doi.org/10.36721/PJPS.2026.39.10.278.1

Melatonin attenuates diabetic peripheral neuropathy through
modulation of the COX2-IRE1a-mediated endoplasmic reticulum
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Abstract: Background: Diabetic peripheral neuropathy (DPN) involves Schwann cell injury closely linked to
endoplasmic reticulum (ER) stress. Melatonin shows neuroprotective potential, but the specific regulatory mechanisms
involving the COX2-IREla axis remain to be clarified. Objectives: To investigate the potential regulatory role of
melatonin in attenuating DPN through the modulation of the COX2-IRE1a ER-stress signaling axis. Methods: /n-vitro,
RSC96 Schwann cells were exposed to high glucose (HG) and treated with melatonin (MT), COX2 overexpression, or
IRE1a knockdown. Cell viability, apoptosis, and ER stress markers were assessed. In-vivo, 30 rats were divided into control,
DPN and MT-treated DPN groups (n=10). After 4 weeks of treatment, sensory nerve conduction velocity (SNCV), motor
nerve conduction velocity (MNCYV), sciatic nerve morphology and protein expression in nerve tissues were analyzed.
Results: HG significantly reduced cell viability and upregulated ROS and ER-stress markers (P < 0.05). MT treatment
dose-dependently mitigated these effects. COX2 overexpression partially reversed MT-mediated protection, while IRE1a
knockdown attenuated the damage induced by COX2. In DPN rats, 4-week MT treatment significantly improved MNCV
and attenuated nerve morphological degeneration compared to the DPN group (P < 0.05). MT administration was
associated with a significant reduction in COX2 and IRE1a protein expression in sciatic nerve tissue, paralleling the in
vitro findings. Conclusion: Melatonin treatment is associated with improved nerve function and reduced ER stress in DPN
models. These protective effects may be mediated via the modulation of the COX2—-IREla signaling axis, suggesting a
potential therapeutic target for DPN.
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INTRODUCTION

Diabetic peripheral neuropathy (DPN) is a significant
microvascular complication among individuals with
diabetes, with a notable impact on patient health and
quality of life (Jeyam et al., 2020; Perveen et al., 2024;
Selvarajah et al., 2019). The therapeutic strategies for DPN
mainly include intensive diabetes management and
pharmacological treatments targeting its underlying
pathogenesis (Ziegler 2023). Current research indicates
that disruptions in pathological mechanisms such as
oxidative stress, endoplasmic reticulum (ER) stress,
neuroinflammatory responses, autophagy and iron
metabolism can all contribute to the progression of DPN
(Eftekharpour et al., 2022; Hagen et al., 2021; Patel et al.,
2023; Yuan et al., 2022). Among these mechanisms, ER
stress is frequently associated with the accumulation of
misfolded proteins in the ER lumen. However, if the stress
persists for an extended period or is too severe, the
unfolded protein response (UPR) will trigger apoptosis to
eliminate the damaged cells (Chen et al., 2023).

Melatonin (MT) is an endogenous hormone with potent
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antioxidant and anti-inflammatory properties and has
garnered attention for its role in modulating oxidative
stress in diabetic neuropathy (Espino et al., 2019; Shokri et
al., 2021). MT has also been found to improve cell function
by modulating ER stress-related signaling pathways or
interacting with ER-associated sensors. It exerts its
mechanisms of action in diseases such as
neurodegenerative disorders, cancer and reproductive
impairments (de Almeida Chuffa et al, 2024; Xu et al,
2020). Studies have also confirmed that in diabetic
neuropathic complications, MT can ameliorate oxidative
stress and neurodegenerative damage induced by diabetes,
thereby establishing a foundation for the treatment of
diabetic neuropathy (Kuthati et al., 2025). In the STZ-
induced diabetic mouse model, the role of MT in
alleviating  neurodegenerative = damage  occurring
throughout the nervous systems has also been confirmed
(Che et al., 2020). However, whether MT can participate in
the pathogenesis of DPN via the ER stress pathway and the
specific molecular mechanisms involved remain to be
further investigated.

