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ABSTRACT

Oxidative stress plays a critical role in the initiation and progression of multiple ocular disorders, including cataract,
glaucoma, and age-related macular degeneration, primarily through excessive generation of reactive oxygen species and
subsequent cellular damage. The ocular tissues are particularly susceptible to oxidative injury due to their high metabolic
activity and constant exposure to environmental stressors. Traditional medicinal plants native to Central India represents
a rich source of bioactive compounds with well-documented antioxidant potential and historical relevance in the
management of eye diseases. Recent advances in nanotechnology have enabled the development of plant-based
nanomedicine systems designed to overcome the limitations associated with conventional phytotherapy, such as poor
solubility, low bioavailability, and limited ocular permeability. Incorporation of phytoconstituents such as flavonoids,
polyphenols, and terpenoids into nanocarriers including nanoemulsions, liposomes, and solid lipid nanoparticles has
demonstrated enhanced stability, improved corneal penetration, and controlled drug release. This review critically
examines the integration of ethnopharmacological knowledge with contemporary nanotechnological approaches for the
management of oxidative stress-induced ocular conditions. It further discusses formulation strategies, therapeutic
potential, and emerging evidence supporting the efficacy of these systems. Additionally, key challenges related to safety,
standardization, and clinical translation are addressed. The study underscores the potential of traditional plant-based
nanomedicine as a promising and sustainable approach for improving ocular health outcomes.
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1. INTRODUCTION

Oxidative stress represents a fundamental pathological
mechanism underlying a wide spectrum of ocular
disorders, arising from an imbalance between the
production of reactive oxygen species (ROS) and the
antioxidant defence capacity of ocular tissues. Due to
continuous exposure to light, high oxygen consumption,
and rich polyunsaturated lipid content, ocular structures
such as the cornea, lens, and retina are particularly

vulnerable to oxidative damage. Excessive ROS
generation can induce lipid peroxidation, protein
modification, mitochondrial dysfunction, and DNA

damage, ultimately contributing to cellular apoptosis and
tissue degeneration (Bohm et al, 2023; Nita &
Grzybowski, 2016).

In cataract formation, oxidative modification of lens
proteins leads to aggregation and loss of transparency,
while in glaucoma, ROS-mediated damage to trabecular
meshwork and retinal ganglion cells contributes to
increased intraocular pressure and neurodegeneration
(McMonnies, 2018; Masuda et al., 2017). Similarly,
oxidative stress plays a central role in the pathogenesis of
age-related macular degeneration (AMD) by promoting
retinal  pigment epithelium  dysfunction, chronic
inflammation, and photoreceptor degeneration (Abokyi et
al., 2020). In diabetic retinopathy, hyperglycemia-induced
oxidative stress enhances lipid peroxidation, inflammation,
and ferroptosis-related pathways, further aggravating
retinal vascular damage (Fan et al., 2022; Olvera-Montano
et al., 2019). Additionally, oxidative stress is strongly
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associated with dry eye disease and corneal epithelial
injury through activation of pro-inflammatory signaling
and mitochondrial impairment (Seen & Tong, 2018; Xiang
et al, 2016). Furthermore, biomarkers such as
malondialdehyde and inflammatory mediators have been
widely reported as indicators of oxidative damage in
ocular conditions, highlighting their diagnostic and
therapeutic relevance (Ahmad & Ahsan, 2020; Maurya et
al., 2021). Collectively, these findings emphasize that
oxidative stress is not only a contributing factor but also a
central driver in the initiation and progression of major
ocular diseases, making it a critical target for therapeutic
intervention.

