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R E S E A R C H  A R T I C L E

BACKGROUND: Polycystic ovary syndrome (PCOS) is characterized by hyperandrogenism, anovulation, chronic 
inflammation, and oxidative stress. Current treatments mainly relieve symptoms without addressing ovarian damage. 
Human umbilical cord–derived mesenchymal stem cell (hUC-MSC) secretome is a cell-free product with anti-

inflammatory, antioxidant, and regenerative effects that avoids cell-related risks, but its role in PCOS remains unclear. This 
study was conducted to evaluate its effects on ovarian tumor necrosis factor (TNF)-α, oxidative stress, and serum estradiol in 
letrozole-induced PCOS rats.
METHODS: Thirty female Wistar rats were assigned to a normal group, untreated PCOS-induced group, and PCOS-induced 
groups treated with either 200, 300, or 400 µL hUC-MSC secretome. PCOS was induced with letrozole for 21 days, and 
confirmed by vaginal cytology on day-22. Ovarian TNF-α expression, serum estradiol, ovarian malondialdehyde (MDA), 
and ovarian superoxide dismutase (SOD) activity were measured using reverse transcription quantitative polymerase chain 
reaction (RT-qPCR), enzyme-linked immunosorbent assay (ELISA), the thiobarbituric acid reactive substances (TBARS) 
assay, and the water-soluble tetrazolium salt (WST) assay, respectively. 
RESULTS: Letrozole successfully induced PCOS characteristics, which was marked by persistent diestrus and ovarian 
histological alterations in PCOS-induced groups. Compared with the untreated PCOS group, group receiving 200 µL hUC-
MSC secretome showed lower ovarian TNF-α expression and MDA levels, as well as higher SOD activity and serum estradiol 
concentrations, approaching normal control values, although these differences were not statistically significant. Compared 
with the other hUC-MSC concentrations, the 200 µL dose showed the most consistent trend across inflammatory, oxidative 
stress, and hormonal parameters.
CONCLUSION: Administration of hUC-MSC secretome, especially 200 µL dose, showed a trend toward reduced ovarian 
inflammation and oxidative stress in PCOS rats. These findings suggest that hUC-MSC secretome may have potential as a 
complementary treatment for PCOS. 
KEYWORDS: polycystic ovary syndrome, hUC-MSC secretome, TNF-α, oxidative stress, estradiol 

Indones Biomed J. 2026; 18(5): 488-97

Abstract

Copyright © 2026 The Prodia Education and Research Institute.
This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International (CC-BY-NC) License.



489

Print ISSN: 2085-3297, Online ISSN: 2355-9179The Indonesian Biomedical Journal, Vol.18, No.5, October 2026, p.416-519

Polycystic ovary syndrome (PCOS) is a multifactorial 
disorder associated with impaired reproductive and 
metabolic function.(1) Beyond its hallmark features 
of hyperandrogenism and ovulatory dysfunction, the 
syndrome is often accompanied by insulin resistance, 
obesity, dyslipidemia, and other cardiometabolic 
abnormalities. Emerging evidence suggests that interactions 
among endocrine dysregulation, chronic inflammation, 
and oxidative stress contribute substantially to disease 
development and progression.(2)
	 Among the inflammatory mediators involved in 
PCOS, tumor necrosis factor (TNF)-α plays a central role 
in the chronic low-grade inflammation characteristic of 
the disorder.(3) Excessive TNF-α signaling contributes to 
ovarian dysfunction through impairment of granulosa cell 
survival and steroidogenic activity, ultimately interfering 
with normal follicular development and ovulation.(3) 
Furthermore, TNF-α participates in a broader inflammatory 
network by promoting downstream cytokine product ion, 
thereby sustaining chronic ovarian inflammation.(3,4) This 
inflammatory state is closely linked to oxidative stress, as 
TNF-α stimulates the generation of reactive oxygen species 
(ROS) in ovarian cells.(4)
	 Oxidative imbalance in PCOS arises when ROS 
generation exceeds the capacity of endogenous antioxidant 
defenses. Persistent oxidative stress damages cellular 
macromolecules and compromises ovarian function, 
creating conditions that further aggravate inflammatory 
signaling.(4,5) Elevated malondialdehyde (MDA) and 
altered superoxide dismutase (SOD) activity are among the 
most frequently reported biomarkers of oxidative imbalance 
in PCOS.(5) Persistent oxidative stress also amplifies 
inflammatory signaling, establishing a pathological 
inflammatory-oxidative cycle that contributes to disease 
progression.(4)
	 Inflammation and oxidative stress directly affect 
ovarian steroidogenesis. Excessive ROS suppresses 
aromatase activity and impairs the conversion of androgens 
into estradiol, resulting in reduced estrogen production 
and impaired follicular development.(6) Consequently, 
simultaneous evaluation of TNF-α, oxidative stress 
biomarkers, and estradiol may provide a comprehensive 
assessment of ovarian function in PCOS. Since these three 
components are mechanistically linked, a therapeutic effect 
on one pathway may influence the others. However, previous 
studies of MSC-derived secretome in PCOS models have 

