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ARTICLE INFO ABSTRACT
Published: 29 July. 2026 Blue light emitted from sunlight and digital devices has been recognized as an important
Keywords: environmental factor that contributes to oxidative stress, inflammation,
green tea extract, Camellia hyperpigmentation, and premature skin aging. Green tea (Camellia sinensis) extract is
sinensis, niosomal gel, blue rich in polyphenolic compounds, particularly epigallocatechin-3-gallate (EGCG), which
light, oxidative stress, possesses potent antioxidant, anti-inflammatory, and photoprotective properties.
photoaging. However, the topical application of green tea extract is limited by its poor stability and
DOL: inadequate skin penetration. The present study aims to develop and evaluate a green tea
10.5281/zenodo.21685739 extract-loaded niosomal gel for enhanced topical delivery and protection against blue
light-induced skin damage. Niosomes are non-ionic surfactant-based vesicular systems
capable of improving the stability, encapsulation efficiency, controlled release, and skin
permeation of bioactive compounds. In this study, green tea extract-loaded niosomes
will be prepared using the ether injection method and characterized for vesicle size,
polydispersity index (PDI), zeta potential, entrapment efficiency, and physical stability.
The optimized niosomal suspension will be incorporated into a Carbopol 934 gel base
and evaluated for physicochemical properties, antioxidant activity, and anti-blue light
potential. The developed formulation is expected to provide sustained release of EGCG,
improve skin retention, reduce oxidative stress, and offer enhanced protection against
blue light-induced skin damage, making it a promising herbal nanocosmeceutical for
dermatological and cosmetic applications.
INTRODUCTION 1.1 Topical drug delivery: -
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A topical drug delivery system is a traditional drug
delivery system having a history of more than a
thousand years. In ancient days ointments and
salves are made from plant, animal and mineral
extracts. These preparations are delivered through
a topical route for treatment of skin diseases. This
method was employed by Chinese, Egyptians, and
Babylonians.! The skin acts as a barrier for the
entry and exit of many chemicals, prevents
moisture loss, and controls body temperature to
maintain homeostasis within the body. Topical
preparations are useful in preventing gastric
degradation of drugs and avoiding first-pass
metabolism.  So,
bioavailability of the drug, and these topical
preparations give its action directly at the site of

there 1s an increase In

action.?

VARIOUS TOPICAL FORMULATIONS
AVAILABLE IN THE MARKET ARE
LISTED BELOW: -

> Semi -Solid preparations: -

Eg: - Gels, Paste, Creams, Ointments.
> Liquid Preparations: -

Eg: - Lotions, Solutions, Liniments.
» Solid Preparations: -

Eg: - Powders.

> Other Preparations: -

Eg: - Transdermal patches, Foams, Sprays, etc.’

BENEFITS OF TOPICAL DRUG DELIVERY
SYSTEM: -

[ ] Avoidance of First-Pass Metabolism.

[] Targeted, Localized Therapy.

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

[J Improved Patient Compliance.

[] Reduced Systemic Side Effects.

[] Patient-Friendly Formulations.

[] Lower Dose and Enhanced Efficacy.

[] Non-Invasive and Easily Reversible.

[J Controlled or Sustained Release Possibilities.*
1.2 Anatomy and physiology of skin: -