Traditional medicinal systems in Central India, particularly
those practiced by indigenous and tribal communities, rely
extensively on plant-based therapies for the management
of various diseases, including ocular disorders. These
ethnomedicinal practices are deeply rooted in regional
biodiversity and traditional knowledge, where numerous
medicinal plants are utilized for their antioxidant, anti-
inflammatory, and cytoprotective properties. Plant-derived
bioactive compounds such as polyphenols, flavonoids,
carotenoids, and alkaloids have been widely reported to
mitigate oxidative stress by scavenging reactive oxygen
species (ROS), enhancing endogenous antioxidant
defences, and preventing cellular damage (Akbari et al.,
2022; Forni et al, 2019). Several medicinal plants
commonly used in traditional Indian medicine have
demonstrated significant potential in managing oxidative
stress-related  ocular  conditions. = For  instance,
phytochemicals such as curcumin and kaempferol have
shown protective effects against retinal oxidative injury by
reducing lipid peroxidation and preserving cellular
integrity (Mandal et al., 2009; Du et al., 2018). Similarly,
bioflavonoids present in traditional herbal formulations
have been reported to play a crucial role in preventing
cataract formation and other degenerative eye diseases
through their strong free radical scavenging and metal-
chelating properties (Majumdar & Srirangam, 2010).
Ethnopharmacological studies and systematic reviews
further indicate that medicinal plants are widely employed
in the treatment of common ophthalmic disorders,
highlighting their therapeutic relevance and accessibility
in resource-limited settings (Alghamdi et al., 2023).

In addition, certain traditional formulations have
demonstrated aldose reductase inhibitory activity and anti-

cataract potential, suggesting their role in preventing
diabetes-associated ocular complications (Gacche &
Dhole, 2011). The protective effects of plant-based
antioxidants are also supported by evidence indicating
their ability to modulate oxidative stress pathways
involved in ageing and chronic diseases, including those
affecting ocular tissues (Bungau et al., 2019). Collectively,
these findings underscore the importance of traditional
plant-based medicine in Central India as a valuable source
of antioxidant therapies, which may be further optimized
through modern approaches such as nanotechnology for
improved efficacy and targeted ocular delivery.

Nanomedicine refers to the application of nanotechnology
in the diagnosis, prevention, and treatment of diseases
through the use of nanoscale materials and drug delivery
systems. In recent years, nanomedicine has emerged as a
promising approach for enhancing the therapeutic efficacy
of plant-derived bioactive compounds, particularly in the
management of oxidative stress-related ocular diseases.
Conventional phytochemicals often suffer from limitations
such as poor aqueous solubility, low bioavailability, rapid
degradation, and limited ocular penetration, which restrict
their clinical effectiveness. Nanocarrier-based systems,
including  liposomes,  nanoemulsions,  polymeric
nanoparticles, and solid lipid nanoparticles, have been
developed to overcome these challenges by improving
drug stability, controlled release, and targeted delivery to
ocular tissues (Bonifacio et al., 2014; Civelek et al., 2024).
The integration of phytoconstituents with nanotechnology
has shown significant potential in mitigating oxidative
stress by enhancing the bioactivity and retention of
antioxidant compounds within ocular environments. For
instance, nanoformulations of lutein and other plant-
derived antioxidants have demonstrated improved
protection against oxidative damage induced by light
exposure and reactive oxygen species (Chae et al., 2021;
Madaan et al., 2017). Similarly, nanotechnology-based
delivery systems have been explored for -effective
management of cataract and retinal disorders by
facilitating better penetration across ocular barriers and
reducing systemic side effects (Sunkireddy et al., 2013;
Krishnaswami et al., 2024). Emerging evidence also
highlights the potential of combining herbal constituents
with nanocarriers in the treatment of diabetic retinopathy,
where oxidative stress plays a central pathogenic role
(Ganore et al., 2026).
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Figure 1: Plant-Based Nanomedicine Strategies for Oxidative Stress-Induced Ocular Diseases

2. MECHANISM OF OXIDATIVE
OCULAR DISEASES

Oxidative stress is characterized by an imbalance between
the production of reactive oxygen species (ROS) and the
efficiency of endogenous antioxidant defence mechanisms,
resulting in significant cellular and molecular damage.
Ocular tissues are particularly susceptible to oxidative
stress due to their high metabolic activity, continuous
exposure to light, and elevated levels of polyunsaturated
fatty acids. At the cellular level, excessive ROS generation
disrupts  mitochondrial ~ function,  induces lipid
peroxidation, and promotes oxidative modifications of
proteins and nucleic acids, ultimately leading to cellular
dysfunction, apoptosis, and tissue degeneration.
Mitochondrial impairment further amplifies oxidative
damage by reducing ATP production and increasing ROS
accumulation, thereby accelerating disease progression
(Kimura et al., 2017; Xu et al., 2025; Kowluru and Mishra,
2015; Wu et al., 2018).

