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Abstract

Diabetic retinopathy (DR) is a leading cause of vision loss, driven largely by vascular endothelial
growth factor (VEGF)-induced neovascularization and vascular permeability. Current therapies rely on
intravitreal anti-VEGF injections that mitigate VEGF action, but they require repeated administration, can
cause complications, and are ineffective in some patients. Oxytocin (OXT), a neuropeptide best known for
reproductive and social roles, has recently been implicated in metabolic regulation and vascular signaling.
Evidence from animal models suggests that OXT may reduce VEGF expression in the retina. However,
the underlying molecular mechanism is not known. The present study seeks to investigate the cellular
and molecular bases of this VEGF inhibition by OXT. Results from our experiments revealed that OXT
significantly reduced VEGF secretion by ARPE-19 cells in a dose- and time-dependent manner. Together
with in-vivo studies on OXT and VEGF reduction in animal models, our results support the suggestion that
OXT is a candidate for upstream therapeutic intervention of DR at an early stage of disease development.

Introduction

Diabetic retinopathy (DR) is a common
complication of diabetes and a leading
cause of vision impairment worldwide [1]. It
progresses from non-proliferative DR, marked
by microaneurysms and macular edema,
to proliferative DR, where pathological
neovascularization and hemorrhaging threaten
vision. A central driver of these changes is
the overexpression of vascular endothelial
growth factor (VEGF) in response to hypoxia
caused by chronic hyperglycemia. Elevated
VEGEF stimulates angiogenesis and vascular
permeability, disrupting the blood-retina
barrier and accelerating vision loss [2,3].

VEGF is a family of proteins, the most
relevant of which is VEGF-A encoded by the
VEGFA gene on chromosome 6p21.1. The
most common isoform secreted by RPE cells
is VEGF121 and VEGF165 [4,5]. VEGF-A
normally triggers cell action by binding to
VEGF receptor-1 and VEGF receptor-2,
which are tyrosine kinase receptors on the
outer cell membrane. Activation of VEGFR2
triggers angiogenesis [6] while VEGFRI1
binds to excess VEGF. This is also the aim
of anti-VEGF therapies: inhibitors bind to
VEGF to prevent it from activating VEGFR2.
With few exceptions, VEGF inhibitors are

antibodies that bind to VEGF-A to prevent
growth of new blood vessels, making them
valuable treatments for various cancers as well
as DR.

While anti-VEGF injections effectively
reduce DR disease progression, they require
frequent intravitreal delivery, are costly, and fail
in 10-50% of patients [7-10]. Other therapies
such as laser photocoagulation or vitrectomy
remain invasive and do not target underlying
molecular drivers.

The retinal pigment epithelium (RPE)
is made up of highly specialized polarized
epithelial cells that provide an interface
between photoreceptors in the retina and the
choroid. It plays a central role in eye health by
secreting VEGF to maintain proper circulation
in the surrounding vasculature. In diabetes,
however, RPE cells overproduce VEGF [11]
due to oxidative stress and hypoxia-inducible
factor (HIF) signaling [12,13]. ARPE-19, a
human-derived RPE model, provides an in vitro
system for studying VEGF secretion under
stress conditions. Although less differentiated
than native RPE, they retain VEGF regulatory
pathways and are widely used in retinal
research.

A recent study reported an effective method
to induce ARPE-19 differentiation in culture
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by enriching culture media with nicotinamide, also highlighting
the important role of metabolism in cell differentiation [14].
This approach provides an the opportunity to examine cellular
and molecular properties of differentiated ARPE-19 in vitro,
including VEGF production in response to exogenous glucose
treatments.

Oxytocin (OXT) is a nonapeptide hormone, also known as
the “love hormone”, classically associated with parturition,
lactation, and social bonding. Beyond reproduction, it has been
shown to regulate metabolism, inflammation, and vascular
function [15-18]. OXT is concentrated in the central nervous
system though it has a strong presence in the retina as well [19].
OXT receptors (OXTR) are a type of g-protein coupled receptor
known to increase intracellular calcium and activate the PKC
pathway when activated [20].

Recent animal studies suggest OXT treatment given by
intraperitoneal or intravitreal injections reduces VEGF levels in
diabetic retinas and plasma [21]. Given that OXT levels decrease
in diabetes and obesity patients [22], OXT supplementation
may provide a protective effect against DR development via
an inhibition of VEGF expression. However, the cellular and
molecular mechanism of this VEGF inhibition has not been
investigated.