Methods

Animals and Housing
Thirty female Wistar rats (Rattus norvegicus; 6-8 weeks 
old; 120-150 g) were obtained from the Kemuning 
Laboratory Animal Center, Karanganyar, Indonesia. 
Animals were housed under controlled conditions (22±2°C, 
40-60% humidity, 12:12 h light-dark cycle) with free 
access to standard phytoestrogen-free chow and water.
(3) All procedures complied with institutional animal 
care guidelines and the American Veterinary Medical 
Association (AVMA) Guidelines for the Euthanasia of 
Animals (2020), and ethical approval was obtained before 
study initiation.(4,5) All procedures related to animal 
husbandry, intervention, and euthanasia were also performed 
in compliance with institutional ethical standards and the 
principles of Replacement, Reduction, and Refinement 
(3Rs). All experimental procedures were conducted at 
the Integrated Research and Testing Laboratory (LPPT), 
Universitas Gadjah Mada, Indonesia.

Experimental Design and Group Allocation
Following acclimatization, the animals were randomly 
allocated into five groups: normal control rats (Normal), 

generally assessed them separately. Simultaneous evaluation 
of TNF-α, oxidative stress biomarkers, and estradiol in the 
same animals providing a more comprehensive assessment 
of ovarian function in PCOS than any single parameter 
alone.
	 Current treatments for PCOS mainly relieve 
symptoms without addressing ovarian damage. Human 
umbilical cord-derived mesenchymal stem cell (hUC-MSC) 
secretome exerts its biological actions through a complex 
repertoire of bioactive molecules, including soluble 
proteins, immunomodulatory mediators, extracellular 
vesicles, and regulatory nucleic acids, which collectively 
contribute to tissue repair mechanisms.(7,8) A previous 
study reported that MSC-derived secretome reduced 
inflammatory cytokine expression and improved ovarian 
morphology in an experimental model of PCOS.(9) Despite 
these findings, evidence regarding the integrated effects of 
hUC-MSC secretome on ovarian inflammation, oxidative 
stress, and endocrine function in letrozole-induced PCOS 
is still limited. Therefore, this post-test controlled quasi-
experimental study was performed to assess the effects of 
hUC-MSC secretome on these parameters in PCOS rats 
model.