STRESS 1IN

Reactive oxygen species, including superoxide anion
(O77), hydrogen peroxide (H,O;), hydroxyl radicals
(*OH), and singlet oxygen, are generated as byproducts of
cellular metabolism and in response to environmental
stressors. Although ROS play essential roles in cellular
signaling under physiological conditions, their excessive
accumulation leads to oxidative damage in ocular tissues.
Specifically, ROS initiate lipid peroxidation, resulting in
membrane destabilization, and induce structural and
functional alterations in proteins, leading to enzyme
inactivation and aggregation. Additionally, ROS-mediated

DNA damage interferes with gene expression and
promotes apoptotic pathways. Persistent oxidative stress
also activates inflammatory signaling cascades, further
exacerbating tissue injury and contributing to the
progression of ocular diseases (Calderon et al., 2017; Li et
al., 2022; Hammes, 2018).

Oxidative stress is a central factor in the pathogenesis of
several ocular disorders, including cataract, retinal
diseases, and glaucoma. In cataractogenesis, oxidative
stress leads to the aggregation and denaturation of lens
crystallin proteins, resulting in the loss of lens
transparency and progressive opacification (Sunkireddy et
al., 2013). In retinal diseases such as diabetic retinopathy
and age-related macular degeneration (AMD), oxidative
stress contributes to mitochondrial dysfunction, vascular
abnormalities, and chronic inflammation. Hyperglycemia-
induced ROS production promotes retinal cell apoptosis,
disruption of the blood-retinal barrier, and pathological
angiogenesis. Furthermore, oxidative stress has been
implicated in ferroptotic cell death of retinal pigment
epithelial cells, thereby exacerbating retinal degeneration
(Kowluru and Mishra, 2015; Totsuka et al., 2019; Behl et
al., 2016; Ferrington et al., 2017). In glaucoma, oxidative
stress induces degeneration of retinal ganglion cells and
optic nerve damage through mitochondrial dysfunction,
impaired axonal transport, and increased neuronal
apoptosis. Additionally, oxidative damage to trabecular
meshwork cells contributes to elevated intraocular
pressure, a key factor in glaucoma pathogenesis (Kimura
etal., 2017).
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Figure 2: Oxidative Stress-Induced Ocular Damage and Antioxidant Defence Mechanism

3. TRADITIONAL PLANT-BASED APPROACHES
TO COMBAT OXIDATIVE STRESS

Central India is rich in medicinal flora traditionally used
for managing oxidative stress—related ocular disorders.
Plants such as Azadirachta indica (neem), Emblica
officinalis (amla), Moringa oleifera, Curcuma longa
(turmeric), and Coriandrum sativum (coriander) are
known for their potent antioxidant properties due to the
presence of bioactive compounds like flavonoids,
polyphenols, carotenoids, alkaloids, and vitamins (e.g.,
Vitamin C and E). These compounds play a crucial role in
scavenging reactive oxygen species (ROS), thereby
preventing oxidative damage in ocular tissues such as the
lens, retina, and cornea. Previous studies have

demonstrated that plant-derived antioxidants, including
flavonoids like quercetin and kaempferol, can protect
retinal pigment epithelial cells and delay cataract
formation by reducing lipid peroxidation and enhancing
endogenous antioxidant defences (Orhan et al., 1999; Du
et al., 2018; Gao et al., 2023). Additionally, traditional
medicinal systems have long utilized these plants in the
form of decoctions, eye washes, and dietary supplements
to manage conditions such as cataract, diabetic
retinopathy, and corneal inflammation (Huynh et al., 2013;
Bungau et al., 2019). Thus, the integration of traditional
knowledge with modern scientific evidence highlights the
therapeutic potential of Central Indian medicinal plants in
ocular health management.