Prostaglandin-endoperoxide synthase 2 (PTGS2), better
known as cyclooxygenase-2 (COX-2), typically exhibits
low expression in normal tissues. Its expression is
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significantly upregulated when cells and tissues are
subjected to inflammatory stimuli. It is involved in the
pathological processes of inflammation and has been
shown to contribute substantially to cancer development,
neurodegenerative diseases and inflammation-related
disorders (Hashemi Goradel et al., 2019; Yan et al., 2021).
Evidence indicates that the expression of this molecule is
markedly upregulated in DPN rats, and that reducing
COX2 expression can ameliorate damage in high-glucose-
induced DPN in vitro cell models (Shi et al, 2024b).
Inositol-requiring enzyme la (IREla), one of the three
canonical UPR sensors, is a transmembrane protein on the
ER with kinase and ribonuclease activities that plays a
pivotal role in the UPR (Belyy ef al, 2022), Among the
UPR branches, IREla has been most directly linked to
DPN, as its inhibition improves sciatic nerve morphology
and function and reduces ER stress-related apoptosis in
DPN models (Fridman et al., 2026; Yao et al., 2018b).
Mechanistically, COX-2 has been shown to directly bind
and activate IRE1a, establishing a molecular link between
PTGS2 and ER stress signaling (Groenendyk ef al., 2018).
In the DPN model, IREla is hyperactivated, and its
knockdown alleviates ER stress in high-glucose-induced
RSC96 cells (Yao. In addition, studies investigating
cyclosporine-mediated ER stress and cytotoxicity have
found that cyclosporine may affect the ER stress response
through the COX-2-IREloa  signaling  pathway
(Groenendyk et al, 2018). Moreover, selective COX2
inhibitors can suppress ER stress and IREla levels in
coronary endothelial cells treated with high glucose (Haas
et al., 2022). However, whether MT can reduce ER stress
in DPN by regulating the COX2/IRE1a axis remains to be
investigated. The present work explores the potential of
MT to modulate the COX2-IREla axis in ER stress-
mediated DPN, with the hope of providing a scientific basis
for further elucidation of MT’s specific molecular
mechanisms in DPN therapy.

MATERIALS AND METHODS

Cell culture and treatment

Schwann cells induced by HG were used to establish a
DPN cell model (Li ef al., 2023). RSC96 (authenticated by
STR, CL-0199, Procell, China) were applied for the
experiments. The RSC96 cells were allocated into the
following groups: Control, HG, low-dose melatonin
(HG+MT-L), medium-dose melatonin (HG+MT-M)p,
high-dose melatonin (HG+MT-H), HG+MT-H+vector,
HG+MT-H+o0e-COX2, HG+vector, HG+o0e-COX2,
HG+0e-COX2+si-NC and HG+oe-COX2+si-IREla. The
RSC96 cells were cultured in DMEM medium (PM 150270,
Procell, China) containing 10% fetal bovine serum (FBS,
42F0266K, Gibco, USA), 1% P/S, 4 mM glutamine, 5.5
mM glucose (PB180418, Procell, China), 1 mM sodium
pyruvate and 1500 mg/L sodium bicarbonate. Cells were
cultured at 37°C with 5% CO2, with medium changed
every 48 hours and passaged at 80% confluence.

Control RSC96 cells were maintained in DMEM
containing 10% FBS, 5 mL of P/S, and 5.5 mM glucose for
24 hours. HG group cells were exposed to high-glucose
medium (10% FBS, 5 mL P/S, DMEM medium + 25mM
glucose) for 24 h (Tian et al, 2024). The melatonin
treatment groups were treated with 1, 5 and 10 uM
melatonin in high-glucose medium for 48 h (Salem et al.,
2023), while the Control and HG groups were treated with
blank solvent for 48 h. Transfection of relevant vectors into
RSC96 cells was performed in high-glucose medium via
Lipofectamine® 3000 transfection agent (L3000001,
Thermo Fisher, USA). The relevant transfection vectors
were synthesized by GeneChem (China).

Plasmid construction and siRNA synthesis

To modulate gene expression, RSC96 cells were
transfected with either a mammalian expression vector
containing the full-length rat Ptgs2 (COX2) cDNA or
specific siRNAs targeting rat Ernl (Cell Signaling
Technology, US), with empty vectors and non-targeting
siRNAs (si-NC) serving as negative controls. Transfections
were performed using Lipofectamine reagent (/nvitrogen,
US4) in Opti-MEM medium according to the
manufacturer’s instructions, at a final concentration of 2.5
ug of plasmid or 50 nM of siRNA per well. The culture
medium was replaced with fresh complete medium 6-8 h
post-transfection.