The largest organ of human body is skin it covers
about 15% of total adult body weight it performs
many important functions like protection against
external physical, chemical and biological agents,
it prevents excessive water loss from the body. The
skin is composed of three main layers: -1)
Epidermis, 2) Dermis and 3) Subcutaneous fascia
J Epidermis is the outermost layer of the skin
having different layers such as stratum spinosum,
stratum granulosum, stratum lucidum, stratum
basale. Cells of epidermis includes keratinocytes,
melanocytes, langerhans and marker cells. Dermis
is a second layer of skin which is connected to
epidermis by the basement membrane. The dermis
is made up of two layers of connective tissue, the
reticular and papillary, which blend together
without obvious separation. The higher dermal
layer, known as the papillary layer, is thinner and
made up of loose connective tissue that comes into
touch with the epidermis. The deeper, thicker, and
less cellular layer is called the reticular layer.
Collagen fiber bundles make up the dense
connective tissue that makes up this layer.
Hypodermis also known as Subcutaneous fascia, it
is located beneath the dermis so it is called as
hypodermis. It is the deepest layer of the skin, it
consists of sensory neurons, blood vessels, hair
follicle and adipose lobules.®
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The skin structure and physiology play a crucial
role in the delivery and permeation of drug via this
route. The presence of hair follicles and pores
plays a critical role in drug permeation.” Stratum
Corneum is layer of skin composing of 40% lipids,
40% proteins and only 20% water. So, this
composition helps in permeation of liphophillic

Hair
follicle Hair

Epidermis [
Dermis
Hypodermis

(subcutaneous
fat)

Nerve

drug. This liphophillic character of drug suitable
for topical delivery of drugs. However hydrophilic
drugs are difficult to pass through stratum
corneum due to its less water content. Here the hair
follicles and pores play role in the absorption of
drugs.®

Sebaceocus Sweat

gland gland

Fig 1.1: - Structure of Skin

1.3 Skin Aging

Skin aging is a progressive biological process
characterized by structural and functional
deterioration.

It is classified into:

Intrinsic Aging

Occurs naturally due to:

e Genetics

e Hormonal alterations

e C(Cellular senescence

¢ Reduced collagen synthesis

Characteristics include:

e Fine wrinkles
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e Thin epidermis
e Dry skin
e Reduced elasticity

Extrinsic Aging :

Major contributors Results from environmental
factors.

include:

e Ultraviolet radiation
e Blue light

e Air pollution

e Cigarette smoke

e Poor nutrition

e Psychological stress

Extrinsic aging is largely mediated through
oxidative stress.
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1.4 Photoaging

Photoaging refers to premature aging caused by
chronic exposure to environmental radiation.

Although ultraviolet radiation has traditionally
been considered the principal cause of photoaging,
increasing evidence suggests that prolonged
exposure to visible blue light also contributes
significantly to:

e Hyperpigmentation

e ROS generation

e DNA oxidation

e Collagen degradation

e Matrix metalloproteinase activation
e Wrinkle formation

e Skin barrier dysfunction

Unlike UVB, blue light penetrates deeper into the
dermis, affecting fibroblasts and extracellular
matrix proteins responsible for maintaining skin
elasticity.

1.5 Blue Light: Sources and Characteristics

Visible light constitutes approximately 44% of the
solar electromagnetic spectrum and ranges from
400 to 700 nm. Blue light, also referred to as
High-Energy Visible (HEV) light, occupies the
wavelength range of 400-500 nm. Owing to its
relatively short wavelength and high photon
energy, blue light possesses greater biological
activity than other visible wavelengths and has

become an important focus of dermatological and
cosmetic research.

Historically, sunlight has been the major source of
blue light. However, modern lifestyles have
significantly increased exposure to artificial blue
light through digital devices and LED-based
illumination. Recent estimates suggest that people
spend nearly 90% of their time indoors, where
LED lighting and electronic screens have become
the predominant sources of visible light exposure.

1.5.1 Sources of Blue Light
Natural sources include:

e Sunlight
e C(lear daylight
e Reflected solar radiation

Artificial sources include:

e Smartphones

e Tablets

e Laptop computers
e Desktop monitors
e LED televisions

e LED bulbs

e Computer monitors
e Gaming devices

e Medical LEDs

e Cosmetic LED

1.5.2 Physical Properties of Blue Light

Property Value
Wavelength 400-500 nm
Photon energy Highest among visible wavelengths

Skin penetration

Extends into the dermis

Major source

Sunlight and LED devices

Biological effect

ROS generation and oxidative stress

Because photon energy is inversely proportional to
wavelength (Planck's equation), blue light
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possesses considerably greater energy than green,
yellow, orange, or red light. This high energy
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with
chromophores and photosensitizers present within
skin cells, initiating photochemical reactions that

enables interactions endogenous

generate reactive oxygen species
1.5.3 Blue Light-Induced Skin Damage

Increasing evidence demonstrates that blue light
induces numerous adverse biological effects on the
skin. While ultraviolet radiation has traditionally
been regarded as the principal environmental
cause of photoaging, visible blue light has recently
emerged as an independent contributor to
oxidative skin damage.