Introduction
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untreated PCOS-induced rats (PCOS), and PCOS-induced 
rats treated with hUC-MSC secretome at 200 µL (Sec200), 
300 µL (Sec300), or 400 µL (Sec400). Sample size was 
calculated using the resource equation method (n = DF/k 
+ 1, with DF = 20 and k = 5), yielding five rats per group; 
one rat was added to each group to anticipate a 20% dropout 
(n = 6 per group). No positive control was included, as this 
study aimed to evaluate the dose-dependent effects of the 
secretome relative to untreated PCOS rats. The secretome 
was administered intraperitoneally on day-23, -25, -28, 
and -30 after letrozole induction.(10) Doses were based 
on a previous hUC-MSC secretome study in PCOS rats 
(10), with three escalating doses to assess a dose–response 
relationship, and all volumes were within recommended 
intraperitoneal limits for rats (11). The injection interval was 
chosen to allow ovarian tissue regeneration and immune 
response to the secretome’s bioactive factors.(12)

PCOS Induction with Letrozole 
PCOS was induced by oral administration of 1 mg/
kg body weight/day letrozole (Letrozole®, Lebrest; PT 
Ferron Par Pharmaceuticals, Bekasi, Indonesia) suspended 
in 0.5% carboxymethylcellulose (CMC) once daily for 
21 consecutive days (day-1 to day-21). Dosages were 
adjusted according to individual body weight throughout 
the induction period, while control animals received an 
equivalent volume of 0.5% CMC vehicle.

Estrous Cytology Assessment
Estrous cycle stages were determined by vaginal cytology 
using a modified protocol based on previous publication.
(13) Vaginal lavage was performed with approximately 0.2 
mL sterile normal saline, and collected cells were examined 
under a light microscope (400×) without staining. Estrous 
stages were identified according to the predominant cell 
type, including nucleated epithelial cells (proestrus), 
cornified epithelial cells (estrus), and leukocyte-dominant 
smears (metestrus/diestrus).(14) Daily smears were 
obtained from day-14 to day-21. Persistent diestrus, defined 
as ≥7 consecutive days of leukocyte-dominant smears, was 
used as an indicator of anovulatory arrest and successful 
PCOS induction.(15) Rats exhibiting persistent diestrus 
or irregular estrous cycles after 21 days were considered 
successfully induced, whereas control rats maintained a 
normal 4-5 day estrous cycle.(15,16)

hUC-MSC Secretome Preparation and Administration
Regenic® (PT Bifarma Adiluhung, Jakarta, Indonesia), 
the secretome used in this study, was derived from 

cultured hUC-MSCs and contains a variety of bioactive 
factors that contribute to paracrine-mediated regenerative 
effects.(7-9) The hUC-MSC secretome was administered 
intraperitoneally at doses of 200, 300, or 400 µL on day-23, 
-25, -28, and -30 following PCOS induction. The normal 
control and untreated PCOS groups received intraperitoneal 
injections of 200 µL of distilled water at the same time 
points as the secretome-treated groups (day-23, -25, -28, 
and -30) to control for injection-related stress. Animals were 
euthanized on day-33 for subsequent analyses.

Sacrifice and Tissue Collection
One additional rat per group (5 in each group, 35 rats 
overall) was euthanized on day-22 to confirm PCOS 
induction histologically; these animals were excluded 
from analysis, leaving six rats per group (30 in total) for 
treatment and final evaluation. The remaining animals (n = 
30) were euthanized on day-33 after treatment completion. 
Euthanasia was performed under intraperitoneal 80-100 mg/
kg ketamine anesthesia.(17,18) Blood and ovarian tissues 
were collected for hormonal, molecular, and biochemical 
analyses.(11) Carcasses were disposed of according to 
institutional biosafety regulations.

Histological Evaluation of Ovarian Tissue
Ovaries collected on day-22 were examined histologically 
to confirm PCOS induction based on characteristic features, 
including cystic follicles, granulosa cell thinning, reduced 
corpus luteum formation, and stromal thickening.(16) 
Histological findings were compared between control 
and letrozole induced animals prior to treatment. Day-33 
histological evaluations were performed but not included as 
primary outcomes.

