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KEYWORDS ABSTRACT

Uveitis, Endotoxin Induced  Uveitis is defined by a range of diverse clinical manifestations of ocular disease and involves inflammation of
Uveitis, Resveratrol, the uveal tissue, which includes the iris, choroid and ciliary body. Uveitis is characterized by a variety of
Treatment. heterogeneous clinical manifestations of ocular diseases. Corticosteroid and immunosupressive medication are

required for non-infectious uveitis since they can successfully control inflammation. This study investigates
role of Resveratrol as a promosing treatment in endotoxin induced uveitis as a mimic human anterior uveitis.
Resveratrol is acknowledged as an antioxidant polyphenol discovered in grape skin and red wine. Anti-
inflammatory, anti-cancer, and antioxidant properties are only a few of Resveratrol many biological and
medicinal potentials. Our study evaluated the role of Resveratrol in potential therapy of uveitis. Results
demonstrate significantly reduce of inflammatory cytokine and cells suggesting the potential therapeutic
effect of Resveratrol.

1. Introduction

Of all the inflammatory illness of the eye, uveitis is one of the most dangerous intraocular conditions that can
cause blindness. Uveitis is thought to occur between 17 and 52 times per 100.000 persons each year, with a
frequency of 38 to 714 occurrences per 100.000. Uveitis in the EIU model is typified by clinically significant
inflammation that have invaded anterior and vitreous eye chamber [1-3].

The first line treatment for uveitis is suggested to be corticosteroid. However, chronic local or systemic use may
cause several of negative side effects, including altered glucose and lipid metabolism, ocular hypertension and
crystalline lens opacity. Since a consequence, safe and efficient treatments are required [4, 22, 23].

In 1939, Takaoka made the initial discovery of resveratrol (RSV) in the white hellebore root, Veratrum
grandiflorum Loes fil. The combination of its chemical makeup and the plant source from which it was extracted
may have given rise to the term “resveratrol": a polyphenol or resorcinol derivative that is present in Veratrum
species' resin and has hydroxyl (-OH) groups (-ol). Resveratrol (3,5,40-trihydroxystilbene, Rv) has the potential
to be a future therapeutic agent for eye diseases. Because of its hydrophilic properties, it can penetrate retinal
cells, increase their antioxidant capacity, and decrease the angiogenic factor vascular endothelial growth factor
(VEGF) [5, 18]. (Figure 1)
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Figure 1. The chemical formula of trans and cis resveratrol [11]
In both humans and animals, Resveratrol has a multitude of beneficial effects by impacting several organs and
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tissues. Among these include preserving homeostasis, protecting neurons, delaying the onset of aging, reducing
inflammation, and reducing the risk of heart disease and cancer. Resveratrol has been acknowledged to prevent
cardiovascular disease by promoting coronary vasorelaxation, reducing arrhythmia and limiting platelet
adhesion. Resveratrol functions as an anticancer molecule, stimulating malignant lesions with chemotherapy.
Moreover, it inhibits the death of neurons brought on by amyloid peptides, hence preventing several
neurodegenerative illnesses such as Alzheimer's. Human insulin sensitivity can be increased by resveratrol,
which influences metabolism. Besides that, Resveratrol has anti-inflammatory effect [6, 24,25, 26].

An adaptive reaction, such as tissue injury or microbial invasion, can trigger inflammation. Pathogen-associated
molecular patterns (PAMPs) are signaling molecules that originate from outside the body, whereas damage-
associated molecular patterns (DAMPS) are signaling molecules that originate from inside the body. Toll like
receptors (TLRs) are among the pattern recognition receptors (PRRs) that can recognize both PAMPs and
DAMPs. Ocular inflammation has been shown to be significantly influenced by a number of chemical mediators
in addition to retinal leukocyte adherence and vascular leakage. There are multiple intracellular signaling
pathways linked to inflammation. Vascular adhesion protein-1, intercellular adhesion molecule (ICAM)-1,
cyclooxygenase-2, Janus kinase/STAT (signal transducer and activator of transcription) 3, IkB kinase/nuclear
factor (NF)xB, and the angiotensin II type 1 receptor are examples of leukocyte adhesion molecules [7,8, 27,
28].