Detection of cell metabolic activity by CCK-8 assay

To assess cell metabolic activity, a CCK-8 kit (Beijing
Jinkelong Biotechnology, China) was employed. Cells
were dispensed into 96-well plates (100 pL/well),
incubated at 37°C for 24 h with 5% CO2, treated with 10
puL/well CCK-8, and incubated for 60 minutes. A
microplate reader was employed to record absorbance at
450 nm.

Analysis of apoptosis via TUNEL assay

Apoptotic cells were identified with a TUNEL assay kit
(MK1013, Boster, China). Cells were fixed on slides and
incubated in PBS. After washing, slides were treated with
labeling buffer and TUNEL reagents, then incubated at
37°C. They were subsequently blocked and treated with
SABC solution to enhance the signal. Finally, slides were
counterstained with DAPI (AR1176, Boster, China),
mounted and observed employing a fluorescence
microscope (CX23, Olympus, Japan).

Detection of ROS levels by DCFH-DA assay

The ROS content was evaluated using the DCFH-DA kit
(E-BC-K138-F, Elabscience, China). The cells and tissues
from each group were prepared into cell suspensions.
Following centrifugation at 1000xg for 5 min, cells were
reconstituted in Reagent 1 and incubated at 37°C in the
dark for 30 min with intermittent shaking. After washing
three times with serum-free medium, cells were
resuspended for observation. Integrated optical density was
measured with Image Pro Plus software.
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Detection of ER stress markers and inflammatory
factors by ELISA

The levels of ER stress-associated markers (CHOP, PERK)
and inflammatory factors (IL-6, TNF-a) were assessed
using commercial ELISA kits (CB10646-Ra, CB12401-Ra,
CB10218-Ra, CB11057-Ra, Shanghai Kebiao
Biotechnology Co., Ltd., China) For cell samples, cells
were collected and washed with PBS, followed by lysis
using appropriate lysis buffer to obtain total cellular protein
extracts., The lysates were then centrifuged at 12,000 x g
for 15 min at 4°C and the supernatants (representing
intracellular protein extracts) were collected for ELISA
analysis. For tissue samples, tissues were homogenized in
cold PBS or lysis buffer and centrifuged at 12,000 x g for
15 min at 4°C. The resulting supernatants were collected
for subsequent ELISA assays. All measurements were
performed following the kit protocols.

Bioinformatics analysis

The SMILES code of MT was retrieved from the PubChem
database and input into the SwissTargetPrediction (2023
version) and TargetNet websites to predict its targets. For
SwissTargetPrediction, targets with a probability score > 0
were included, whereas for TargetNet, only targets with a
probability score> 0.5 were selected. After deduplication
and integration, a total of 147 valid targets of melatonin
were obtained. Using the GeneCards database (version
5.16), ER stress-linked genes were screened using the
search term “Endoplasmic Reticulum Stress” and only
those with a Relevance Score > 7.0 were included to ensure
high confidence.

Then, in the GEO database, DPN-related chips were
searched and GSE95849 was selected for analysis. The
screening criteria for differentially expressed genes were
selected based on an adjusted p-value <0.05 and |logFC| >1.
Subsequently, the intersection of MT-related targets, ER
stress-related targets and DPN-related targets was
performed on the Venn website and the findings were
displayed using the Bioinformatics website. The STRING
website (version 12.0) was used to analyze protein-protein
interactions (PPIs) among the intersecting targets, and the
results were visualized in Cytoscape (v3.10.1), with
interaction scores calculated.

Detection of COX2 and IRE1a protein expression by
western blot

Proteins were extracted using RIPA buffer (89901, Thermo
Fisher, USA) and quantified by BCA assay. Western
blotting was performed following standard protocols.
Membranes were treated with primary antibodies targeting
COX2 (1:1000) and IRE1a (2 pg/ml) (ab179800, ab37073,
Abcam, UK) overnight at 4°C, followed by incubation with
IgG (1:10000) (31466, Thermo Fisher, USA) as secondary
antibody for 1 h. Protein expression was detected using a
chemiluminescent system and analyzed with Imagel
software, normalized to GAPDH (ab8245, Abcam, UK).
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Animal modeling and grouping

