than in the Neg. and Pos. groups.
In the Vit D, the number of secondary follicles
is less than in the PCOS and close to the Neg.
and Pos. groups. Additionally, the number of
antral follicles is greater than in PCOS, and
the number of secondary follicles is less than
in the PCOS.

Discussion

In the present study, the effects of Vit-D on
the expression of exosomal miRNAs and In-
cRNAs were investigated in a rat model of
PCOS. To investigate this, serum exosomes
were extracted and the relative expression of
miR-21, miR-29, miR-186 and Lnc-ROR, Ln-
cRNA H19 and LncMALAT1 in serum exo-
somes were measured. The results showed
that the expression of miR-186 and miR-21
was increased in Vit-D -treated PCOS group
compared to the PCOS. However, miR-29 ex-
pression were not notably reduced in PCOS.
On the other hand, the expression of LncRNA
H19, LncROR and LncMALAT1 was elevat-
ed in the PCOS compared to the Vit-D -treat-
ed PCOS group.

It is discovered that overexpression of serum

Figure 5. The histological image of ovarian sections in Neg. (part A), Pos. (part B), PCOS (part C), and Vit D (part D) groups.

GM1J.2025;14:e3759
WWW.gmj.ir



Effect of Vit-D on micro-RNAs in PCOS Rats

miR-21 is found in PCOS and it is consid-
ered as a biomarker for PCOS diagnosis [21].
Other study showed that the serum levels of
miR-21 circulation is higher in women with
PCOS than healthy individuals [21]. In anoth-
er study, the regulation of miR-21 and miR-
186 and high DNA damage frequency is in-
vestigated in PCOS. According to this study
increased DNA breakage frequency and miR-
21 and miR186 expression levels in animals
are indicative of chronic inflammation and
oxidative stress, which are the primary caus-
es of PCOS [40]. In the present study, induc-
tion of PCOS did not increase expression of
miR-21 and miR-186 that is in contrary with
these findings. But in another research, scien-
tists investigated the dual role of miR-186 in
cancer and found that the effects of miRNA
dosage-dependent and frequency goals may
help to understand the contradictory role of
miR-186 in cancers [41].

So the different results in the present study
can be attributed to the different doses. The
role of miR-21 as a regulator of apoptosis and
GCs proliferation in PCOS is investigated
that showed the miR-21 is elevated in GCs
of PCOSs [42], they also found a correlation
between the expression levels of miR-186
in GCs and estradiol levels in women with
PCOS, indicating that these two miRNAs
could be used as new insights into the patho-
physiology of PCOS [43].

The researchers evaluated the levels of miR-
NA in follicular fluid during IVF treatment
in patients with PCOS (hyperandrogenic and
normoandrogenic) and healthy individuals.
The study showed that miR-29 decreased in
follicular fluid of PCOS women since miR-
29a-3p is associated with increased cellular
growth by inhibiting homologous phospha-
tase and tenascin. Low levels of miR-29 po-
tentially exacerbate the hormonal imbalance
observed in PCOS by targeting two predicted
target genes of miR-29 [44]. In another study,
researchers induced PCOS in rats to confirm
the molecular mechanisms underlying met-
formin in the intra-tissue environment. H19/
miR-29b-3p/MMP-9 and H19/miR-29b-3p/
MMP-2 signaling pathways were involved in
PCOS, which was confirmed by metformin
treatment of H19/miR-29b-3p and MMP-9/
MMP-2/miR-29b-3p interactions [45]. These
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findings are in line with our results, as induc-
tion of PCOS following injection of Testos-
terone, decreased miRNA-29 expression in
PCOS rats.

In the present study, the expression of LncRNA
H19, LncROR and LncMALAT1 was elevat-
ed in the PCOS. These findings are in line
with other studies that faced increased levels
of Lnc in PCOS. For example, researchers as-
sessed the plasma levels of MALAT1 as a bio-
marker for metastasis evaluation in epithelial
ovarian cancer (EOC) in women with EOC
by reverse transcription-quantitative poly-
merase chain reaction (RT-qPCR) to detect
plasma MALAT1 levels. The comparison of
results between this group and healthy women
showed a significant increase [46]. In another
study, scientists found that the expression of
MALAT1 decreased in the ovarian tissue of
PCOS rats. Overexpression of MALAT1 in
laboratory conditions increases the prolifera-
tion and inhibits apoptosis of granulosa cells
in the ovary. Overexpression of MALATI
under in vivo conditions leads to a decrease
in ovarian tissue damage and a decrease in
FSH levels in PCOS mice. Overexpression of
MALATT is associated with certain miRNAs
[47].

Also,They found that metformin suppressed
the expression of Lnc-H19 while increasing
the expression of miR-29b-3p in a rat mod-
el of PCOS. Therefore, the role of metformin
in PCOS was confirmed through the study of
the activity of Lnc-H19 and AMPK signaling
pathways in cell samples or serum collected
from PCOS rats [45]. Other study showed that
the expression of Lnc-H19 was significantly
positively regulated in ovarian tissue of wom-
en with PCOS as well as GCs. Suppression
of Lnc-H19 inhibited GC proliferation due to
apoptosis stimulation [48]. In another study,
researchers examined the expression levels
of Lnc-ROR and miR-206 in the serum of
individuals with PCOS to study the role and
molecular mechanism of Lnc-ROR in PCOS.
The results showed that the expression level
of Lnc-ROR was increased in PCOS patients,
while the expression level of miR-206 de-
creased compared to the control group [49]. In
our study, miRs associated with PCOS prev-
alence decreased by treatment of Vit-D as it
has been showed in some other studies [18,

GM1J.2025;14:e3759
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50-53]. Also, several studies have proved the
effect of Vit-D on reduction of LncRNAs [54-
59]. For instance Vit-D deficiency decreases
Lnc- MALATT1 [58] and it is discovered that
Vit-D  regulates the expression of several
IncRNAs [60] in consistent with our results
which are showing the role of Vit-D in re-
ducing LncRNAs . Generally, in PCOS, the
interaction between Vit-D levels may be asso-
ciated with the regulation of miRNA secretion
by exosomes, but the exact underlying mech-
anism is not yet fully understood.

Conclusion

These findings suggest that Vit-D may have
a regulatory role in the expression of exoso-
mal miRNAs and IncRNAs involved in the
pathogenesis of PCOS. The downregulation

Effect of Vit-D on micro-RNAs in PCOS Rats

of miR-186 and miR-21 may contribute to the
development of PCOS, while the upregulation
of miR-29, Lnc-ROR, LncRNA H19 and Lnc-
MALATI1 may be associated with the disease
progression. Based on our findings, it can be
concluded that Vit-D may be considered as an
important factor in reducing the expression of
genetic factors associated with PCOS. More-
over, it is possible that Vit-D can decrease the
expression of genetic factors related to PCOS.
However, further research and investigation
are needed to elucidate the underlying mech-
anisms and potential therapeutic applications
of Vit-D in PCOS.
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