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Anti-inflammatory role of curcumin in retinal disorders (Review)
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Abstract. Curcumin [1,7-bis-(4-hydroxy-3-methoxyphenyl)
-hepta-1,6-diene-3,5-dione], the main component of turmeric
(Curcuma longa, a flowering plant of the ginger family,
Zingiberaceae), is known to possess different pharmacological
activities, particularly anti-inflammatory and antioxidant
properties. Since an underlying inflammatory process exists
in several ocular conditions, such as anterior uveitis, glau-
coma, age-related macular degeneration (AMD) and diabetic
retinopathy (DR), the aim of the present review was to
summarize the pleiotropic effects exerted by this molecule,
focusing in particular on its beneficial role in retinal diseases.
The anti-inflammatory activity of curcumin has also been
described in numerous systemic inflammatory pathologies and
tumors. Specifically, the biological, pharmaceutical and nutra-
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ceutical properties of curcumin are associated with its ability
to downregulate the expression of the following genes: IxBa,
cyclooxygenase 2, prostaglandin E2, interleukin (IL)-1, IL-6,
IL-8 and tumor necrosis factor-a. According to this finding,
curcumin may be useful in the treatment of some retinal
disorders. In DR, proliferative vitreoretinopathy and AMD,
beneficial effects have been observed following treatment with
curcumin, including slowing down of the inflammatory process.
Despite the aforementioned evidence, the main disadvantage of
this substance is that it possesses a low solubility, as well as
poor oral bioavailability due to its reduced absorption, rapid
metabolism and rapid elimination. Therefore, several curcumin
analogues have been synthesized and tested over the years, in
order to improve the possible obtainable therapeutic effects.
The purpose of the present review was to identify new aspects
that could guide future research on this important traditional
medicine, which is a well-tolerated natural product, and is
widely considered safe and economical.
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1. Introduction

Curcumin: Chemical structure. Curcumin (1,7-bis[4-hydroxy-
3-methoxyphenyl]-1,6-heptadiene-3,5-dione) is a hydrophobic
and insoluble yellowish-orange colored polyphenol and the
major bioactive component of turmeric (Curcuma longa).
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It is also known as Diferuloylmethane or E100, in relation
to the European coding of food additives (1). Another term
commonly used to refer to this substance is ‘Curcumin I’ (2).
Considering its pleiotropic action, curcumin belongs to the
group of phytocompounds, which can be defined as biologi-
cally active molecules produced by plants with positive effects
on health (3). In 1815, more than 140 years ago, Vogel isolated
it from the Curcuma longa rhizomes, a traditional perennial
plant belonging to the Zingiberaceae family. Later, in 1913,
Lampe synthesized this molecule (4).

Owing to its anti-inflammatory, antioxidant, antimicro-
bial, anti-angiogenesis, antimutagenic and neuroprotection
properties (5-9), curcumin is considered to be a nutraceutical
substance for the treatment of several chronic diseases t such
as diabetes, atherosclerosis, rheumatism, infectious and onco-
logical diseases (brain, lung, breast and colon cancer) (10-12).

From a commercial point of view, the most interesting
component of the plant is represented by Curcuma Longa's
roots: Once the rhizomes are boiled and dried in the sun, they
are crushed in order to produce a yellow-orange powder, whose
biologically active compound is curcumin which accounts for
2-5% of turmeric extract (5,13) (Fig. 1).

Apart from this molecule, demethoxycurcumin (DMC) and
bis-demethoxycurcumin (BDMC) represent the major turmeric
curcuminoids: More specifically, DMC and BDMC present
biological properties quite similar to those of curcumin, being
able to suppress the activity of enzymes such as COX-2, respon-
sible for nuclear factor-kB (NF-«B) activation. Conversely, the
turmeric volatile fraction includes terpene compounds, such as
zingiberene, curcumol and (3-turmerone (14,15).

Curcumin: Properties. The most promising feature of
curcumin is its anti-inflammatory and antioxidant activity:
Normally, inflammation represents a physiological and protec-
tive response of the body to a series of events which can be
result in organic damage. Closely related to inflammation
processes is oxidative stress, which is commonly defined as
an imbalance between reactive oxygen species (ROS) and
antioxidant defenses (16).