Thirty male SD rats, aged 6 weeks and weighing 180-200
g, were obtained from Guangdong Provincial Center for
Medical Laboratory Animals (SCXK [Yue] 2022-0002).
They were maintained in SPF conditions, fed and watered
ad libitum and acclimated for seven days. Approval for this
research was granted by the Animal Experiment Ethics
Committee of Kunming Medical University (Approval No.
kmmu20211525). After a 12-hour fast, 20 SD rats were
randomly assigned the model group at random and injected
intraperitoneally with streptozotocin (STZ, 60 mg/kg;
Shanghai Yuanye Biotechnology Co., Ltd., Cat. No.
S17049, purity >98.5%). Seventy-two hours later, rats with
fasting blood glucose >16.7 mmol/L were considered
diabetic. These rats were then fed a high-fat/high-sucrose
diet (Jilin Seno Biotechnology Co., Ltd., Batch No.
202107250532) for 4 weeks to induce DPN.
Electrophysiological assessment was performed at the end
of the 4-week modeling period and motor nerve conduction
velocity (MNCV) was measured in the sciatic nerve using
standard surface stimulation and recording electrodes,
comparisons were made between the control and model
groups at the same time point.

Successful DPN modeling was defined as an MNCV of
<40 m/s (Yu. The 10 rats in the control group were fed a
normal diet without STZ injection. The remaining 20 rats
with DPN were further randomly assigned to the Model or
MT group via a random number table. To minimize
potential bias, all outcome assessments, including
electrophysiological measurements and histological
evaluations, were performed by investigators blinded to
group allocation. Control and Model group rats received
daily intraperitoneal injections of 10 mL/kg PBS, while
those in the MT group received 10 mg/kg MT daily for 4
weeks. All injections were administered between 10:00 and
11:00 am (Pourhanifeh et al., 2020).

Body weight and blood glucose monitoring

Rats had their body weight and blood glucose measured
before and during the treatment. During the treatment
period, measurements were taken every seven days. Blood
glucose was determined by collecting blood from the rat’s
tail tip after a 12-hour fast.

Nerve conduction velocity measurement

After the 4week treatment, nerve conduction studies were
performed in live rats anesthetized with an intraperitoneal
injection of 1% pentobarbital sodium (50 mg/kg) before
euthanasia. They were then fixed in a prone position on the
experimental table and the sciatic nerve was exposed. For
sensory nerve conduction velocity (SNCV) measurement,
two recording sites were positioned along the sciatic nerve,
and the latency difference (T1) between them was
measured following single square-wave stimulation.
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Fig. 1: The effect of MT on HG-induced injury in RSC96 cells.

Notes: A: Schematic diagram of the cell experiment; B: Structural formula of MT; C: The effect of different concentrations
of glucose on the viability of RSC96 cells (n = 6); D: The effect of MT on the viability of normal RSC96 cells (n = 6); E:
Detection results of cell metabolic activity levels in each group (n = 6); F: Detection results of apoptosis rates in each
group (n = 6). ***P<0.001 vs. the Control group; #P<0.05, ##P<0.01, ###P<0.001 vs. the HG group.

The distance between the two sites (D, 1 cm) was measured
and conduction velocity was calculated as SNCV = D/T1.
(Feng et al., 2025). For MNCV measurement, stimulating
electrodes were placed at the efferent portion of the sciatic
nerve and recording electrodes were placed at a proximal
site. The distance between the two electrodes was recorded
as S and the interval between stimulation onset and the
emergence of the action potential was noted as the action
potential latency (T2). The MNCV was calculated using the
formula MNCV (m/s) = S»/T> (Wang et al., 2020).

Hematoxylin and eosin (HE) staining
Immediately after nerve conduction measurements, the rats

were euthanized under anesthesia. The sciatic nerves were
dissected and stabilized in 4% PFA. Tissues underwent
dehydration, clearing and paraffin  embedding.
Consecutive 5-pum sections were cut and subjected to
staining with HE for histological observation under light
microscopy.

Immunohistochemistry

Paraffin-embedded sciatic nerve sections were dewaxed
and rehydrated. Following antigen retrieval, sections were
treated with 3% H>O, for 10 min at room temperature, then
washed with PBS and blocked with goat serum. Primary
antibodies against COX2 (2 pg/ml) and IREla (1:100)
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were applied and maintained at 4°C for 48 h. Following
PBS washes, a secondary antibody (IgG, diluted 1:1000)
was added and incubated at 37°C for 50 min. Sections were
then stained with DAB, mounted and observed under a
microscope. The average optical density (AOD) was
quantified using Image Pro Plus software.

