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Abstract | Polycystic ovary syndrome (PCOS) is a heterogeneous endocrine-metabolic disorder associated with
hyperandrogenism, impaired insulin action, oxidative stress, and extra-ovarian tissue injury. This study compared blood
glucose, serum malondialdehyde/TBARS-estimated lipid peroxidation, and pancreatic histopathology in testosterone
propionate (TP)- and oestradiol valerate (EV)-induced PCOS rat models. Eighteen adult female Wistar rats were
randomly assigned to control, TP-induced PCOS, and EV-induced PCOS groups (n = 6 each). TP was administered
intraperitoneally at 100 mg/kg body weight for 12 consecutive days, whereas EV was administered intraperitoneally
at 2 mg/kg body weight for 2 days. PCOS induction was verified by oestrous-cycle disruption. Blood glucose was
measured using a glucometer, serum MDA was estimated using the thiobarbituric acid method, and pancreatic tissue
was evaluated after hematoxylin-eosin staining. EV induction produced the highest glucose level (232.17 + 91.30
mg/dL), and the large standard deviation was retained after verification against the original observation records,
without exclusion of any animal. TP induction produced the highest serum MDA/TBARS value (62.23 + 8.12 mg/
mL); the numerical values and laboratory-reported unit were retained after rechecking the laboratory calculation
sheet. Histopathological evaluation indicated that both hormone-induced models showed pancreatic vacuolization,
necrosis, and inflammatory cell infiltration, with EV showing a descriptively more necrosis-dominant pattern and
TP showing a descriptively more inflammation-dominant pattern. These findings suggest that TP and EV generate
distinct metabolic-oxidative phenotypes in PCOS rats. The combined assessment of glucose, MDA/TBARS, and
pancreatic morphology provides a descriptive interpretation of pancreatic involvement in PCOS-associated metabolic
dysfunction, without implying a fully confirmed molecular mechanism.
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INTRODUCTION based criteria are present: ovulatory dysfunction, clinical
or biochemical hyperandrogenism, and polycystic ovarian

Polycystic ovary syndrome (PCOS) is a common morphology, after exclusion of related disorders (Teede
endocrine disorder in reproductive-age females and is  ¢7 al., 2023). Therefore, polycystic ovarian morphology is
diagnosedinadultswhenatleast two of the three Rotterdam-  not mandatory for diagnosis in all adult patients. Beyond
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reproductive impairment, PCOS is increasingly recognized
as a systemic endocrine-metabolic disorder because
insulin resistance, compensatory hyperinsulinemia, low-
grade inflammation, and cardiometabolic risk frequently
accompany the reproductive phenotype (Genazzani and
Genazzani, 2023; Helvaci and Yildiz, 2025; Rasouli ez a/.,
2025). In experimental animals, hyperandrogenism may be
reflected by persistent oestrous-cycle disruption and ovarian
cystic changes, while associated gross or microscopic tissue
alterations depend on the induction model, duration, and
target organ examined.

Insulin resistance has a central role in PCOS pathogenesis
because reduced insulin-mediated glucose uptake can
increase circulating glucose and stimulate compensatory
insulin secretion. Hyperinsulinemia may further increase
ovarian androgen production and reduce sex hormone-
binding globulin, thereby maintaining the endocrine-
metabolic loop of PCOS (Armanini ez a/., 2022; Sadeghi
et al., 2022). Oxidative stress also contributes to PCOS
progression through reactive oxygen species generation,
mitochondrial dysfunction, lipid peroxidation,and impaired
cellular signaling (Yan ez a/., 2024). MDA is commonly
used as an end-product marker of lipid peroxidation and
oxidative membrane injury (Cordiano ez a/., 2023).

The pancreas is relevant to PCOS-related metabolic
dysfunction because pancreatic beta-cells compensate for
insulin resistance by increasing insulin secretion. Prolonged
glucose overload and oxidative stress may subsequently
impair beta-cell function and promote degenerative or
necrotic changes (Dinic ez 4/, 2022; Mukai e al., 2022).
Therefore, examining pancreatic histopathology together
with glucose and MDA/TBARS can help clarify whether
PCOS models produce comparable or divergent extra-
ovarian metabolic injury patterns.