A situation of persistent oxidative stress can trigger several
inflammatory molecular signaling pathways: For instance,
ROS may lead to an improvement in the NF-kB and the tumor
necrosis factor a (TNF-a) (17,18). Nowadays, it is assumed that
curcumin's anti-inflammatory and antioxidant properties are
mainly related to its hydroxyl and methoxy groups.

Curcumin leads to deregulation of TNF-a and proinflam-
matory interleukins (IL-1,IL-2,IL-6,IL-8 and IL-12) owing to
its ability to down regulate the Janus kinase/signal transducer
and activator of transcription (JAK/STAT) pathway.

Despite all these positive aspects, curcumin presents
some important limitations: First of all, it has extremely poor
bio-availability, supported by evidence that the biologically
active fraction registered in the blood is minimal; secondly, the
need for high levels of the substance (>3.6 g/day in humans) in
order to achieve any therapeutic effects (19).

Curcumin: Limitations of use. Therefore, in order to overcome
these strict limitations, several approaches such as curcumin
analogues, enhancers and delivery systems have been taken
into consideration.

Regarding curcumin analogues, some of the more prom-
ising substances appear to be the pro-drug diphosphorylated
curcumin, which is characterized by a higher molecular
stability in the aqueous media (20), the curcumin pro-drug
curcumin diethyl disuccinate (CurDD) (12) and WZ35, with
stronger anti-tumoral properties (21,22).

‘Bioavailability enhancers’ have been considered even
more encouraging: This definition refers to compounds which
improve substance availability. In the case of curcumin, there
has been a great interest in piperine owing to its ability to
decrease curcumin hepatic and intestinal glucuronidation (23)
with consequent augmentation of curcumin bioavailability.
This pharmacological effect was demonstrated by comparing
serum curcumin concentration when given alone versus
administration together with piperine. In this last case,
curcumin blood levels presented a significant increase (24).

Another field of great interest is represented by curcumin
carriers: For instance, nanoparticles, able to ameliorate
curcumin bioavailability, solubility and stability in aqueous
media (25), liposomes (26), which are spherical bilayer
vesicles with a size approximately between 25-1,000 nm, and
polymeric micelles (27-29).

One of the most encouraging delivery systems for curcumin
is an amphiphilic polymer polyvinyl caprolactam-polyvinyl
acetate-polyethylene glycol graft copolymer (Soluplus®),
which presents both a hydrophilic and a lipophilic compo-
nent (25,30).

Unfortunately, it must be clarified that most of these
strategies have not yet been tested in the eye: Nevertheless,
use of a biodegradable curcumin-loaded scleral plug for treat-
ment of posterior ocular diseases experimented in rabbit eyes
represents an exception, with high levels of curcumin obtained
both in vitro and in vivo (31). In addition, a further vehicle is
Meriva®, a curcumin-phospholipid lecithin formulation, able
to improve visual acuity and reduce macular edema in DR
patients when administered twice a day as tablets (Norflo®,
Eye Pharma, Genoa, Italy) (32,33).

In ophthalmology, an initial approach with curcumin was
attempted as part of the treatment of complicated chronic
anterior uveitis: An improvement in symptoms was observed
after a 12-week treatment dose of 375 mg three times a
day (34).

The chemical and biological properties of curcumin make
this substance capable of exerting anti-inflammatory, anti-
oxidant, antimicrobial and anti-tumorigenic activity. Thanks
to these properties, curcumin has been studied in vitro and
in vivo, also in the context of many inflammatory, autoim-
mune, congenital and degenerative eye diseases of both the
anterior and posterior segments, and has been used as an adju-
vant therapy (35-37). The main problem with the oral use of
curcumin is its poor bioavailability caused by low gastrointes-
tinal absorption and rapid hepatic and intestinal metabolism.
Considering the strong evidence demonstrating the ‘weakness’
of isolated curcumin as a valid therapy, the evaluation of
holistic approaches that take into account the chemistry and
complexity of the pharmacodynamics/pharmacokinetics of
turmeric and its broad nutritional basis compared to traditional
drugs seems to be the direction for future research in this field.
The purpose of our work is to identify new aspects that could
guide future research on this important traditional medicine
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Figure 1. Curcuma longa. (A) Turmeric flowers, (B) root and (C) its chemical structure.

especially in view of the fact that it is a well-tolerated, natural
product, considered safe and economical.