RNA Extraction and Quantitative Real-Time PCR 
Analysis
Gene expression profiling was conducted by evaluating 
the ovarian tissue-derived RNA. Following RNA 
isolation and cDNA synthesis in accordance with the 
manufacturer's protocol (Cat. No. RK20433-100RXN; 
ABclonal Technology, Wuhan, China), the abundance 
of the TNF-α transcript was measured by reverse 
transcription quantitative polymerase chain reaction 
(RT-qPCR). Relative gene expression was calculated  
using  the  comparative  2−ΔΔCt  approach,  with  β-actin  
employed  as  the  endogenous  control  for  normalization.
(19) The primer sequence for TNF-α was as follows: 
Forward: AACACACGAGACGCTGAAGT; Reverse: 
TCCAGTGAGTTCCGAAAGCC; meanwhile, for β-actin 



491

Print ISSN: 2085-3297, Online ISSN: 2355-9179The Indonesian Biomedical Journal, Vol.18, No.5, October 2026, p.416-519

Validation of the PCOS Model
Successful PCOS induction was confirmed by evaluation 
of vaginal cytology and ovarian histopathology. Vaginal  
cytology that was monitored from day-14 to -21 showed  
that all rats letrozole-administered rats (24 from 24, 100%) 
exhibited persistent diestrus with leukocyte-dominant 
vaginal smears for at least 7 consecutive days, whereas the 
normal control rats (0 from 6, 0%) maintained regular estrous 
cycles. PCOS induction was confirmed on day-22 before 
hUC-MSC secretome administration. The representative 
cytological findings corresponding to each phase of the 
estrous cycle were shown in Figure 1, with black arrows 
indicating the dominant cell population. 

Results

was  as  follows:  Forward:  CATGTACGTAGCCATCCA-
GGC; Reverse: CTCTTTAATGTCACGCACGAT. 

Measurement of SOD Activity
Assessment of ovarian antioxidant status was performed 
through determination of SOD activity using a WST-based 
colorimetric assay (Cat No. E-BC-K020-M; Elabscience 
Biotechnology, Wuhan, China). Enzymatic activity 
was measured spectrophotometrically at 450 nm and 
subsequently adjusted for total protein content. Final results 
were reported as U/mg protein.(20)

Measurement of MDA Concentration
Lipid peroxidation within ovarian tissue was evaluated 
through measurement of MDA concentration using a 
TBARS-based assay (Cat. No. E-BC-K025-S; Elabscience 
Biotechnology). Following reaction with the assay reagents 
and heat-induced derivatization, samples were analyzed 
spectrophotometrically at 532 nm. MDA values were 
normalized to protein content and reported as nmol/mg 
protein.(21)

Measurement of Serum Estradiol
Serum estradiol was quantified by enzyme-linked 
immunosorbent assay (ELISA) using a commercially 
available kit (Cat. No. E-EL-0152; Elabscience 
Biotechnology). Concentrations were derived from a 
standard calibration curve generated within each analytical 
run and were presented as pg/mL.(22)

A B

C D

Figure 1. Representative vaginal 
cytology corresponding to the 
different stages of the rat estrous 
cycle. A: Proestrus characterized 
by abundant nucleated epithelial 
cells. B: Estrus, dominated by 
cornified epithelial cells. C: 
Metestrus, showing a mixed 
cellular composition consisting of 
nucleated epithelial cells, cornified 
epithelial cells, and leukocytes. 
D: Diestrus, characterized by 
leukocyte predominance. Black 
arrows indicate the dominant cell 
population observed in each stage. 
Vaginal samples were collected by 
lavage using sterile 0.9% saline 
and examined microscopically  
for estrous cycle determination 
and identification of persistent 
diestrus following the letrozole 
administration. Black bar: 50 µm.