Hormone-induced rodent models are widely used to study
PCOS mechanisms. TP models are commonly used to
represent androgen-driven PCOS phenotypes involving
insulin resistance, glucose disruption, inflammatory
activation, and follicular changes (Siahaan ez al, 2022;
Naseri ez al., 2024). Letrozole-induced models are also
widely used as an alternative androgen-excess PCOS
model and provide an additional reference point for
oxidative and inflammatory changes (Datu Agasi Mohd
Kamal ez al., 2022; Mirseyyed er al., 2024). EV models
can induce persistent oestrous alteration, cystic follicles,
hyperglycaemia, hyperinsulinemia, and oxidative imbalance
(Venegas ez al., 2019; Kokabiyan ez al., 2022; Farhadi-Azar
et al., 2023). The novelty of this work is the comparative
descriptive integration of blood glucose, serum MDA/
TBARS, and pancreatic histopathology to differentiate
hyperglycaemia-dominant and oxidative-stress-dominant

pancreatic responses in TP- and EV-induced PCOS rats.

This study aimed to compare blood glucose level, serum
MDA/TBARS level, clinical monitoring parameters
(general activity, hair coat condition, feed and water
intake, posture, response to handling, and mortality), gross
pancreatic necropsy findings, and pancreatic microscopic
alterations in female Wistar rats after TP and EV induction.

MATERIALS AND METHODS

ETHICAL APPROVAL

All procedures were conducted according to institutional
guidelines for the care and use of laboratory animals.
The study protocol was approved by the Research Ethics
Committee of Universitas Brawijaya under ethical approval
number 079-KEP-UB-2024. Animal handling, PCOS
induction, necropsy, intracardiac blood collection after
deep anesthesia, serum sampling, biochemical analysis, and
tissue processing were performed using procedures adapted
from previous PCOS animal-model work conducted at
Universitas Brawijaya (Oktanella ez a/., 2023; Oktanella ez
al., 2024).

STUDY AREA AND EXPERIMENTAL LOCATION

Animal acclimatization, hormonal induction, clinical
observation,  necropsy, serum  preparation, and
histopathological processing were carried out at the
Animal Experimentation Laboratory, Veterinary Anatomy
Laboratory, and Animal Disease Diagnostic Laboratory,
Faculty of Veterinary Medicine, Universitas Brawijaya,
Malang, Indonesia. These laboratories provided controlled
housing, sample collection, tissue fixation, and microscopic
examination facilities.

STUDY DESIGN AND ANIMALS

This study used a completely randomized experimental
design. Eighteen adult female Wistar rats (Ratfus
norvegicus), approximately 5-6 months old and weighing
130-180 g, were randomly divided into three groups (n
= 6 per group): control, TP-induced PCOS, and EV-
induced PCOS. The experimental grouping and hormonal

induction protocol are summarized in Table 1.

REAGENTS AND MATERIALS

Testosterone propionate (T-Probolin; Keifei Pharma
Co. Ltd., British Virgin Islands; androgenic steroid
preparation) was used for TP induction. Oestradiol valerate
(Progynon; Cadila Healthcare Ltd., India; long-acting
oestrogen ester preparation) was used for EV induction and
was diluted with sterile virgin coconut oil. Physiological
saline solution (0.9% NaCl) was used for vaginal swab
preparation and for the control group. Control rats received
physiological saline by the intraperitoneal route following
the same handling schedule as the induction groups; the
injection volume followed the original laboratory dosing
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Table 1: Experimental grouping and hormonal induction protocol for PCOS rat models.

Group Number of rats Treatment

Control 6
TP-induced PCOS 6

EV-induced PCOS 6
2 days

record and no additional intervention was introduced.
Methylene blue was used for vaginal cytology staining.
Ketamine hydrochloride (KTM-100 Ketamin; Guardian
Pharmatama, Indonesia) and xylazine hydrochloride (Xyla;
Interchemie, The Netherlands) were used for anesthesia
before euthanasia. MDA analysis used 0.9% NaCl, distilled
water, 10% trichloroacetic acid, 1 N hydrochloric acid, and
1% thiobarbituric acid reagent. Pancreatic tissue was fixed in
10%neutralbufferedformalinand processed forHE staining.