Table 1: Medicinal Plants Commonly Used in Central India for the Management of Oxidative Stress-Induced Ocular

Disorders
Plant Name Bioactive Antioxidant Role Traditional / References
Compounds Reported
Ocular Use
Azadirachta  indica | Flavonoids, ROS scavenging, | Eye infections, | Huynh et al,
(Neem) limonoids, nimbidin | anti-inflammatory irritation relief 2013
Emblica  officinalis | Vitamin C, | Strong antioxidant, | Cataract Bungau et al.,
(Amla) polyphenols, tannins | prevents oxidative | prevention, 2019
damage vision
improvement
Moringa oleifera Quercetin, Reduces oxidative | Nutritional Gao et al., 2023
chlorogenic acid, | stress, retinal | support for eye
vitamins A & C protection health
Curcuma longa | Curcumin Anti-inflammatory, | Eye Pawlowska et
(Turmeric) (polyphenol) inhibits lipid | inflammation, al., 2019
peroxidation oxidative damage
protection
Coriandrum sativum | Flavonoids, Antioxidant, Eye irritation | Huynh et al.,
(Coriander) terpenoids, Vitamin | cooling effect relief (traditional | 2013

IJIDDT, Volume 16 Issue 3, 2026

Page: 738



Plant-Based Therapeutics for Ocular Diseases: From Ethnopharmacology to Nanomedicine

C use)

Trigonella  foenum- | Alkaloids, flavonoids | Prevents cataract | Anti-cataract Gupta et al.,
graecum (Fenugreek) via antioxidant | activity 2010

action
Curcuma longa | Curcumin ROS scavenging, | Cataract, retinal | Agarwal et al.,
(Turmeric) (polyphenol) anti-inflammatory, | protection 2009

inhibits lipid

peroxidation
Azadirachta  indica | Flavonoids, Antioxidant, anti- | Eye infections, | Sharma et al,
(Neem) limonoids inflammatory irritation relief 2024; Panghal

etal., 2010

Emblica  officinalis | Vitamin C, | Strong antioxidant, | Cataract Sharma et al.,
(Amla) polyphenols prevents oxidative | prevention, 2024

damage vision

improvement

Tinospora cordifolia | Alkaloids, glycosides | Reduces oxidative | General eye | Sharma et al.,
(Giloy) stress, health support 2024

immunomodulatory
Ocimum sanctum | Eugenol, flavonoids | Antioxidant, anti- | Eye irritation, | Panghal et al.,
(Tulsi) inflammatory traditional use 2010
Terminalia arjuna Tannins, flavonoids | Antioxidant Supportive role | Sharma et al.,

activity in ocular health 2024
Butea monosperma Flavonoids Free radical | Traditional eye | Sharma et al.,

scavenging applications 2024
Aloe vera Vitamins, Antioxidant, Eye irritation, | Panghal et al.,

polysaccharides soothing effect inflammation 2010
relief

Various Indian | Phenolics, flavonoids | Aldose reductase | Cataract Kumar et al.,
medicinal plants inhibition (anti- | prevention 2011
(study-based) cataract

mechanism)
Vitex negundo Luteolin (flavonoid) | Prevents oxidative | Cataract Rooban et al.,