Statistical Analysis
Statistical  analysis  was  performed  using  IBM  SPSS 
Statistics (IBM Corporation, Armonk, NY, USA). Data 
normality was assessed using the Shapiro-Wilk test, and 
homogeneity of variance using Levene’s test. Ovarian 
TNF-α expression and SOD activity met parametric 
assumptions and were analyzed using one-way ANOVA 
followed by Tukey’s HSD post hoc test. Ovarian MDA 
levels and serum estradiol concentrations did not meet the 
normality assumption and were analyzed using the Kruskal-
Wallis test. Data are presented as mean±SD, and statistical 
significance was set at p<0.05.
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Figure 2. Ovarian histology of the normal control (A) and letrozole-induced PCOS (B) groups stained with hematoxylin and eosin 
(H&E). Ovaries from the normal control group displayed preserved follicular architecture, including primary follicles (PF), secondary 
follicles (SF), Graafian follicles (GF), and corpus luteum (CL), indicating ongoing ovulatory activity. Ovarian sections from the PCOS 
group showed multiple cystic follicles (CF) accompanied by enlarged follicular spaces, attenuation of the granulosa cell layer, and reduced 
corpus luteum structures, consistent with disrupted follicular maturation and anovulation. Black bar: 200 µm.

	 Histological findings further confirmed successful 
induction of the PCOS phenotype. Representative ovarian 
sections were shown in Figure 2. Ovaries from the normal 
control group displayed follicles at various developmental 
stages and multiple corpus luteum structures, indicating 
normal ovulatory activity. In contrast, ovaries from letrozole-
induced animals demonstrated characteristic PCOS 
morphology, including multiple cystic follicles, thinning 
of the granulosa cell layer, stromal thickening, and reduced 
corpus luteum formation. These findings collectively 
confirmed successful induction of the experimental PCOS 
model prior to hUC-MSC secretome administration.

Administration of hUC-MSC Secretome Reduced 
Ovarian TNF-α Expression
Relative ovarian TNF-α expression was measured as an 
indicator of ovarian inflammatory activity following hUC-
MSC secretome administration. The distribution of TNF-α 
expression across experimental groups was shown in Figure 
3. Elevated TNF-α expression was observed in the untreated 
PCOS group relative to the other experimental groups, 
supporting the presence of ovarian inflammatory activation 
following letrozole induction. TNF-α expression was 
numerically lower in secretome-treated groups, especially 
Sec200, but differences among groups were not statistically 
significant. This may reflect the complex composition 
of the secretome, in which different bioactive molecules 
can exert varying effects on inflammatory pathways. 
Furthermore, the anti-inflammatory response may not be 
directly dose-dependent, as higher concentrations do not 

FP

FP

A B

necessarily produce greater therapeutic effects. However, 
because the differences were not statistically significant, 
these explanations remain hypothetical and require further 
investigation (p=0.17).

Administration of hUC-MSC Secretome Differentially 
Affected Ovarian SOD Activity
Ovarian SOD activity was evaluated to assess the 
antioxidant response following hUC-MSC secretome 
treatment. The activity profile of SOD across experimental 
groups was illustrated in Figure 4. Differences in ovarian 
SOD activity across experimental groups were modest. The 
untreated PCOS group displayed numerically greater SOD 
activity than normal controls, whereas secretome-treated 
animals exhibited a variable response pattern across doses. 
Activity levels were highest in Sec200, lower in Sec300, and 
increased again in Sec300, yielding values similar to those 
observed in normal animals. Statistical comparison showed 
that these variations did not reach significance (p=0.55).

Administration of hUC-MSC Secretome Differentially 
Affected Ovarian MDA Concentration
Ovarian malondialdehyde (MDA) concentration was 
measured to evaluate lipid peroxidation and oxidative stress 
status following hUC-MSC secretome administration. The 
distribution of MDA concentrations among experimental 
groups was illustrated in Figure 5. The PCOS group showed 
a slightly higher median ovarian MDA concentration than 
the Normal group. Among the secretome-treated groups, 
Sec200 showed the lowest median, Sec300 the highest 
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Figure 3. Relative ovarian TNF-α expression in the experimental 
groups. Relative gene expression was quantified by RT-qPCR 
using the 2−ΔΔCt method with β-actin as the reference gene and is 
presented as mean±SD. Normal: normal control; PCOS: negative 
control; Sec200: PCOS + 200 µL secretome; Sec300: PCOS + 
300 µL secretome; Sec400: PCOS + 400 µL secretome. Statistical 
analysis was performed using One-way ANOVA, showing no 
significant difference among groups (p=0.17).
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Figure 4. Ovarian superoxide dismutase (SOD) activity in the 
experimental groups. SOD activity was measured in ovarian 
tissue homogenates using a WST-based colorimetric assay. Data 
are presented as individual values with mean±SD. Normal: 
normal control; PCOS: negative control; Sec200: PCOS + 200 µL 
secretome; Sec300: PCOS + 300 µL secretome; Sec400: PCOS 
+ 400 µL secretome. Statistical analysis using One-way ANOVA, 
showing no significant difference among groups (p=0.55).