PCOS INDUCTION
VERIFICATION

TP induction was performed to represent an androgen-
dominant PCOS-like phenotype, whereas EV induction
was performed to represent an oestrogen-disrupted
phenotype with persistent oestrous alteration. The TP
protocol was adapted from Siahaan ez a/ (2022) and
Oktanella ez a/. (2024), while the EV protocol was
adapted from Venegas ez /. (2019) and Oktanella e7 al.
(2024). After hormonal induction, the oestrous cycle was
verified by vaginal swab. A sterile cotton swab moistened
with 0.9% NaCl was gently inserted into the vaginal
canal and rotated. The collected cells were smeared onto
glass slides, stained with methylene blue, and examined
microscopically. Oestrous-cycle phase was identified based
on the dominance of nucleated epithelial cells, cornified
epithelial cells, and leukocytes.

AND OESTROUS-CYCLE

CLINICAL MONITORING AND MORTALITY RECORDING

Clinical condition was monitored during acclimatization
and hormonal induction. The observed parameters included
general activity, hair coat condition, feed and water intake,
posture, and response to handling. Mortality was recorded
daily.No mortality occurred during the experimental period.

BLOOD GLUCOSE MEASUREMENT

Blood glucose was measured after hormonal induction
and before or during necropsy using a glucometer with
compatible glucose test strips. Blood was applied to the
strip according to the manufacturer instructions, and the
value was recorded in mg/dL.

EUTHANASIA, NECROPSY, AND GROSS EXAMINATION

Rats were anesthetized using a ketamine-xylazine
combination before euthanasia. After deep anesthesia,
euthanasiaandintracardiacblood collectionwere performed.

Physiological NaCl without hormonal induction

Testosterone propionate 100 mg/kg BW intraperito-
neally once daily for 12 consecutive days

Oestradiol valerate 2 mg/kg BW intraperitoneally for

Purpose

Negative control
Hyperandrogenic PCOS-like
model

Oestrogen-disrupted PCOS-
like model

This terminal collection method was included within the
approved experimental procedure under ethical approval
number 079-KEP-UB-2024. Necropsy was conducted
immediately through a midline abdominal incision. The
pancreas was examined macroscopically for colour change,
enlargement, congestion, haemorrhage, visible necrotic
foci, adhesion, and abnormal texture before tissue fixation.
Gross findings were interpreted descriptively because no
prospective gross pathology grading scale was applied.

SERUM PREPARATION AND MDA MEASUREMENT

Blood samples were allowed to clot and centrifuged
to separate serum. Serum was transferred into 1.5 mL
microtubes and stored at -20 degrees C until biochemical
analysis. Serum MDA concentration was estimated using
the thiobarbituric acid method described by Oktanella ez
al. [20]. Because thiobarbituric acid-based assays estimate
total thiobarbituric acid reactive substances (TBARS),
the values were interpreted as MDA/TBARS-estimated
lipid peroxidation rather than a fully specific MDA-only
measurement. Briefly, 100 microL. serum was mixed with
cold 0.9% NaCl and centrifuged. The supernatant reacted
with distilled water, trichloroacetic acid, hydrochloric acid,
and thiobarbituric acid reagent. After heating in a water
bath at 100 degrees C for 20-30 min and cooling to room
temperature, absorbance was measured at 532 nm using
a microplate reader. The numerical values and laboratory-
reported unit were retained after checking the original
laboratory calculation sheet.

PANCREATIC TISSUE COLLECTION,
EMBEDDING, AND HE STAINING
Pancreatic tissue was gently rinsed with physiological
saline and fixed in 10% neutral buffered formalin. Fixed
tissues were trimmed to appropriate size, dehydrated
through graded alcohol concentrations, cleared in xylene,
infiltrated with melted paraffin, and embedded in paraffin
blocks using standard histological technique (Suvarna ez
al., 2018). Paraffin blocks were sectioned at approximately
3-5 micrometers using a rotary microtome. Sections were
mounted on glass slides, deparafhinized, rehydrated, stained
with hematoxylin and eosin, dehydrated, cleared, and
mounted for microscopic evaluation.

PARAFFIN

PANCREATIC HISTOPATHOLOGICAL EVALUATION
Pancreatic histopathology was evaluated using a light
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microscope at 400x magnification. Five microscopic fields
were observed from each slide. The main lesions assessed
were cytoplasmic vacuolization, necrosis, and inflammatory
cell infiltration. Vacuolization was identified by clear
cytoplasmic spaces and degenerative cellular swelling.
Necrosis was identified by cytoplasmic eosinophilia, nuclear
pyknosis, karyorrhexis, karyolysis, and loss of cellular
outline. Inflammatory infiltration was identified by the
presence of inflammatory cells in pancreatic interstitial or
perivascular areas. Lesions were scored semiquantitatively
using the criteria as shown in Table 2.