Blue light penetrates more deeply than UVB
dermis, where
fibroblasts, collagen fibers, and elastin fibers
exposure

radiation and reaches the

reside. Consequently, prolonged
promotes extracellular matrix degradation and
accelerates skin aging.

Major biological effects include:
1. ROS Generation

Blue light excites endogenous photosensitizers
such as flavins, porphyrins, NADH, and
lipofuscin. Excited photosensitizers transfer
energy to molecular oxygen, generating ROS
including:

e Superoxide anion (O2¢")

e Hydrogen peroxide (H20:)
e Hydroxyl radicals (*OH)

e Singlet oxygen ('O2)

ROS production represents the primary
mechanism responsible for blue light-induced
phototoxicity.

2. Oxidative Damage

Excess ROS attack cellular macromolecules:

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

e DNA
° LipidS
e Proteins

e Mitochondria
e Cell membranes

This oxidative damage disrupts normal cellular
metabolism and promotes apoptosis.

3. DNA Damage

Experimental studies demonstrate that blue light
induces:

e DNA strand breaks

e Oxidized nucleotides

e 8-OHdG formation

e Chromosomal instability

Persistent DNA damage accelerates cellular
senescence and contributes to photoaging.

4. Inflammatory Response

Blue light stimulates inflammatory signaling
pathways including:

e NF-«xB
e MAPK
e AP-1

e TRPV1 activation

These pathways promote
inflammatory mediators such as:

production  of

e TNF-a
o IL-IB
o [L-6

e (COX-2

Inflammation subsequently enhances collagen
degradation and impairs skin repair

5. Hyperpigmentation
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Blue light activates melanocytes through:

e Opsin-3 receptor

e Calcium signaling

e MITF activation

e Increased tyrosinase expression

These events stimulate melanin synthesis,
producing persistent pigmentation, particularly in

individuals with darker skin phototypes.
6. Skin Barrier Dysfunction
Blue light reduces epidermal barrier integrity by:

e Increasing lipid peroxidation
e Disrupting keratinocyte differentiation
e Altering ceramide metabolism

Barrier impairment increases

water loss and skin sensitivity.

trans-epidermal

1.5.4 Mechanism of Blue
Oxidative Stress

Light-Induced

The mechanism of blue light-induced skin damage
mmvolves a cascade of molecular events.

Step 1

Blue light penetrates the epidermis and dermis.
Step 2

Endogenous chromophores absorb photons.
Step 3

Generation of ROS.

Step 4

Oxidative stress exceeds antioxidant defenses.

Step 5

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

Activation of:
NF-«B
MAPK

AP-1

TRPVI

Step 6

Production of inflammatory cytokines and matrix
metalloproteinases.

Step 7

e Collagen degradation
e FElastin fragmentation
e DNA oxidation

e Hyperpigmentation

e Premature aging

This oxidative pathway provides the rationale for
using antioxidant-rich botanical formulations to
neutralize ROS before irreversible tissue damage
occurs.

1.6 Gel: -

As per USP Gels are defined as a semi solid system
containing either suspensions made up of small
organic or inorganic molecules interpenetrated by
a liquid. These are the preparation which are
intended for application on the skin. Gels are
generally considered to be more rigid because gels
contain more covalent cross links, a higher density
of physical bonds. ' A gel consists of natural or
synthetic polymers forming a three-dimensional
matrix throughout a hydrophilic liquid or a
dispersion medium. A gel is made up of two layers
cross-linked, three-dimensional substance that
contains a significant volume of liquid to create a
stiff network which immobilizes the liquid
continuous phase.
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Ideal properties of topical gel:

e Gel should be clear and homogenous.
e Should be inert in nature.

e It should be stable, non-irritant.

e It should be non-sticky.

e It should have anti- microbial activity.