median with the widest data range, and Sec400 a median 
between those of Sec200 and Sec300. Individual values 
overlapped considerably across groups, and no significant 
differences were found (Kruskal–Wallis, p=0.31) (Figure 
5). Interquartile ranges and individual values overlapped 
considerably among groups, suggesting substantial 
variability and contributing to the absence of statistically 
significant differences (Kruskal-Wallis, p=0.31).
	 Among the secretome-treated groups, Sec200 showed 
the most favorable numerical trends for oxidative stress 
parameters, which show lower MDA levels and higher 
SOD activity. However, the response varied across doses, as 
SOD activity decreased in Sec300, suggesting a potentially 
non-linear dose response. These findings indicate that hUC-
MSC secretome, particularly at 200 µL, may have potential 
to modulate ovarian inflammation and oxidative stress in 
PCOS, although this effect might not be linear with the 
dosage.

Administration of hUC-MSC Secretome Differentially 
Affected Serum Estradiol Concentration
Serum estradiol concentrations were measured to evaluate 
ovarian endocrine function following hUC-MSC secretome 

administration. The distribution of serum estradiol 
concentrations among experimental groups was presented in 
Figure 6. The PCOS group showed a lower median estradiol 
concentration than the normal control group. Secretome 
treated groups generally exhibited higher median estradiol 
concentrations than the PCOS group, particularly Sec200, 
which showed the highest median value among treatment 
groups. Median estradiol concentration in the Sec400 group 
also appeared higher than that of the PCOS group, whereas 
Sec300 showed a relatively lower median value. The wide 
within-group variability may partly reflect differences 
in estrous cycle stage at sampling, as estrous cycles were 
not synchronized before induction. Interquartile ranges 
and individual values overlapped considerably among 
groups, indicating substantial within group variability 
and contributing to the absence of statistically significant 
differences (Kruskal-Wallis, p=0.59).

Discussion

Persistent diestrus was observed in all letrozole treated 
animals, whereas normal cyclicity was maintained in the 
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Figure 5. Ovarian MDA concentration in the experimental 
groups. MDA concentration was measured in ovarian tissue 
homogenates. Boxplots represent the median and interquartile 
range (IQR), with individual data points shown. Normal: normal 
control; PCOS: negative control; Sec200: PCOS + 200 µL 
secretome; Sec300: PCOS + 300 µL secretome; Sec400: PCOS 
+ 400 µL secretome. Statistical analysis using the Kruskal-Wallis 
test, showing no significant difference among groups (p=0.31).

Figure 6. Serum estradiol concentrations in the experimental 
groups. Serum estradiol levels were determined by ELISA. 
Boxplots  represent  the  median  and  interquartile  range (IQR), 
with  individual  data  points  shown.  Normal:  normal  control; 
PCOS: negative control; Sec200: PCOS + 200 µL secretome; 
Sec300: PCOS + 300 µL secretome; Sec400: PCOS + 400 µL 
secretome. Statistical analysis using the Kruskal-Wallis test, 
showing no significant difference among groups (p=0.59).