Pathogenesis of endotoxin induced uveitis

Lipopolysaccharide (LPS) is injected subcutaneously or intraperitoneally to activate endotoxin from
lipopolysaccharide so that create animal model of anterior segment inflammation called endotoxin-induced
uveitis (EIU). The anterior segment's infiltration of inflammatory cells is indicative of this disease.
Lipopolysaccharides (LPS) are a glycolipid component that is essential for the production of Gram-negative
bacterial endotoxins. Typically, these structures include a hydrophobic domain called lipid A (also referred to
as endotoxin), a non-repeating "core" oligosaccharide and a distal polysaccharide referred to as the O-antigen.
These endotoxins have the potential to induce inflammatory responses in the host [7, 17, 29, 30].

TNF-o is an immediate mediator in the circulation and aqueous humor of the endotoxin-induced uveitis
paradigm. TNF-o was directly implicated in experimental autoimmune uveitis (EAU) as the experiment showed
that injection of TNF-a in ocular rats produced acute uveitis comparable to the reaction observed with LPS.
Disruption of the blood-aqueous barrier, increased vascular permeability, ciliar body vascular alterations, and
iris vasodilatation are characteristics of EIU [13, 15, 31, 32].

Uveitis occurs in a disrupted blood-aqueous barrier as a result of cellular infiltration, increased protein
permeability, and elevated number of chemokines (MCP-1 and MIP-1) and cytokines (TNF-a and IL-6) in the
aqueous humor and uveal areas. In BV-2 cells or monocytes induced with lipopolisacharide, resveratrol has
been shown to decrease inflammatory mediators such prostaglandin E2 (PGE2), COX-2, TNF-a, IL-1p, IL-8,
and monocyte chemoattractant protein-1. Additionally, pretreatment with resveratrol was linked to decreased
manifestation of Toll-like receptor-4 (TLR-4) in cells activated by lipopolysaccharide (LPS). Additionally,
palmitate-induced IL-6 and expression of TNF-o in C2C12 cells is substantially inhibited by resveratrol
pretreatment at both protein levels and the mRNA [7,9, 16,33].

In cerebral developed mouse pluripotent stem cells (PSCs), researchers discovered that administering nanomolar
quantities of resveratrol, such as 50 nM and 500 nM, improves the cells' capacity to proliferate while restoring
their stemness features, basic versatility, and differentiation potential. This is accomplished by blocking the
mammalian target of rapamycin (mTOR) signaling pathway and activating the Janus kinase/signal transducers
and activators of transcription 3 (JAK/STAT3) pathway. In study in vivo by Prasetya et al, Resveratrol at a
concentration of 100 uM can reduce retinal ganglion cell death during ischemia-reperfusion damage [10,12, 34,
35].

Role of NFKB pathway in endotoxin induced uveitis

Many genes involved in immunological and inflammatory responses are controlled by nuclear factor-xB (NF-
kB), a family of inducible transcription factors. Dormant in the cytoplasm, NF-kB attaches itself to IxB
inhibitors such as IkBa and IkBf. One important step to activate NF-kB is IkB phosphorylation held by IKK.
The two main signaling routes that induce NF-«B activation are the noncanonical (or alternative) pathway and
the canonical pathway. The control of inflammatory and immunological responses depends on both pathways,
despite their different signaling methods. [7, 14, 36].
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LPS can cause cells to release cytokines of inflammatory such as IL-1, IL-6, TNF-a, and IL-10 because it
activates NF-xB. MyD88 and TRIF are two different TLR adapters that allow LPS to trigger macrophage
signaling. Based on genetic data, the TLR pathway that is dependent on MyD88 is essential for the polarization
of M1 macrophages and the induction of proinflammatory cytokine expression. The transcription-related
parameter for M1 macrophages, NF-«xB is essential. It also stimulates many inflammatory genes, including
cyclooxygenase-2, TNF-a, IL-1p, IL-6, IL-12 p40, and others. It activates a number genes inflammation, for
example cyclooxygenase-2, IL-6, TNF-a, IL-1p, and IL-12 p40 [7,14,37].