stress-induced management 2012

cataract

4. NANOMEDICINE IN

TRADITIONAL PLANT-

chitosan-based nanoparticles have been employed for the

BASED TREATMENTS

Nanotechnology has emerged as a promising strategy to
overcome the inherent limitations of plant-derived
antioxidants, including poor aqueous solubility, low
bioavailability, rapid degradation, and limited ocular
penetration. Nanoparticle-based drug delivery systems
significantly enhance the stability, bioavailability, and
controlled release of phytochemicals, thereby improving
their therapeutic efficacy in oxidative stress—induced
ocular diseases (Sahoo et al., 2008; Li et al., 2023; Lima et
al., 2019). Various nanocarrier systems such as liposomes,
solid lipid nanoparticles (SLNs), polymeric nanoparticles,
dendrimers, nanomicelles, and nanovesicles have been
extensively investigated for encapsulating plant-based
bioactives and facilitating targeted ocular delivery
(Rahman et al., 2020; Olowosoke et al., 2026; Ates et al.,
2025). These nanocarriers effectively overcome
physiological barriers including corneal impermeability,
tear turnover, and nasolacrimal drainage, resulting in
enhanced drug retention and bioavailability.

Several studies have demonstrated the successful
application of plant-derived nanomedicines in managing
oxidative stress—related ocular disorders. For instance,

delivery of rosmarinic acid, improving ocular permeability
and antioxidant activity (da Silva et al., 2016). Similarly,
micelle-nanogel platforms and thermosensitive hydrogels
have been developed for sustained release of ferulic acid
and other phytochemicals, enhancing therapeutic
outcomes in corneal and dry eye conditions (Grimaudo et
al., 2020; Tsai et al, 2016; Zhou et al., 2025).
Cyclodextrin-based inclusion complexes have also been
shown to improve the solubility and ocular delivery of
flavonoids such as quercetin and resveratrol (Krsti¢ et al.,
2022; Lima et al, 2019). In addition, spanlastic
nanovesicles and cubosome-based systems have
demonstrated improved anti-inflammatory and antioxidant
efficacy for compounds like vanillic acid and zeaxanthin
(Ibrahim et al., 2022; Kumari et al., 2025). Advanced
nanoformulations such as dendrimer-based nanoparticles
and nanozymes further enhance ocular drug transport and
provide multifunctional antioxidant effects (Xue et al.,
2024; Ates et al, 2025). Moreover, plant-based
nanoparticle eye drops formulations, including olive leaf
extract systems, have shown promising results in corneal
wound healing and oxidative stress reduction (Migone et
al., 2025). The underlying mechanisms involve scavenging
of reactive oxygen species (ROS), enhancement of
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endogenous antioxidant defense systems, and suppression
of inflammation in ocular tissues (Sunkireddy et al., 2013;
Medoro et al., 2025). Collectively, these findings highlight
integrating nanotechnology with plant-derived

that

diseases.

therapeutics offers a highly efficient and targeted approach
for the treatment of oxidative stress-induced ocular

Table 2. Overview of plant-derived bioactive compounds incorporated into various nanocarrier systems for ocular

[ Plant Based Bioactive ]
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Figure 3. Nanocarrier-Mediated Ocular Drug Delivery of Plant Bioactives

5. ADVANTAGES
NANOMEDICINES

Targeted drug delivery to ocular tissues has gained
significant attention due to
therapeutic efficacy while minimizing systemic side

OF

PLANT-BASED

its ability to enhance

delivery

systems
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enable precise drug
overcoming ocular barriers such as corneal impermeability
and rapid tear clearance, thereby improving treatment
outcomes in diseases like diabetic retinopathy (Sharma et