control group. Histological examination revealed multiple 
cystic follicles, granulosa cell thinning, stromal thickening, 
and reduced corpus luteum formation, indicating 
successful reproduction of key reproductive features of 
PCOS. Letrozole inhibits aromatase activity, resulting in 
androgen accumulation, impaired follicular maturation, 
and anovulation.(23) Alterations in hypothalamic-pituitary-
ovarian axis signaling further contribute to reproductive 
dysfunction, supporting previous findings that chronic 
letrozole exposure reproduces PCOS-like endocrine 
abnormalities.(24) Histological alterations observed in 
this study are characteristic of letrozole induced PCOS. 
Enlarged cystic follicles and reduced corpus luteum 
structures indicate follicular arrest and chronic anovulation, 
whereas granulosa cell thinning and stromal thickening are 
associated with hormonal imbalance, ovarian remodeling, 
and increased androgen production.(23,25) 
	 Ovarian TNF-α expression was evaluated as a marker of 
ovarian inflammation. The negative control group exhibited 
the highest TNF-α expression, whereas lower values were 
observed following hUC-MSC secretome administration, 
though not statistically significant. The observed pattern is 
consistent with reduced ovarian inflammatory activity after 
treatment. Elevated TNF-α expression is a characteristic 
feature of PCOS and has been associated with impaired 
granulosa cell function, disrupted follicular maturation, 

and altered steroidogenesis.(25,26) Activation of Nuclear 
factor-kappa B (NF-Κb) signaling further promotes a pro-
inflammatory ovarian environment.(27) Ovarian TNF-α 
expression is therefore widely used as an indicator of local 
inflammatory status in PCOS.
	 Lower TNF-α expression in secretome-treated 
animals may reflect the immunomodulatory effects of hUC-
MSC derived bioactive factors, including soluble mediators, 
extracellular vesicles, growth factors, and cytokines.(7,28) 
Previous studies have shown that MSC-derived secretome 
suppresses pro-inflammatory cytokine production, limits 
NF-κB activation, and promotes resolution of inflammation.
(29,30) The lowest TNF-α expression was observed in 
Sec200, suggesting that the 200 µL dose produced the 
most consistent biological response. Interpretation of this 
finding should remain cautious because substantial inter-
animal variability was present, a phenomenon commonly 
reported in experimental PCOS models.(25) The absence of 
statistical significance may also be influenced by the lack 
of biodistribution analysis and absence of estrous cycle 
synchronization before treatment and tissue collection. 
The overall expression pattern suggests a possible anti-
inflammatory trend of hUC-MSC secretome in PCOS, 
although the differences were not statistically significant.
	 Accumulating evidence indicates that oxidative 
stress contributes to ovarian dysfunction in PCOS through 
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disruption of follicular maturation, steroidogenesis, and 
inflammatory regulation.(4,5) Ovarian SOD activity and 
MDA  concentration  were  therefore  evaluated  to  assess 
redox homeostasis following secretome treatment. No 
significant differences were observed in SOD activity or 
MDA concentration among groups. The PCOS group showed 
relatively higher SOD activity than the normal control 
group, whereas the lowest median MDA concentration 
was observed in Sec200. Increased SOD activity in PCOS 
may represent a compensatory response to excessive ROS 
production aimed at maintaining redox balance.(31,32)
	 The lower median MDA concentration and relatively 
higher SOD activity observed in Sec200 suggest a 
more favorable oxidative balance following secretome 
administration. Extracellular vesicles, growth factors, and 
antioxidant-associated proteins contained within MSC-
derived secretome have been reported to reduce ROS 
accumulation and attenuate oxidative damage.(29,30) 
Substantial variability in SOD and MDA measurements 
was observed among animals, potentially contributing 
to the absence of statistical significance. Interpretation of 
these findings is also limited by the lack of biodistribution 
analysis, which precludes determination of the proportion 
of secretome-derived bioactive factors reaching the ovary.
(33,34) Descriptively, the Sec200 group showed the lowest 
mean MDA level and the highest mean SOD activity among 
the treatment groups; however, as these differences were not 
statistically significant, no optimal dose can be established 
from the present data.
	 Disturbances in steroidogenesis resulting from 
chronic inflammation, oxidative stress, and impaired 
folliculogenesis contribute to altered estradiol production 
in PCOS.(6,12) Serum estradiol concentrations did not 
differ significantly among groups. The PCOS group 
showed a lower median estradiol concentration than the 
normal control group, whereas higher median values were 
observed in secretome treated animals, particularly Sec200. 
Reduced estradiol production in PCOS is associated with 
impaired granulosa cell function and follicular arrest.
(6,12) Letrozole induced aromatase inhibition further limits 
the conversion of androgens to estrogens, resulting in 
disrupted ovarian steroidogenesis.(23,24) Higher estradiol 
concentrations observed after secretome administration may 
reflect partial restoration of ovarian function. Secretome 
derived extracellular vesicles, growth factors, and 
immunomodulatory mediators have been reported to support 
tissue repair and granulosa cell activity.(7,28) Modulation 
of inflammatory and oxidative pathways may also create 