2. Methodology

For this review, we searched the PubMed database without
language limitations for articles regarding curcumin. Using
the ‘Advanced Search Builder’ tool, the terms ‘curcumin’,
‘inflammation’ and ‘eye diseases’ were used with the terms
‘anti-inflammatory’, ‘retinopathy’, ‘antioxidants’, ‘extracel-
lular matrix remodeling’, ¢ oxidative stress ‘and’ angiogenesis
‘included in the title or abstract of the articles. The docu-
ments published up to December 2020 were included. All the
publications have been carefully studied, to select those most
relevant to our topic. The references reported in the selected
papers were also examined. Finally, a web search engine was
also used (Google). We have not used any exclusion criteria for
this research

3. Therapeutic effects of curcumin in retinal diseases

Nowadays, it is well-known that in a wide group of retinal
diseases an inflammatory pathogenesis can be identified: The
retina, considered as part of the central nervous system, is
characterized by the presence of different cell types, including
two types of photoreceptors: Cones, principally located in the
macula lutea, and rods, mostly placed in the retinal periphery.
These cells,along with retinal ganglion cells and retinal pigment
epithelial (RPE) cells, are particularly sensitive to oxidative
stress damage. Recent studies have shown that curcumin
protects RPE from oxidative stress and damage induced by
the inflammatory process by reducing TNF-a. levels, recently
Bucolo et al (36) has shown that curcumin provides protection
against damage induced by oxidative stress in the RPE through
activation of Nrf2/HO-1 (nuclear factor erythroid 2-related
factor 2/heme oxygenase 1) signaling involving modulation
of the extracellular signal-regulated kinase (ERK) pathway
suggesting that curcumin may have therapeutic value in the
treatment of retinal diseases such as diabetic retinopathy (DR)
and age-related macular degeneration (AMD) (36,37). More

in detail, this nervous tissue is largely subjected to oxidative
stress owing to its intrinsic features, such as continuous light
exposure, which leads to photooxidation mechanism enhance-
ment. The consequences of this are an improvement of ROS
levels, high vascularization and, finally, a high concentration of
mitochondria. Oxidative stress is the triggering mechanism in
a series of harmful processes: Cell apoptosis, angiogenesis and
inflammation leading to a wide range of retinal pathologies.
As mentioned above, thanks to its pharmacological properties,
curcumin is able to prevent the formation of ROS: Hence it can
be properly used in the prevention and treatment of distinct
retinal disorders as AMD, DR, proliferative vitreoretinopathy
(PVR), retinal ischemia-reperfusion injury (RIRI), retinitis
pigmentosa (RP) and retinal and choroid tumors (1,3,35).

4. AMD

AMD is the most common cause of irreversible blindness
affecting elderly subjects in industrialized countries. AMD
exists in two forms: A non-neovascular one (also defined as
‘dry’ or ‘non-exudative’) and a neovascular one, character-
ized by choroidal neovascularization ( also known as ‘wet’
or ‘exudative’) (Fig. 2). From a clinical point of view, loss
of central vision is one of the most characteristic symptoms
referred by patients and is due to progressive macular
degeneration. Currently, no treatment is reported to exist
for the dry form, while the neovascular one is commonly
approached with continued intraocular injections of
anti-vascular endothelial growth factor (anti-VEGF) (38).
To date, AMD pathogenesis remains unclear: Undoubtedly,
inflammation and oxidative stress, along with other risk
factors such as aging, smoking, sun exposure and a poor
diet, play a major role in AMD (39). As is well-known,
the macula is constantly exposed to both oxygen and light
and, consequently, a great amount of ROS is produced in
this region. ROS lead to the activation of a series of distinct
pathways such as the mitogen activated protein kinases, the
ERK, the p38 mitogen-activated protein kinase, and the
c-Jun N-terminal kinase (JNK). Specifically, the cells that
are most damaged are the RPE cells, placed between the
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Figure 2. OCT. Wet age-related macular degeneration with choroidal neovascularization. Subretinal fluid and fibrovascular pigment epithelial detachment were
also evident on the OCT. Diagnostic images provided by Professor M. Nebbioso. OCT, optical coherence tomography.
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Figure 3. OCT. Diabetic retinopathy with cystoid macular edema. OCT showed a retinal section with cystic spaces at the macula. Diagnostic images provided

by Professor M. Nebbioso. OCT, optical coherence tomography.