Table 2: Pancreatic histopathological scoring criteria.

Score  Criteria

0 No observable lesion

1 Mild lesion involving <25% of observed field

2 Moderate lesion involving 25-50% of observed field

3 Severe lesion involving >50% of observed field
STATISTICAL ANALYSIS

Quantitative data were presented as mean =+ standard
deviation. Normality and homogeneity were checked before
parametric testing. Blood glucose and MDA/TBARS
levels were analyzed using one-way analysis of variance at
a 95% confidence level. When significant differences were
detected, post hoc pairwise comparisons were performed
using the least significant difference test, consistent with
the principles of post hoc comparison described by Kim
(2015). Histopathological scores were analyzed using a
non-parametric test because the data were semiquantitative
ordinal scores. A p value < 0.05 was considered statistically
significant. Correlation analysis between biochemical and
histopathological parameters was not added in the present
revision because the authors retained the original statistical
plan and did not recalculate or modify the dataset; therefore,
the integrated interpretation is presented as descriptive.

RESULTS

PCOS MODEL
OBSERVATIONS
The control group showed a regular oestrous cycle with
sequential proestrus, oestrus, metestrus, and dioestrus
phases. In contrast, hormone-induced groups showed
oestrous-cycle disruption after induction. TP-induced
rats showed irregular cyclicity characterized by persistent
oestrus followed by persistent dioestrus, whereas EV-
induced rats showed persistent oestrous disruption.
Clinical monitoring included general activity, hair coat
condition, feed and water intake, posture, response to
handling, and mortality. No mortality was recorded during
the experimental period.

GROSS NECROPSY FINDINGS

Gross pancreatic observations were evaluated before

VERIFICATION AND  CLINICAL

microscopic examination. Macroscopic assessment focused
on colour change, enlargement, congestion, haemorrhage,
visible necrotic foci, adhesion, and abnormal texture
(Figure 1). Because no prospective gross pathology grading
scale was applied, these macroscopic findings are presented
as descriptive observations only and were not included in
the statistical analysis.

Figure 1. Gross pancreatic observation in control and
hormone-induced PCOS rats. Representative macroscopic
photographs show pancreatic tissue from the control,
testosterone  propionate (TP)-induced PCOS, and
oestradiol valerate (EV)-induced PCOS groups. Gross
evaluation was performed immediately after necropsy and
focused on pancreatic colour, enlargement, congestion,
haemorrhage, visible necrotic foci, adhesion, and
abnormal tissue texture. The control group was used as the
physiological baseline, whereas the TP- and EV-induced
groups were assessed descriptively for gross pancreatic
alterations associated with hormone-induced PCOS-
related metabolic disturbance. Because no prospective gross
pathology scoring system was applied, the macroscopic
findings are presented as descriptive observations only.

TP-induced PCOS

Control EV-induced PCOS

Figure 1: Gross pancreatic appearance in control and
hormone-induced PCOS rats. Representative macroscopic
photographs show pancreatic tissue from the control (A),
testosterone propionate (TP)-induced PCOS (B), and
oestradiol valerate (EV)-induced PCOS (C) groups. Yellow
arrows indicate the pancreatic region. Gross assessment
tfocused on colour, enlargement, congestion, haemorrhage,
visible necrotic foci, adhesion, and abnormal tissue texture.
Because no prospective gross-pathology grading system
was applied, the findings are presented descriptively.

BLOOD GLUCOSE LEVEL

Blood glucose levels differed among experimental groups
(Table 3). The control group showed a mean glucose
level of 127.30 + 46.10 mg/dL. The TP-induced group
showed a modest increase to 145.50 + 37.10 mg/dL.
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'The EV-induced group showed the highest glucose level,
232.17 + 91.30 mg/dL, representing an approximately
82.3% increase compared with control. Statistical analysis
indicated that the EV group differed significantly from
the control and TP groups (p < 0.05). The relatively large
standard deviation in the EV group was retained after
checking the original observation records, and no animal
was excluded from the analysis.