Statistical analysis

Statistical analysis was performed using SPSS software.
Measurement data are presented as mean zstandard
deviation (¥+s). When data were normally distributed, one-
way ANOVA was performed to compare multiple groups,
with subsequent pairwise comparisons via the LSD-t test.
For non-normally distributed data, non-parametric
analyses were applied. Statistical significance was set as
P<0.05.

RESULTS

MT inhibits HG-induced RSC96 cell injury

The cell experiment design is shown in figure 1A, with the
chemical structure of MT shown in figure 1B. RSC96 cells
were exposed to different glucose concentrations (5.5-50
mM) and their viability was measured via CCK-8 assay.
Therefore, a glucose concentration of 25 mM was selected
for the subsequent high-glucose group to simulate the in-
vitro cell model (Fig. 1C). The cytotoxic effects of different
concentrations (0.5-20 uM) of MT on normal RSC96 cells
were detected. The results showed that when MT was <20
pmol/L, it had no obvious toxic effects on normal RSC96
cells (P>0.05) (Fig. 1D). Furthermore, HG-treated RSC96
cells showed reduced viability and increased apoptosis
compared to controls (P<0.05), which were reversed by
MT treatment (P<0.05) (Figs. 1E-F).

MT alleviates ER stress levels in HG-induced RSC96
cells

Under HG conditions, RSC96 cells exhibited significantly
higher levels of ROS, CHOP, PERK, IL-6, and TNF-a than
controls (P<0.05). However, MT administration caused a
dose-dependent and pronounced decline in these levels
(Figs. 2A-C), suggesting its potential to mitigate
inflammation and ER stress in HG-exposed RSC96 cells.

The ameliorative influence of MT on HG-induced
RSCY96 cells are associated with COX2

A total of 147 MT-related targets were identified using the
SwissTargetPrediction and Targetnet websites. The
GSE95849 chip identified 6,480 DPN-related targets and
1,519 ER stress-related targets were screened from the
GeneCards database. The intersection of MT treatment
targets for DPN and ER stress-related targets yielded 19
targets (Fig. 3A). Further PPI analysis of the 19 intersecting
targets showed the strongest interaction between PTGS2
(COX2) and other targets (Fig. 3B). Molecular docking
results indicated a binding energy of -8.2 kcal/mol between
MT and PTGS2 (COX2), representing a favorable
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theoretical binding affinity and suggesting a potential
molecular interaction (Fig. 3C). Therefore, PTGS2, namely
COX2, was identified as a primary candidate target for
further investigation. Western blot analysis of COX2
protein expression in RSC96 cells revealed that HG
significantly increased COX2 levels, while MT
intervention markedly suppressed COX2 protein levels
(both P<0.05) (Fig. 3D).

Overexpression of COX2 reverses the ameliorative
effects of MT on HG-induced RSC96 cells

Under HG conditions, RSC96 cells showed decreased
viability, increased apoptosis and elevated levels of ROS,
CHOP, PERK, IL-6 and TNF-a (P<0.05). High-dose MT
(HG+MT-H) improved viability, reduced apoptosis and
lowered these levels (P<0.05). However, COX2
overexpression in the HG+MT-H+oe-COX2 group
reversed these effects, reducing viability, increasing
apoptosis and raising ROS, CHOP, PERK, IL-6 and TNF-
a concentrations (P<0.05) (Figs. 4A-E). This suggests that
COX2 overexpression may negate MT's protective effects,
worsening inflammation and ER stress in RSC96 cells
subjected to HG.

Knockdown of IRE1a reverses the damaging effects of
COX2 overexpression on HG-induced RSC96 cells
Western blot analysis illustrated that IRE1a expression was
significantly higher in the HG group than in controls
(P<0.05) and further increased in the HG+oe-COX2 group
versus the HG+vector group (P<0.05) (Fig. 5A). The
HG+0e-COX2 group exhibited diminished cell viability,
increased apoptosis and elevated levels of ROS, CHOP,
PERK, IL-6 and TNF-a relative to the HG+vector group
(P<0.05). Conversely, in the HG+toe-COX2+si-IREla
group, cell viability increased, apoptosis decreased and
these levels were reduced compared to the HG+oe-
COX2+si-NC group (P<0.05) (Figs. 5B-F).