In the present study, we hypothesize that OXT inhibits VEGF
secretion by its action on the oxytocin receptor in the retinal
pigment epithelium (RPE) leading to an inhibition of VEGF
synthesis and release by the RPE, a major producer of VEGF
in the retina. Therefore, the present study aims to evaluate the
effect of OXT on VEGF secretion in differentiated ARPE-19
cells cultured under low- and high-glucose conditions. Previous
in-vivo studies suggest OXT decreased VEGF concentrations in
plasma and VEGF protein expression in the retina [21]. Results
from our cellular investigation have elucidated a cellular and
molecular pathway for in-vivo report on the inhibition of VEGF
by oxytocin. Therefore, the use of OXT as a therapeutic agent
is a novel approach for DR intervention at an early stage of this
disease development.

Material and methods

ARPE-19 human retinal pigment epithelial cells (ATCC.
Manassas, VA) were cultured in low (4.5 mM) or high (30 mM)
glucose in MEM-F12 (non-differentiation) and in differentiation
media: MEM-nic [14] in 6 well plates for at least a week. Cells
were then treated with oxytocin (OXT, ThermoFisher Chemical
Co., Ward Hill, MA) at low (1 pg/mL) or medium (100 pg/mL)
concentrations. Media was collected at 24 and 72 hours for
VEGF quantification by ELISA (R+D Systems, Minneapolis,
Mn). Oxytocin receptor (OXTR) in the cell pellet was assayed
by ELISA (MyBioSource, San Diego, CA). All photographs
were taken with the same Nikon DS-Fi3 camera mounted on a
Nikon Eclipse Ts2R microscope. GraphPad Prism 10 was used
to analyze data and create graphs. Several sets of experiments
were conducted using either non-differentiation or differentiation
media. Results from experiments using differentiated ARPE-19
are reported in the Results section. Statistical analyses were
performed using ANOVA with a 95\% confidence threshold.

Results

ARPE-19 cells were cultured for at least a week before
treatments began, and cell differentiation was identified by
visual examination (Figures la & b). No observable change
in differentiation was noted between treated, untreated, high,
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or low glucose groups. OXT treatment maintained or slightly
improved cell counts and viability, which is consistent with its
potential cytoprotective role [21].

Figure 1. Photomicrograph of a) differentiated ARPE-19 and b)
undifferentiated ARPE-19 cells cultured in MEM-nic. Scale in
micrometers.

Table 1. Statistical Significance of OXT Inhibition of VEGF Expres-
sion by ARPE-19 cells in hyperglycemia (HG).

One-way ANOVA P-values (Significant = P<0.05)
All LG 24H 0.1799
All HG 24H 0.0031
AllLG 72H 0.0816
All HG 72H 0.0521

There was no significant dose effect on VEGF levels in
normoglycemic ARPE-19 cells treated with OXT for 24h and
72h (Figure 2a; Table 1). In comparison, there was a significant
dose effect on VEGF levels in hyperglycemic ARPE-19 cells
treated with OXT for 24H and 72H. The addition of OXT
significantly reduced the VEGF expression by ARPE-19 cells
(Figure 2b, Table 1).
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Figure 2. Inhibition of VEGF Expression by OXT in Differentiated ARPE-19. A) Effect of no, low, and medium doses of OXT on cells cultured
in low glucose for 24 and 72 hours. b) Effect of no, low, and medium doses of OXT on cells cultured in high glucose for 24 and 72 hours. There
was no significant dose effect on VEGF levels in normoglycemic ARPE cells treated with OXT for 24h and 72h. However, there was a significant
increase in VEGF level from 24h to 72h in ARPE-19 cells with the lowest dose OXT treatment (i.e.. LGLO 24h vs LGLO 72h, Fig 2a). In com-
parison, there was a significant dose effect on VEGF levels in hyperglycemic ARPE-19 cells treated with OXT for 24 and 72 hours. The addition

of OXT significantly reduced the VEGF expression by ARPE-19 cells in high glucose media (Fig 2b).
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Figure 3. Inhibition of VEGF Expression by Low Glucose in Differentiated ARPE-19 cells. a) Effect of glucose concentration on cells cultured

in no, low, and medium OXT doses after 24 hours. b) Effect of glucose concentration on cells cultured in no, low, and medium OXT doses after