a more favorable ovarian microenvironment for steroid 
hormone synthesis.(35,36) Interpretation of these findings 
is limited by the absence of estrous cycle synchronization 
before treatment and sample collection. The higher median 
estradiol concentration observed in Sec200 nevertheless 
suggests that the 200 µL dose produced the most consistent 
hormonal profile among the treatment groups.
	 Chronic inflammation, oxidative stress, and endocrine 
imbalance collectively contribute to the progression of 
ovarian dysfunction in PCOS by disrupting follicular 
development, steroidogenesis, and oocyte competence.
(2,5) Elevated TNF-α expression promotes granulosa 
cell dysfunction and amplifies inflammatory signaling, 
whereas increased lipid peroxidation further accelerates 
cellular injury within the ovarian microenvironment.
(25,27) Experimental evidence from reproductive disease 
models has demonstrated that suppression of TNF-α 
and MDA is associated with improved reproductive 
outcomes, underscoring the importance of controlling 
inflammatory and oxidative pathways in ovarian disorders.
(37) Preservation of endogenous antioxidant capacity has 
also been associated with reduced oxidative damage and 
improved tissue homeostasis, highlighting oxidative stress 
as a potential therapeutic target.(31,38)
	 Hormonal disturbances subsequently develop as a 
consequence of impaired follicular maturation and altered 
ovarian steroidogenesis. Clinical evidence in women with 
PCOS has shown that abnormalities in androgen-related 
hormonal profiles, including serum testosterone, sex 
hormone-binding globulin, and free androgen index, are 
closely associated with disease manifestations (39), while 
impaired granulosa cell function and oxidative stress further 
compromise aromatase activity and estradiol biosynthesis.
(6,33) These findings provide additional biological 
support for investigating hUC-MSC secretome as a cell-
free therapeutic strategy targeting multiple pathological 
pathways in PCOS rather than a single molecular target.
	 Several  findings  might  need  further  confirmation 
due to several limitations. First, the sample size was 
small (n=6 per group), which may have limited statistical 
power to detect between-group differences and may partly 
explain the lack of statistical significance. Second, animals 
were allocated to groups by order of arrival rather than by 
randomization, and outcome assessors were not blinded to 
group allocation, both of which may have introduced bias. 
Third, estrous cycle synchronization was not performed 
before induction, and the cycle stage of normal control 
rats at sampling was not standardized, which may have 
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Conclusion

The  200  µL dose  showed  a  favorable  trend,  with 
numerically lower ovarian TNF-α expression and MDA 
levels and higher SOD activity and serum estradiol 
concentrations  compared  with  untreated  PCOS  rats, 
although these differences did not reach statistical 
significance. These findings suggest a possible modulatory 
role of hUC-MSC secretome on ovarian function in PCOS 
and provide a basis for further studies with larger sample 
sizes to confirm its therapeutic potential.
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