Overall, IREla knockdown could counteract the
detrimental effects of COX2 overexpression in RSC96
cells exposed to HG, enhancing cell viability, dampening
apoptosis and alleviating inflammation and ER stress.

MT improves nerve damage in DPN rats

The animal experiment design was shown in figure 6A. Rat
body weight increased over time, with comparable values
between groups (P>0.05) (Fig. 6B). Blood glucose levels
remained stable across all groups. Fasting blood glucose
was higher in the Model and MT groups than in the Control
group (P<0.05). Still, no significant difference was
observed between the Model and MT groups (P>0.05) (Fig.
6B). HE staining revealed pathological changes in rat
sciatic nerve tissues: the Control group showed intact nerve
fibers and myelin sheaths. In contrast, the Model group
exhibited thinner fibers, demyelination and vacuolar
degeneration. The MT group showed less nerve damage
(Fig. 6C).
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&&&P<0.001 vs. the HG+MT-H+vector group.

The Model group had significantly decreased SNCV and
MNCYV, elevated ROS, CHOP, PERK, IL-6, TNF-a. levels.
It upregulated COX2 and IREla expression versus the
Control group (P<0.05). The MT group exhibited
improved SNCV and MNCYV, reduced Ilevels of
inflammatory and ER stress markers, and downregulation
of COX2 and IREla relative to the Model group (P<0.05)
(Figs. 6D-G). In summary, MT alleviates sciatic nerve
damage and ER stress in DPN rats, potentially via the
COX2/IREla pathway.

DISCUSSION

DPN is a typical distal symmetric polyneuropathy that
affects the autonomic, sensory, and motor nerves, leading
to significant limb pain and cognitive decline in patients
(Chang et al., 2023; Elafros et al., 2022). MT is an indole
hormone produced by the pineal gland and other tissues. It
has antioxidant and anti-inflammatory effects and shows
promise in treating diabetic complications and nerve
damage (Ocak et al., 2022).
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Notes: A: Western blot detection of IRE1a expression (n = 6); (B) Detection results of cell metabolic activity levels (n =
6); C: Detection results of apoptosis levels; D: Detection results of ROS levels (n = 6); (E) Detection results of CHOP and
PERK levels (n = 6); F: Detection results of IL-6 and TNF-a levels (n = 6). *P<0.05, **P<0.01, ***P<0.001 vs. the
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In this study, we constructed an in vitro cell model using showed that MT effectively alleviated nerve damage in
HG-induced RSC96 cells and an in vivo DPN rat model =~ DPN and improvement in the related symptoms.

induced by STZ, and treated both with MT. The results
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Notes: A: Schematic diagram of the animal experiment; B: Body weight and blood glucose levels of rats in each group (n
= 6); C: Pathological examination of sciatic nerve tissues; D: Sciatic nerve conduction velocity (n = 6); E: Detection
results of ROS levels (n = 6); F: Detection results of CHOP, PERK, IL-6, and TNF-o(n = 6); G: Immunohistochemical
detection of positive expression of COX2 and IREla(n = 6). **P<0.01, ***P<0.001 vs. the Control group; #P<0.05,
##P<0.01, ###P<0.001 vs. the Model group.
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Fig. 7: Schematic diagram of the molecular mechanism by which MT improves DPN progression through the

COX2/IRE1la axis by alleviating ER stress

Hyperglycemia has adverse effects on peripheral nervous
system cells, including Schwann cells, triggering a series
of pathological changes, such as excessive ROS production,
exacerbated ER stress, and the release of pro-inflammatory
factors. These pathological mechanisms substantially
contribute to DPN progression (Bashir et al, 2025;
Callaghan ef al., 2020; Hu ef al., 2023). By detecting ER
stress and inflammatory factors in RSC96 cells, this study
found enhanced ER stress and inflammatory damage in
HG-induced RSC96 cells. MT exhibited significant anti-
ER stress and anti-inflammatory effects. Therefore,
inhibiting ER stress and inflammatory damage is a
potential strategy to improve DPN progression.

