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Abstract

Diabetic Retinopathy (DR) remains one of the most severe complications of diabetes, often
resulting in vision impairment and blindness. The progression of DR is heavily influenced by
oxidative stress, inflammation, and neovascularization. Quercetin, a flavonoid present in many
fruits and vegetables, has gained attention for its antioxidant, anti-inflammatory, and anti-
angiogenic properties. This updated review focuses on quercetin's therapeutic potential in
preventing or slowing the progression of DR, discussing the evidence from recent experimental
and clinical studies.

Keywords: Flavonoids, Retinopathy, Ophthalmic preparations, Polymers, optimization, zeta,
particle size, drug release.

Introduction

Flavonoids are organic compounds characterized by a range of phenolic structures, which are
abundantly present in various natural sources such as fruits, vegetables, cereals, bark, roots,
stems, flowers, tea, and wine'. These natural products were known for their beneficial effects on
health long before flavonoids were isolated as the effective compounds. More than 4000 varieties
of flavonoids have been identified, many of which are responsible for the attractive colors of
flowers, fruit, andleaves”. Flavonoids have been used in natural dyes®’, in cosmetics and skin care
products®’,and anti-wrinkle skin agents'’. They have miscellaneous favourable biochemical and
antioxidant effects associated with various diseases such as cancer, Alzheimer’s disease (AD),
atherosclerosis,etc.’”. Flavonoids are associated with a broad spectrum of health-promoting
effects and are an indispensable component in a variety of nutraceutical, pharmaceutical,
medicinal and cosmetic applications. These biological activities depend upon the type of
flavonoid, its (possible) mode of action, and its bioavailability. These cost-effective medicinal
components have significant biological activities, and their effectiveness has been proved for a
variety of diseases.
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Figure 1. Chemical structures of important bioactive flavonoids.
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Figure 2. Flavanoids classification
Materials and methods
Table 1 Materials
S.N. Materials Manufacturer
1 Quercetin Central Drug House, New Delhi
2 Dimethyl Sulfoxide Lobachemie, Mumbai
3 Polysorbate 80 Lobachemie, Mumbai
4 Polyvinyl Pyrrolidone K-25 Pallav Chemicals, Boisar
5 Benzalkonium Chloride Lobachemie, Mumbai
6 Ethylene Dimethyl Tetra acetate Lobachemie, Mumbai
7 Hydroxypropylmethylcelulose Suvidhinath laboratories, Baroda
8 Sodium Hydroxide Pallav Chemicals, Boisar
9 Sodium Chloride Molychem, Mumbai
10 Boric acid Pallav Chemicals, Boisar
Method
= Quercetin was dissolved in Dimethyl Sulfoxide (DMSO) and passed the solution through
0.2-micron filters to sterile the solution with continue mixing. 1% (w/v) PVP K-30
solution was passed through 0.2-micron filter to sterile the solution and transferred it to
above solution drop wise. When all solution consumed, resultant mixture was passed
through 0.2-micron filter. Filtrate (active material) was washed with purified water
previously passed through 0.2-micron filter.
= In an appropriate amount of purified water, HPMC was slowly dispersed and hydrated.
= In next step, following ingredients were added in an appropriate amount of purified water
in a separate beaker, (in an order allowing each to dissolve completely before adding the
next) Edetate Disodium, Boric Acid, Benzalkonium
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=  Chloride, Sodium Chloride, Sodium Borate, Polysorbate 80 and finally hydrated HPMC
solution was added and pH was adjusted.

= Solution was passed through 0.2-micron filter and collected in a suitable calibrated vessel
for made up the final volume.

Results

Optimization

Table 2: Data feeded for optimization (Using Design expert version 13 Software)

Run Factor 1 Factor 2 Response 1 Response 2 Response 3
A: Polymer B: Time Particle size Zeta Drug release

1 C 30 607 12.61 51.28

2 E 30 736 13.52 45.48

3 C 40 509 12.61 51.32

4 H 30 341 17.31 71.68

5 E 40 592 13.52 47.88

6 H 40 336 17.31 81.16

7 E 20 801 13.52 39.56

8 H 20 392 17.31 63.92

9 C 20 750 12.61 49.76
Particle Size

ANOVA Table
Source Sum of df Mean F- value P-value
squares square

Model 2.031F+05 |2 1.016E+05 | 11.5 0.0093 Significant
A Polymer | 2.031F+05 |2 1.016E+05 | 11.5 0.0093
Residual 54179.33 6 9029.89
Cor Total 2.573E+05 |8

The Predicted R? of 0.5262 is in reasonable agreement with the Adjusted R? of 0.7192; i.e. the

difference is less than 0.2.

Polynomial equation
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PS =562.67+59.33 A[1]-206.33 A[2] (Coded Equation)
Interaction (Polymer vs Time)

Interaction & Predicted vs. Actual
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ANOVA Table
Source Sum of df Mean F- value P-value
squares square
Model 1283.82 2 641.91 20.56 0.0021 significant
A Polymer | 1283.82 2 641.91 20.56 0.0021 significant
Residual 187.36 6 31.23
Cor Total 1471.18 8

The Predicted R? of 0.7135 is in reasonable agreement with the Adjusted R? of 0.8302; i.e. the
difference is less than 0.2.

Polynomial equation

DR=55.78-5.00 A[1] + 16.47 A[2] (Coded Equation)

Volume 25, Issue 9, 2025 PAGE NO: 5



Journal For Basic Sciences ISSN NO : 1006-8341

- . & ) -
- . (1]
Zeta Potential
Polynomial equation
7Z=14.48- 1.87 A[1]+ 2.83 A[2]

3D Surface

Dby

All Factors interaction

Volume 25, Issue 9, 2025 PAGE NO: 6



Journal For Basic Sciences ISSN NO : 1006-8341

Iy
&
. ——

[

Conclusion

Flavonoid-based ophthalmic preparations are increasingly recognized as beneficial in the
management of diabetic retinopathy (DR) due to their multifaceted therapeutic properties..
Research indicates that flavonoids such as quercetin can mitigate oxidative stress and
inflammation in retinal tissues. Quercetin has been reported to attenuate high glucose-induced
injury in retinal pigment epithelial cells by modulating microRNA-29b expression, leading to
reduced inflammation and oxidative damage. This research based on preparation and optimization
of prepared formulation using design expert.

Hydroxypropyl methylcellulose (HPMC) is a water-soluble polymer that exhibits thermal
gelation in aqueous solutions often preferred over carboxymethylcellulose (CMC) and ethyl
cellulose (EC) for use in pharmaceutical suspensions due to its superior stabilizing properties,
biocompatibility and mucoadhesive nature. HPMC exhibits good solubility in water and forms a
gel-like network that controls the rheological properties of suspensions. Unlike CMC (which is
sensitive to acidic solution). HPMC exhibits stability across a broad pH range (3-11). Unlike
Ethyl cellulose which is poorly soluble in water, HPMC excels in water retention and thickening
making it ideal for optimum and control drug release over extended period of time in
pharmaceutical preparation. Due to this characteristic property of HPMC, on increasing
sonication time it shows better particle size reduction and higher drug release rate as compare to
formulation prepared by using CMC and Ethyl Cellulose.
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