Advantages of Gel: -

e It can be wused as controlled release
formulation.

e They can be used to administer both polar and
non-polar drugs.

e Easy to formulate as compared to other semi
solid dosage form.

e They are biodegradable and biocompatible.

e They are washable and nontoxic in nature.

e Retention time is higher than other topical
dosage forms.

e They provide excellent spread ability and

cooling effect.

Disadvantages: -

e Some drug may degrade in gel formulation due
to presence of polymer.

e Gelling agent may precipitate and result in
salting out.

e Flocculation in some gel may produce an
unstable gel.

e Solvent evaporation from the formulation may
result in drying of the gel.

e The additives may induce irritation.

e The water content may increase the chances of
microbial or fungal attack in gel.'°

1.6.1 Niosomal gel: -

Niosomal gels are semisolid systems where
niosomes are embedded within a gel matrix,
combining enhanced solubility, stability, and
controlled release of therapeutic agents with easy
topical application and prolonged residence time. !
These systems penetration,
bioavailability, and patient compliance while
enabling sustained and targeted delivery.

improve

NIOSOMES

(Non-lonic Surfactant Vesicles)

Hydrophilic head

g
ey \ ' \\ 4y
Gl \\ﬁ. i/
S ‘\\
“\‘ - Aqueous core
(encapsulated
drug)

Bilayer
membrane

KEY FEATURES

APPLICATIONS

- Biocompatible and biodegradable
-+ Improve drug solubility and stability
- Protect drug from degradation I \acsinag
+ Controlled and sustained drug release

« Enhance skin permeation and bioavailability

1.7 Method of preparation of Niosomes: -

1. Ether injection method

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

(Non-ionic surfactant)

4
# 7 Hydrophobic tail
S ‘

+ Drug delivery

+ Cosmetic formulations

« Gene delivery

TYPES OF NIOSOMES

Small s
i e Multilamellar

Vesicle (MLV)

" r la Ur
Vesicle (SUV) Vesicle (LUV)

COMPOSITION

i

Non-ionic Encapsulated

Surfactant Cholesterol

In this method cholesterol and non-ionic surfactant
are dissolved in diethyl ether. This mixture is then
injected through a 14 guage needle into an aqueous
solution of drug maintained at 60°C. The ether
solution is evaporated to room temperature giving
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single layered vesicles having particle size in the = whereas limited solubility of materials in ether and
range of 50-1000nm. The advantage of this difficulty to remove ether from the final
method includes control of size, which can be formulation are the disadvantages of this method.
obtained by controlling the size of the needle

ETHER INJECTION METHOD FOR NIOSOME PREPARATION

Principle: Niosomes are prepared by injecting an organic phase (lipid + surfactant in diethyl ether) into an agueous phase
under continuous stirring. Ether diffuses into the aqueous phase, evaporates and the surfactant molecules self-
assemble into niosomal vesicles.

@ Preparation of @ Preparation of @) Ether injection @ stirring and evaporation © Resultant niosome
organic phase aqueous phase dispersion
y oy
(\\(

= A Niosomevesicle |
b (Structure)
— s
Surfactant (Span 60/20) Aqueous phase i
+ Cholesterol/Stearic acid (Phosphate buffer pH 7.4 ¢ :
+ Drug (if any) or distilled water) Niosorfaidimperdiniisis 1
dissolved in diethyl ether kept in a beaker with obtained N
magnetic stirrer \1.
Organic phase is slowly injected Stirring is continued for l '\, i
through a syringe into th 1-2 htoall let i H
AT 8 A sy O riemtion | | @ Hydophiichesd |
aqueous phase under evaporation of ether an (optional) i R (surfactant)
continuous stirring formation of niosomal vesicles i 1
i 8 Hydrophobic tail |
)| t?  (surfactant) H
SALIENT FEATURES ' H
| i @ Entrappeddrug |
+ Simple and reproducible method | i (aqueous core)
= No high temperature or sonication required | FIOWCHARTSUMMARY | w8 @~ T
|
* Suitable for heat sensitive drugs Organic phase Injectioninto __ Stirring & ether _ Niosome Filtration
o (in ether) aqueous phase evaporation dispersion (optional) Dispersion can be filtered
through Whatman filter paper