Notably, although the neuroprotective effects of MT in
diabetic neuropathy have been widely reported, most
previous studies have primarily attributed its benefits to its
general antioxidant and anti-inflammatory properties
(Kuthati et al., 2025), without clearly identifying the
specific ~ upstream  molecular  pathways linking
inflammation and ER stress. Tiong et al., demonstrated that
MT protects high-glucose-treated Schwann cells by
reducing ROS, preserving mitochondrial membrane
potential and inhibiting apoptosis (Tiong et al., 2020).
Salem et al., showed that MT attenuates high-glucose-
induced Schwann cell autophagy via the PERK-elF2a-
ATF4-CHOP branch of ER stress (Salem et al., 2023).
Previous studies have mainly focused on individual
downstream pathways rather than the crosstalk between
inflammation and ER stress. In contrast, suggests that
COX2 may be an upstream melatonin-associated target and

indicates, through gain- and loss-of-function experiments,
that melatonin protects Schwann cells and sciatic nerve
tissue by regulating the COX2/IRE1a axis, thereby linking
inflammatory signaling to ER stress in DPN.

Through network pharmacology and bioinformatics
analysis, this study identified COX2 as a molecular target
of MT in the treatment of DPN. Western blot analysis
revealed that MT could inhibit COX-2 expression.
Previous studies have indicated that peony granules
improve Schwann cell damage induced by HG and high fat
by dampening ERKI1/2 phosphorylation and COX2
expression and promoting the upregulation of SIRT2 (Shi
et al, 2024a). Other studies have also shown that
cannabidiol and beta-caryophyllene can improve high-
glucose-induced Schwann cell damage and inhibit COX2
activity (Khan et al., 2024). Given the positive role of
downregulating COX2 expression in the treatment of DPN
in the aforementioned studies, this research examined the
effects of COX2 overexpression on HG-induced RSC96
cells and found that COX2 overexpression could reverse
the protective effects of MT. Cell growth was inhibited and
ER stress and inflammatory damage were exacerbated. In
addition, studies have found that the COX2 inhibitor
celecoxib effectively inhibits IRE1a expression in the liver
of cirrhotic rats, thereby reducing ER stress (Su et al,
2020). Similarly, selective COX2 inhibitors can also
alleviate ER stress in high-glucose-induced coronary
endothelial cells by downregulating IRE1a levels (Haas et
al., 2022). In chronic diabetic neuropathy, protein kinase C
epsilon (PKCe), an intracellular signaling molecule that
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mediates chronic pain, is upregulated and is associated
with ER stress-related molecules such as IRE1a (Kan ez al.,
2024). Based on the above studies, it is hypothesized that
the COX2/IREla axis may be an effective pathway for
regulating ER stress in DPN. To verify this hypothesis, this
study knocked down IREla and measured various
indicators in each cell group. The results showed that
knocking down IRE1la could reverse the damaging effects
of COX2 overexpression on HG-induced RSC96 cells,
promoting cell growth, reducing apoptosis and improving
ER stress levels and inflammatory damage, thereby
supporting the rationality of this hypothesis.

In animal experiments, MT significantly alleviated
symptoms of nerve damage in DPN rats and effectively
reduced ER stress in the sciatic nerve, accompanied by
downregulation of COX2 and IRE1a expression. This was
consistent with the protective effects of MT in the in vitro
DPN cell model involving the COX2/IREla axis and
provided a supportive basis for future clinical studies.

This study still has limitations. Although molecular
docking and expression analyses suggested a potential
interaction between melatonin and COX2, direct

biochemical validation of target binding was not performed.

In addition, our assessment of ER stress was limited to
representative markers and did not include evaluation of
the signaling cascade, such as XBP1 splicing or
GRP78/BiP. Moreover, the in-vitro experiments were
conducted in a single Schwann cell line, which may not
fully capture the complexity of DPN pathophysiology.
Finally, the animal experiment was constrained by a small
sample size and lacked sensory behavioral assessment.
Therefore, more rigorous mechanistic and functional
validation is needed in future studies.

In summary, this study suggests the molecular mechanism
by which MT improves DPN through ER stress regulation
via the COX2/IRElo axis (Fig. 7), providing a new
research direction for the pharmacological treatment of
DPN. However, research on this mechanism remains at the
cellular and animal levels and further clinical trials are
needed to verify its safety and efficacy.
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