72 hours. High glucose treatment resulted in a significantly higher level of VEGF at 24h (Fig 3a) and at 72h (Fig.3b) in all low dose treatment

groups and at 24h in the no OXT group. This is consistent with hyperglycemic condition leading to higher VEGF expression. However, there is
no significant difference between VEGF levels in ARPE-19 cells treated for 24h vs 72h with the medium OXT dose (Fig 3a vs Fig 3b).
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High glucose treatment resulted in a significantly higher level
of VEGF at 24h (Figure 3a) and at 72h (Figure3b) in all treatment
groups. This is consistent with hyperglycemic condition leading
to higher VEGF expression. However, there is no significant
difference between VEGF levels in hyperglycemic ARPE-
19 cells treated for 24h vs 72h, though there is a significant
difference between VEGF levels in normoglycemic ARPE-19
cells treated for 24h vs 72h (Figure 3a vs Figure 3b).

Discussion

This study examined the role of oxytocin (OXT) in the
inhibition of VEGF expression in differentiated ARPE-19
cells under diabetic (high glucose) and normal (low glucose)
conditions. High glucose is known to have a positive correlation
with VEGF secretion in RPE cells, including the ARPE-19 cell
line [23], and this trend is consistently observed in experiments
in the present study (Fig 3 a and b). Hyperglycemia induces
oxidative stress and hypoxia, mimicking diabetic conditions
that the cells react to by secreting higher levels of VEGF when
left untreated. Our results suggest that OXT has a statistically
significant inhibitory effect on VEGF secretion, particularly
under hyperglycemic stress.

Notably, VEGF concentrations in hyperglycemic media
treated with OXT (add concentration of MO) were consistently
lowered to those measured in normoglycemic groups (Fig 2b).
This may suggest that OXT treatment normalized the VEGF
secretion of cells cultured in hyperglycemic conditions. These
findings support other earlier in vivo work [21] showing that
OXT treatment reduced VEGF levels in diabetic rat retinas and
plasma. Because OXT is not known to bind or interact with
VEGTF, it is likely to decrease VEGF protein expression rather
than inhibiting VEGF, as in clinical anti-VEGF therapy. This
is also supported by the above-mentioned in vivo experiment,
which found a decrease in the expression of VEGF protein in
OXT-treated rat retinas. To our knowledge, the present study
is the first in vitro studies to show that differentiated ARPE-
19 expressed less VEGF in response to exogenous OXT, thus
providing a cellular/molecular pathway to substantiate results
of animal model studies.

A key observation in the present study was the non-linear
dose-response relationship. Treatment with OXT at the LO
concentrations did not result in a significant inhibition while
MO concentration of OXT lead to a significant inhibition of
VEGF expression (Fig 2b). Detailed mechanism of this dose-
dependent effect awaits further investigations.

Results in our previous experiments show that ARPE-19
cells express measurable OXTR and OXT treatment modulated
OXTR expression in a dose-dependent manner. Our experiments
also showed OXTR expression was significantly upregulated
under high glucose, indicating that retinal pigment epithelial
cells may become more sensitive to OXT during diabetic stress.
This adaptive response could explain why OXT treatment had
greater inhibitory and cytoprotective effects under high glucose
conditions. The data also suggest that OXT may act upstream of
VEGF secretion, potentially influencing transcriptional or post-
translational regulation rather than secretion itself, possibility
because retinal cells were more responsive to OXT under
diabetic conditions.

OXT treatment appeared to improve cell viability, particularly
under low glucose conditions. This aligns with reports on OXT’s
cytoprotective and anti-apoptotic properties in other tissues.
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Although experimental variability limits firm conclusions, the
trend suggests that OXT could preserve RPE cell health in
addition to modulating VEGF.

Our results provide strong evidence in support of a cellular and
molecular pathway whereby OXT inhibits VEGF expression in
the retina of animal models. Further studies using primary RPE
cells, as well as in vivo models, will provide additional details
on the mechanism and application on therapeutics.

Conclusion

This study provides evidence that oxytocin inhibits VEGF
expression in differentiated human ARPE-19 cells, with effects
most pronounced under high glucose conditions. OXT may
act upstream of VEGF secretion, offering a novel approach to
mitigate diabetic retinopathy. These results support the potential
of OXT as a preventive or adjunctive therapy for diabetic
retinopathy, warranting further investigation into dosing
strategies, mechanisms of action, and translational studies in
animal models and humans..
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