" Membrane |
phospholipid

( Phospholipase A2 \

" Arachidonic |
| acid
oa) | (o)
PGH,
[ 1 [ |
[ pGD, || PGE, || PGl || TXxA,

Figure 2. Resveratrol inhibits the metabolism of arachidonic acid [7]

According to some research, when M1 macrophages are stimulated by LPS, they differentiate and release
proinflammatory molecules for example IL-6 and TNF-a. Additionally, they exhibit higher levels of the
inflammatory-promoting enzyme induced nitric oxide synthase (iNOS). NF-«B, a factor of transcription, must
be activated for lipopolysaccharide-dependent inducible gene expression, which causes synthesis and deliver
adhesion molecules and mediator of inflammation. Consequently, inhibiting NF-kB activation may serve as a
viable therapeutic target for ocular inflammation [19, 21, 38].

Resveratrol in endotoxin induced uveitis

Resveratrol affects the inflammatory response through a number of signaling pathways, for example the
arachidonic acid (AA) pathway, mitogen-activated protein kinase (MAPK) pathway, and nuclear factor kappa
B (NF-kB) pathway. Along with other anti-inflammatory routes, polyphenols have an important role in
inhibiting the arachidonic acid (AA) pathways. Phospholipase A2 is cleaved by membrane phospholipids to
release AA, which COX then breaks down to create PGs (PGD2, PGE2, PGI2) and thromboxane (TX) A2. In
contrast to those generated by COX-1, which maintain renal homeostasis and have cytoprotective,
immunomodulatory, and platelet properties, prostanoids formed by COX-2 promote the inflammatory response.
(Figure 2). Research on the effects of RSV use in uveitis has been conducted by Kubota et al. Endotoxin in
lipopolysaccharide was injected to induce uveitis in an animal model to evaluate the protective impact of
resveratrol. The results of the experiment demonstrated that consume resveratrol supplementation for five days
reduced the synthesis of two important inflammatory proteins: intercellular adhesion molecule-1 (ICAM-1) and
monocyte chemoattractant protein 1 (MCP-1) [7,11, 39]. (Figure 3)

Figure 3. Signaling cascade of Resveratrol [7]
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Resveratrol has the capability to prevent the activation of NF«B produced by PMA, LPS, H202, okadaic acid,
TNF-a, IL-1 and UVB. It has been shown that resveratrol dose-dependently decreases TNF-induced NFxB
activation in lymphoid, epithelial, and myeloid cells. The content of nuclear NFkB subunit was decreased in
cells exposed to LPS and Resveratrol decreases NF«B activation and phosphorylation, which correlates with
IxB degradation. Furthermore, it has been shown to decrease expression of TLR-4 while increasing synthesis
of IL-6, nitrogen oxide (NO), and inducible nitric oxide synthase (iNOS) in response to LPS. It also hinders IkB
phosphorylation, which stops NFkB p65 from moving from the cytoplasm into the nucleus. Resveratrol has
been demonstrated to increase SIRT1-dependent cellular functions, including axonal protection, fat
mobilization, and the suppression of NFkB-dependent transcription [7, 20, 40].

Resveratrol also suppresses the NF«B activation that is dependent on IL-1 in vitro, so reducing the synthesis of
IL-1 and controlling many signals that govern cellular survival, proliferation, and the production of
inflammatory cytokines. According to Kubota et al (2009), Resveratrol prevents oxidative damage and inhibits
the redox-sensitive activation of NF«kB, thereby blocking the cellular and molecular inflammatory responses
related to EIU [7, 8, 41, 42].

2. Conclusion

Resveratrol may prove to be a valuable medicinal substance for the prevention and management of a number of
autoimmune and chronic inflammatory conditions, such as uveitis. This phytoalexin has shown promise in
modulating a variety of inflammatory cellular and molecular mediators.
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