applications
Plant Compound Nanocarrier Oc.u la1.~ Key Outcome Reference
System Application
S Chitosan . Improved permeability | da Silva et al.,
Rosmarinic acid nanoparticles Ocular delivery & antioxidant activity 2016
L . Dry eye / corneal | Sustained release & | Grimaudo et
Ferulic acid Micelle-nanogel protection enhanced efficacy al., 2020
Ferulic acid Thermosensitive Corneal wound | Controlled release & | Tsai et al.,
hydrogel healing tissue repair 2016
Vanillic acid Spanlast.l ¢ Anti-inflammatory Enhanced bioavailability [brahim et al,
nanovesicles ocular therapy 2022
Quercetin /| Cyclodextrin . Improved solubility & | Krstic et al.,
Resveratrol complexes Ocular delivery bioavailability 2022
S . . Enhanced drug delivery | Zhou et al.,
Rosmarinic acid Gelatin nanogels Dry eye disease & retention 2025
Olive leaf extract Nanoparticle eye Comeal wound Reduced oxidative stress Migone et al.,
drops healing 2025
. Antioxidant ocular | Improved  antioxidant | Kumari et al.,
Zeaxanthin Cubosomes .
therapy potential 2025
Phytochemicals Polymeric . . Targeted delivery & | Olowosoke et
(general) nanoparticles Retinal diseases sustained release al., 2026
Natural plant | Various Biomedical/ocular | Improved stability & | Rahman et al.,
extracts nanocarriers use delivery 2020
Multiple Ocular  oxidative . . Xue et al,
antioxidants Nanozymes stress ROS scavenging activity 2024
Plant bioactives Dendrimer Glaucoma Enhanced transport & | Ates et al.,
nanoparticles multifunctional action 2025
Dendrimers

Antioxidants and Protective Effects

effects. Advanced intraocular and nanotechnology-based

localization,
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al., 2020). In addition, nanoencapsulation techniques
significantly enhance the solubility, stability, and
bioavailability of poorly water-soluble plant-derived
compounds such as lutein, allowing improved therapeutic
effectiveness in ocular disorders (Permatasari et al., 2024).
Furthermore, the use of biocompatible materials such as
chitosan in nanocarrier design ensures reduced toxicity,
improved biodegradability, and enhanced safety profiles
compared to conventional synthetic drug systems (Lv et
al., 2024). Collectively, these advances highlight the
potential of plant-based nanomedicine to provide safe,
targeted, and efficient therapeutic strategies for oxidative
stress-induced ocular diseases.

6. CURRENT RESEARCH AND APPLICATIONS
Recent advancements in  nanotechnology  have
significantly enhanced the therapeutic potential of plant-
based bioactive compounds in the management of
oxidative stress-induced ocular diseases. Over the past
decade, numerous studies have reported the development
of nanoformulations incorporating phytoconstituents such
as curcumin, ginsenoside Rg3, lutein, thymol, and other
plant-derived extracts, demonstrating improved efficacy in
both in vitro and in vivo models. RGD-functionalized
liposomal delivery of ginsenoside Rg3 has been shown to
effectively attenuate oxidative stress and suppress
choroidal neovascularization in models of age-related
macular degeneration (Zhou et al., 2025). Similarly,
curcumin-based  nanoformulations, including ceria
nanoclusters and hyaluronic acid-based nanoparticles,
have exhibited pronounced antioxidant and anti-
inflammatory activities in experimental models of cataract,
uveitis, and dry eye disease through modulation of
oxidative stress pathways (Liu et al., 2022; Tang et al.,
2025). Moreover, recent studies have demonstrated that
extracellular vesicle-like particles derived from Curcuma
longa can regulate key signaling pathways such as HIF-1a
and NRF2, thereby mitigating retinal neovascularization
and oxidative damage (Chen et al., 2026). Additional
investigations have highlighted the protective effects of
thymol-based nanomicelles and plant extract-loaded
PLGA nanoparticles in reducing oxidative injury in
corneal epithelial cells (Song et al., 2020; Tsai et al.,
2021).

Despite these promising findings, the majority of current
research remains confined to preclinical investigations,
including cell-based assays and animal models. Several
studies have demonstrated enhanced ocular bioavailability,
targeted delivery, and sustained drug release using
nanoparticle-based systems, such as curcumin-loaded
hydrogels and nanozyme-based eye drops, which have
shown improved therapeutic outcomes in models of
corneal injury and ocular surface diseases (Sohani et al.,
2024; Qiao et al., 2025). However, there is a notable
paucity of well-designed clinical trials evaluating the
safety and efficacy of plant-based nanomedicines in
human subjects, thereby limiting their clinical translation.