Table 3: Blood glucose levels in control and hormone-

induced PCOS rats.

Group Blood glucose (mg/dL)
Control 127.30 + 46.10 a
TP-induced PCOS 145.50 £ 37.10 a
EV-induced PCOS 232.17+91.30b

Note: Values are presented as mean * standard deviation.
Different superscript letters indicate significant differences

among groups (p < 0.05).

SERUM MDA LEVEL

Serum MDA/TBARS levels are shown in Table 4. The
control group showed an MDA/TBARS level of 33.78
+ 528 mg/mL. TP induction produced the highest
MDA/TBARS level (62.23 + 8.12 mg/mL), which was
significantly higher than both control and EV groups. The
EV group showed an MDA/TBARS level of 32.54 + 4.06
mg/mL, which was comparable with the control group.
'The numerical values and laboratory-reported unit were
retained after checking the original laboratory calculation
sheet; because the thiobarbituric acid method estimates
TBARS, the values were interpreted as TBARS-estimated

lipid peroxidation.

Table 4: Serum MDA levels in control and hormone-
induced PCOS rats.

Group Serum MDA/TBARS (mg/mL; labo-
ratory-reported unit)
Control 33.78 £5.28 a

TP-induced PCOS 62.23 £8.12b
EV-induced PCOS 32.54 + 4.06 a

Note: Values are presented as mean * standard deviation.
Different superscript letters indicate significant differences

among groups (p < 0.05).

PANCREATIC HISTOPATHOLOGICAL CHANGES

Microscopic examination showed that the control group
had relatively preserved pancreatic architecture, with
organized acinar tissue and visible pancreatic islets (Figure

2). In the TP-induced PCOS group, pancreatic tissue
showed cytoplasmicvacuolization, interstitial inflammatory
cell infiltration, and mild necrotic change. Inflammatory
infiltration was more prominent in the TP group than in
the other groups, indicating a descriptively inflammation-
dominant pancreatic pattern. In the EV-induced PCOS
group, pancreatic tissue showed more evident degenerative
and necrotic changes, including cytoplasmic vacuolization,
loss of cellular borders, eosinophilic cytoplasm, and nuclear
pyknosis/karyorrhexis. This pattern was interpreted as
a descriptively necrosis-dominant pancreatic response
associated with the marked glucose elevation observed in
EV-induced rats. These morphological interpretations are
descriptive and do not prove cytokine-mediated, apoptotic,
or other molecular mechanisms. Semiquantitative scores
for pancreatic vacuolization, necrosis, and inflammatory
cell infiltration are presented in Table 5.

Figure 2. Pancreatic histopathological features in control
and hormone-induced PCOS rat models. Red arrows
indicate cytoplasmic vacuolization, green arrows indicate
necrosis, and blue arrows indicate inflammatory cell
infiltration. The inset shows representative neutrophil (a),
macrophage (b), and necrotic cell (c). HE staining, 400x

magnification.

Representative  hematoxylin-eosin-stained ~ pancreatic
sections show tissue architecture in the control, testosterone
propionate (TP)-induced PCOS, and oestradiol valerate
(EV)-induced PCOS groups. The control group shows
relatively preserved pancreatic architecture, organized
acinar tissue, and visible pancreatic islets. TP-induced
PCOS rats show cytoplasmic vacuolization, interstitial
inflammatory cell infiltration, and mild necrotic changes,
indicating a descriptively inflammation-dominant lesion
pattern. EV-induced PCOS rats show more evident
degenerative and necrotic changes, including loss of cellular
borders, eosinophilic cytoplasm, and nuclear pyknosis/
karyorrhexis, indicating a descriptively necrosis-dominant
lesion pattern.

INTEGRATED METABOLIC, OXIDATIVE, AND PANCREATIC
INJURY PROFILE

'The EV-induced PCOS group showed the highest blood
glucose level and a descriptively necrosis-dominant
pancreatic lesion pattern. The TP-induced PCOS group
showed the highest serum MDA/TBARS level and a

Table 5: Pancreatic histopathological scores in control and hormone-induced PCOS rats.