choroid and the photoreceptors, leading to AMD develop-
ment. RPE cells are deeply involved in supporting the retina,
both being implicated in the photoreceptor outer segments
digestion and in blood-retinal barrier maintenance. Thus,
Muangnoi et al (40) investigated the protective role of the
CurDD against curcumin in relation to oxidative stress
induced in human ARPE-19 cells (Retinal Pigment Epithelial
immortalized cell line derived from Amy Aotaki-Keen
eyes), the most widely used experimental model cells. They
showed that CurDD, like curcumin, is able to downstream a
fundamental apoptotic signaling pathway, known as p44/42
(ERK), with a consecutive reduction of their effector mole-
cules Bax and Bcl2 in ARPE-19 cells. Moreover, CurDD
revealed a greater protective effect than curcumin against
oxidative stress, thus representing a valid alternative option
for AMD prevention and treatment (36,37,40).

5.DR

DR is considered to be the main cause of irreversible visual
loss all over the world in the working-age population (41).

Clinically, it can be defined as a metabolic and microvascular
disease (42), characterized by a process of chronic inflamma-
tion. Ischemia, microaneurysms, hemorrhages, retinal edema,
neuronal degeneration and neovascularization (43) represent
the most indicative manifestations of DR (Fig. 3).

Depending on neovascularization, two distinct DR stages
can be recognized: Blood flow alterations, pericyte loss and
thickening of the basement membrane define the non-prolif-
erative diabetic retinopathy, while a sight-threatening
neovascularization is the main feature of the proliferative
diabetic retinopathy (44).

In both cases inflammation and oxidative stress are the
underlying cause of the DR onset and progression determining
damage of photoreceptors and blood vessels with release of
cellular mediators able to stimulate angiogenesis (45). Another
factor of extreme importance in the DR pathogenesis is the
oxidative stress induced by hyperglycemia: Specifically, ROS
contribute to the loss of pericytes leading to microaneurysms
and, as a consequence, to the vascular syndrome of DR (46,47).

Moreover, free radicals favor an increase of proinflamma-
tory mediators such as VEGF and TNF-a (48.49).
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Several studies have been conducted to evaluate the benefi-
cial effects of curcumin in the case of DR: In 2011 the role
of oral curcumin at doses of 1 g/kg body weight of strepto-
zotocin-induced diabetic retinopathy in Wistar albino rats was
assessed in terms of prevention and treatment. Particularly,
curcumin revealed a significant hypoglycemic activity and the
ability to positively modulate the antioxidant system, with an
increase of SOD and catalase enzymes. Moreover, a decrease
of TNF-a and VEGF levels was observed (50).

Interestingly, curcumin is able to normalize the diabetic
microvasculature: A decrease in its tortuosity, narrowing
and micro-aneurysms was observed. The beneficial effect of
curcumin treatment on the microvasculature is also demon-
strated by the regeneration and repair mechanisms observed
in choroidal microvasculature after curcumin treatment (51).

6.PVR

PVR is defined as an eye disorder generally occurring after
retinal detachment or re-attachment and often leading to blind-
ness. It can be defined as a form of wound healing process
induced by the epidermal growth factor and mainly character-
ized by RPE cell proliferation and migration. Ren et al (52)
described a significant reduction of RPE cell proliferation
and of vitreous opacity in the group of patients who received
curcumin in comparison with the control group.

7.RIRI

In the case of RIRI, a pathological process due to a loss of
intraocular perfusion pressure, as a consequence of ocular
hypertension, the protective role of curcumin on retinal neurons
was described by Wang et al (53). They found that curcumin is
able to inhibit both NF-kB and STAT3 (signal transducer and
activator of transcription) and the consequent over-expression
of monocyte chemoattractant protein 1 in Wistar rats (53).