Furthermore, the development and commercialization of
plant-based nanomedicines face several critical challenges.

These include formulation-related issues such as
physicochemical instability, scalability, and reproducibility
of nanocarrier systems, as well as difficulties in achieving
precise drug loading and controlled release. In addition,
stringent regulatory requirements for nanomedicine
approval necessitate comprehensive toxicological and
pharmacokinetic evaluations, which remain insufficiently
addressed in current studies. Concerns regarding long-term
biocompatibility and potential nanotoxicity further
underscore the need for extensive safety assessments.
Therefore, although plant-based nanomedicine represents
a promising and innovative therapeutic approach for
oxidative stress—associated ocular disorders, further
clinical validation and regulatory standardization are
essential to facilitate its successful integration into clinical
practice.

7. FUTURE DIRECTIONS

Future research in plant-based nanomedicine for oxidative
stress-induced  ocular  diseases should emphasize
innovation through the exploration of underutilized
medicinal plant species, particularly those indigenous to
Central India, which may serve as rich sources of novel
antioxidant phytoconstituents. Integrating
ethnopharmacological knowledge with modern
nanotechnology could facilitate the identification and
development of new bioactive compounds with enhanced
therapeutic potential. In parallel, advancements in
nanocarrier design, including stimuli-responsive, ligand-
functionalized, and multifunctional delivery systems, offer
promising opportunities to improve targeted ocular
delivery, drug stability, and controlled release profiles (Li
et al., 2023).

Another important direction involves the development of
personalized therapeutic strategies by combining
traditional medicinal knowledge with nanotechnology-
based precision delivery systems. Such approaches may
enable the customization of treatments based on individual
patient profiles, disease progression, and oxidative stress
status, thereby enhancing therapeutic efficacy while
minimizing adverse effects. Emerging technologies,
including nanozyme-based antioxidant therapies, further
support the potential for tailored interventions in ocular
disorders (Xue et al., 2024).

Additionally, sustainability considerations must be
incorporated into the development of plant-based
nanomedicines. The wuse of eco-friendly extraction
techniques, green synthesis of nanoparticles, and
sustainable sourcing of medicinal plants are essential to
ensure environmental compatibility and long-term
resource availability. Adoption of green nanotechnology
approaches can reduce the environmental impact of
production processes while maintaining therapeutic
efficiency. Overall, future research should focus on
integrating innovation, personalization, and sustainability
to advance plant-based nanomedicine toward safe,
effective, and clinically translatable solutions for oxidative
stress—associated ocular diseases.
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8. CONCLUSION

Oxidative stress plays a critical role in the pathogenesis of
various ocular diseases, including cataract, age-related
macular degeneration, diabetic retinopathy, and corneal
disorders. Traditional plant-based remedies, rich in
bioactive compounds such as flavonoids, polyphenols, and
carotenoids, have demonstrated significant antioxidant and
therapeutic potential in mitigating oxidative damage in
ocular tissues. However, limitations associated with poor
solubility, stability, and bioavailability of these
phytoconstituents have restricted their clinical application.
In this context, the integration of nanotechnology has
emerged as a promising strategy to overcome these
challenges by enhancing targeted delivery, improving drug
stability, and enabling controlled release of plant-derived
bioactives.

Recent advancements in plant-based nanomedicine have
highlighted the effectiveness of various nanocarrier
systems, including nanoparticles, liposomes, nanogels, and
nanoemulsions, in improving ocular drug delivery and
therapeutic outcomes. Despite encouraging preclinical
findings, the translation of these technologies into clinical
practice remains limited, underscoring the need for more
comprehensive clinical investigations and long-term safety
evaluations. Therefore, future research should focus on
strengthening interdisciplinary collaboration between
traditional medicine and modern nanotechnology, as well
as promoting sustainable and innovative approaches for
the development of safe, effective, and accessible
therapies. Harnessing the full potential of plant-based
nanomedicine may pave the way for advanced therapeutic
strategies in the prevention and management of oxidative
stress-induced ocular diseases.
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