Histopathological parameter Control Testosterone propion- Oestradiol valerate-induced PCOS
ate-induced PCOS

Vacuolization 0.27 +0.202 1.07 + 0.48> 0.93 + 0.20°

Necrosis 0.50 + 0.302 0.80 + 0.182 1.10 £ 0.17°

Inflammation 0.30 £ 0.372 1.37 + 0.69° 0.50 + 0.612

Note: Values are presented as mean + standard deviation. Different superscript letters in the same row indicate significant differences

among groups (p < 0.05).
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Figure 2: Pancreatic histopathological features in control and hormone-induced PCOS rat models. Representative
hematoxylin-eosin-stained sections show relatively preserved pancreatic architecture in the control group, cytoplasmic
vacuolization and prominent inflammatory cell infiltration in the TP-induced PCOS group, and more evident
degenerative and necrotic changes in the EV-induced PCOS group. Red arrows indicate cytoplasmic vacuolization,
green arrows indicate necrosis, and blue arrows indicate inflammatory cell infiltration. Insets show a representative
neutrophil (a), macrophage (b), and necrotic cell (¢). HE stain, 400x magnification.
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descriptively inflaimmation-dominant pancreatic lesion
pattern. Both hormone-induced groups showed pancreatic
vacuolization compared with control, suggesting that TP
and EV can both produce pancreatic degenerative changes,

“u

but through different dominant injury profiles (Table 6).
'This integrated profile is descriptive because no correlation
coefhicients were added in the current revision.
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Figure 3: Schematic summary of the distinct metabolic, oxidative, and pancreatic responses observed in TP- and EV-
induced PCOS rat models. TP induction (100 mg/kg BW for 12 days) was characterized by the highest serum MDA/
TBARS level and an inflammation-dominant pancreatic lesion pattern, whereas EV induction (2 mg/kg BW for 2 days)
was characterized by the highest blood glucose level and a necrosis-dominant pancreatic lesion pattern. The schematic
provides a descriptive integration of the study findings and does not imply a fully confirmed molecular mechanism.
Table 6: Summary of dominant alterations in each experimental group.

Group Dominant biochemical response Dominant pancreatic response Interpretation

Control Baseline glucose and MDA Preserved pancreatic structure ~ Physiological baseline

TP-induced PCOS Highest MDA Inflammation-dominant lesion ~ Oxidative-inflammatory phenotype
EV-induced PCOS Highest glucose Necrosis-dominant lesion Hyperglycaemia-necrosis phenotype
DISCUSSION 2025).

In the current study, TP and EV induction produced
different metabolic, oxidative, and pancreatic responses
in female Wistar rats. EV induction caused the greatest
increase in blood glucose, whereas TP induction caused
the highest serum MDA/TBARS concentration. This
tendency supports a descriptive interpretation that EV
induced a hyperglycaemia-dominant phenotype in PCOS
and TP induced an oxidative-stress-dominant phenotype.
These findings align with current understanding that
PCOS is not limited to reproductive dysfunction but
represents a heterogeneous systemic endocrine-metabolic
disorder involving insulin resistance, hyperandrogenism,
inflammation, oxidative stress,and variable cardiometabolic

risk (Teede ez al.,2023; Yan ez al., 2024; Helvaci and Yildiz,

'The marked glucose elevationin the EV group suggests more
severe disruption of glucose homeostasis than in the TP
group. Previous EV-induced PCOS studies have reported
hyperglycaemia, hyperinsulinemia, lipid abnormalities,
cystic follicles, and ovarian dysfunction (Kokabiyan ez a/.,
2022; Farhadi-Azar ez al., 2023). These findings support
the suitability of EV induction for modelling PCOS-
related metabolic disturbance. TP-induced models can
also elevate glucose and insulin through androgen-related
insulin resistance (Siahaan ez a/., 2022), but in the present
dataset the increase was smaller than that produced by
EV. This difference may reflect the distinct endocrine
characteristics of the two models, with EV strongly
disturbing hypothalamic-pituitary-ovarian axis regulation
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and glucose metabolism, while TP primarily represents
androgen-driven oxidative and inflammatory disruption.