The protective role of curcumin was also observed in
retinal neurons and capillaries in stroke spontaneously hyper-
tensive rats (SHR), where curcumin is able to down-regulate
the INK expression (54).

8.RP

Curcumin has also been attempted as an optional treatment in
RP, a group of disorders characterized by a progressive degen-
eration of photoreceptors which inexorably leads to blindness.
It can be defined as a heterogeneous disease including both
syndromic and non-syndromic forms and involving a great
number of genes, with different patterns of transmission and
distinct phenotypic presentation (55).

In this regard, a promising discovery was made by
Vasireddy et al (56): The P23H mutation in the rhodopsin
gene determines a rhodopsin misfolding with the formation
of insoluble aggregates. The consequence of this is a form of
autosomal dominant RP. They observed that the treatment of
COS-7 cells expressing mutant rhodopsin with curcumin leads
to aggregate dissociation: In light of this, they administered
curcumin to P23H-rhodopsin transgenic rats and, in this way,
were able to demonstrate the anti-protein, aggregating activity
of curcumin (56).

Curcumin is also able to prevent photoreceptor apoptosis
triggered by the ROS generator methyl-N-nitrosourea (MNU)
tested in a Sprague-Dawley rat model. As highlighted by
Emoto et al (57), the rats firstly received MNU and were then
injected with doses of 100 or 200 mg/kg of curcumin. A reduc-
tion of central retinal damage was observed (57).

9. Retinal and choroidal tumors

Considering that curcumin's pharmacological activities have
been studied in the treatment of various oncological diseases,
it is not surprising that its use has also been evaluated in a form
of retinal tumor, the retinoblastoma (RB). The pathogenesis of
this retinal cancer is usually due to the biallelic loss of RBI,
a tumor suppressor gene, in association with both genetic and
epigenetic modifications. In particular, one study highlighted
the ability of curcumin to determine RB cell proliferation and
migration as well as induce their apoptosis. The pathway along
which curcumin acts is the JAK/STAT with its consequent
inactivation (58). Curcumin anti-cancer activity has even been
reported in tumors not directly originating in the retina, such
as intraocular lymphoma, able to cause ocular metastasis (59).

10. COVID and curcumin

The mechanism underlying the effect of curcuminoids is
inhibition and blocking of free radicals before they develop
and spread. Besides the anti-inflammatory and analgesic
activity, antibacterial and antiviral, hepatoprotective, choles-
terol-lowering and antithrombotic activities have also been
demonstrated. In the latter case, the antioxidant activity has
proved particularly effective in limiting oxidative damage
to the vessel walls. Oxidation of the structures of the vessel
membranes is in fact one of the main prerequisites for the
formation of a thrombus. The correlation between inflamma-
tory diseases, such as pneumonia and thrombosis in general
(especially venous), has been known for decades. In fact
patients with any bacterial or viral form of pneumonia, not
necessarily from SARS-CoV-2, are routinely subjected to
thromboembolic prophylaxis with low molecular weight
heparin. In a recent work the authors have addressed the
thrombotic complications in the context of SARS-CoV-2 (60).

11. Conclusions

Considering what has been said so far, it clearly emerges
that curcumin, the main polyphenolic compound of the food
flavoring turmeric, has gained significant interest due to its
biological anti-tumoral, antioxidant, immune-modulating,
anti-inflammatory, antiparasitic and antiviral proper-
ties (61,62). For this reason, it has been extensively studied
in different fields of medicine, in general, and particularly, in
ophthalmology, where inflammatory cytokines are involved
in the development of many ocular diseases, such as conjunc-
tivitis, keratitis, uveitis, glaucoma, age-related macular
degeneration and diabetic retinopathy (63-68).

Since a wide range of beneficial properties have been iden-
tified at different levels, much work still needs to be done in
order to overcome some important limitations inherent to this
substance, such as its bio-availability. Not least, it is important
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to emphasize that curcumin is included in the food and drug
category ‘generally regarded as safe’ (69).

In the light of this, curcumin can be also considered a
promising and alternative option in several retinal diseases:
In future perspectives we can expect that from having a niche
role it could gradually assume an increasingly important posi-
tion in the treatment of a wide range of both retinal and ocular
diseases.
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