'The highest MDA/TBARS concentration in the TP group
indicates stronger systemic lipid peroxidation after TP
induction. MDA is an end-product of lipid peroxidation
and reflects oxidative damage to cellular membranes
(Cordiano ez al., 2023). The TP-associated increase in
MDA/TBARS is compatible with previous evidence
that androgenic PCOS models can activate inflammatory
and oxidative pathways (Siahaan ez 4/, 2022; Yan et al.,
2024). However, this finding differs from some EV- and
letrozole-based PCOS studies in which oxidative stress
markers were also elevated (Datu Agasi Mohd Kamal ez
al., 2022; Kokabiyan ez al., 2022; Mirseyyed ez al., 2024;
Farhadi-Azar ez al., 2025). The discrepancy may be
explained by differences in induction agent, dose,
treatment duration, sampling time, target tissue, and
whether systemic or tissue-specific oxidative markers were
measured. Because the present thiobarbituric acid method
estimates TBARS, the result should be interpreted as an
estimate of lipid peroxidation rather than a fully specific
MDA-only measurement.

Pancreatic histopathology descriptively supported the
biochemical patterns. EV-induced rats showed the highest
glucose level and a more necrosis-dominant pancreatic
pattern, which is consistent with a descriptive association
between glucose dysregulation and pancreatic cellular
injury. In contrast, TP-induced rats showed the highest
MDA/TBARS level and a more inflammation-dominant
pancreatic pattern, which is consistent with a descriptive
association between androgen-related lipid peroxidation
and inflammatory tissue response. The increase in
vacuolization in both hormone-induced groups indicates
shared degenerative pancreatic stress despite different
dominant injury profiles. Similar pancreatic beta-cell
injury and metabolic disruption have been reported in
PCOS models and in studies of glucose-related pancreatic
stress (Mohammed ez a/., 2022; Sun ef al., 2024).

Overall, the results suggest that pancreatic injury in
hormone-induced PCOS may arise through overlapping
but non-identical injury profiles. EV mayact predominantly
through hyperglycaemia, beta-cell metabolic overload, and
necrotic injury, whereas TP may act predominantly through
androgen-related oxidative stress, lipid peroxidation, and
inflammatory activation. These interpretations should be
viewed as biologically plausible and descriptive because
inflammatory cytokines, apoptotic markers, insulin
signaling proteins, and correlation coefficients were
not evaluated in the present dataset. This distinction is
important for selecting PCOS animal models according
to the intended experimental outcome. EV induction may

be more suitable for evaluating hyperglycaemia-associated
pancreatic damage, whereas TP induction may be more
appropriate for studying androgen-associated oxidative
stress and inflammation.

LIMITATIONS AND RECOMMENDATIONS

This study was limited by the absence of direct insulin,
HOMA-IR, GLUT-4, IRS-1/PI3K, pancreatic
insulin immunoexpression, antioxidant enzyme activity,
inflammatory cytokines, apoptotic markers, tissue-
specific ROS measurements, and paired biochemical-
histopathological correlation analysis. Therefore, the
proposed mechanism should be interpreted as a biologically
supported descriptive interpretation based on glucose,
serum MDA/TBARS, and histopathology rather than
a fully confirmed molecular pathway. Gross pancreatic
findings were also descriptive because a prospective gross
pathology grading scale was not applied. In addition, the
thiobarbituric acid method estimates TBARS and may
be influenced by assay interference; therefore, the MDA
values should be interpreted as TBARS-estimated lipid
peroxidation. Future studies should include insulin-related
indices, pancreatic beta-cell markers, antioxidant enzymes
such as SOD, CAT, and GPx, inflammatory and apoptotic
markers, molecular analysis of insulin-signalling pathways,
and correlation analysis between biochemical and
histopathological parameters. Representative gross and
histological images are submitted separately through the
Manuscript Handler system with complete figure legends.

CONCLUSION

TP and EV induction produced distinct metabolic,
oxidative, and pancreatic injury profiles in female Wistar
rats. EV caused the highest blood glucose level and
was associated with a descriptively necrosis-dominant
pancreatic pattern, whereas TP caused the highest serum
MDA/TBARS level and was associated with a descriptively
inflammation-dominant pancreatic pattern. These findings
support the heterogeneous extra-ovarian character of
PCOS models and indicate that combined assessment of
glucose, MDA/TBARS, and pancreatic histopathology
can help descriptively differentiate hyperglycaemia-
related and oxidative-inflammatory pancreatic responses.
Future work should validate these findings using insulin-
resistance indices, antioxidant enzymes, inflammatory and
apoptotic markers, pancreatic beta-cell molecular markers,
and paired correlation analysis.
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