to remove any unentrapped drug
or larger aggregates (optional)
Note: Diethyl ether should be removed completely as it is toxic and flammable.

2. Hand shaking method leaves a thin film of solid mixture on the wall of

the flask. This dried film of surfactant is hydrated
In this method the vesicle forming agents, that is  using an aqueous solution of drug with gentle
cholesterol and surfactant are dissolved in volatile  agitation giving milky niosomal dispersion. This is
organic solvent such as methanol, diethyl ether or  one of the most common methods forming multi
chloroform in a round bottom flask. The solventis  |amellar niosomes.
then evaporated using rotary evaporator which

HAND SHAKING METHOD FOR NIOSOME PREPARATION

‘ inciple: Ni are prepared by hydrating a thin lipid film (surfactant + cholesterol) with aqueous phase ’

containing drug with vigorous hand shaking. The agitation causes the self of surfactant
molecules into niosomal vesicles.

Lomd‘ ‘emﬁ:‘; J lo Hand shaking J | @ Equiibration | ‘euml:ﬁen(opﬁml) @ Niosome dispersion

= ml
S e o o
4

== (
\\:/ '\J
* Surfactant (Span 60/20) =

+ Cholesterol/Stearic acid

dissolved in suitable « Hydrate the lipd film with

organic solvent aqueous prn:d(hm« Clos th Tk tightly. « Allow the dispersion to « The dispersion can be « Cool the dispersion to

g oH 7.4) containing drug +*Shelee: vigoroushy by hend stand for 1-2 hours for kept in a water bath room temperature.
< Trandfor 8o sound ot Sinon kel for 5-10 mihitex complete hydration and (50-60 °C) for 30-60 min « Niosomal dispersion

ﬂ;g( and e.:mm .,,,::, * This produces a milky vesicle stabiization. ‘with intermittent shaking is obtained and can be

rediced poaas Rotowesd) ‘::": x:' g phase niosomal dispersion. to improve vesicle used for further

toor : - .
to form a thin uniform film ey e formation and entrapment. studies or lyophiized.
on the wall e
SALIENT FEATURES SCHEMATIC REPRESENTATION Niosome Structure
 Simple, economical and easy to perform 1 [ {1 ¢
! 7 ? N\ ° b head

= No need of special equipment “u Evaporation Hydation with 7: 2 il £ i (surtoctany
- Sul =2 aquecusphase | | dispersion %

Suitable for thermolabile drugs 2. \,\wﬁj / - -
* Scale-up is easy Surfactant Thin lipid fim \ (surfactant)

+ Cholesterol Hand shakdng
« Vesicle size may be larger compared to (Organic solvent) o ki
o (aqueous core)
FLOW CHART SUMMARY
|- > Hand shaking Equibration | Noosome
ceganic solvent (Thin ipid fim) aquecus phase Gtomn) | 0| 02mn [ 7| dspesin

Note: The size and entrapment efficiency depend on type and concentration of surfactant, cholesterol, hydration volume,
shaking intensity and duration.
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3. Reverse phase evaporation method

In a mixture of organic solvent (ether and
chloroform), equal ratios (1:1) of cholesterol and
surfactant is dissolved. To the above phase an
aqueous phase containing the drug is added giving
a mixture of two phases. This phase is sonicated at

4-5°C to form a clear gel which is further sonicated
after the addition of phosphate buffer saline. The
organic phase is removed using rotary vacuum
evaporator at 40°C and at reduced pressure. This
results in a viscous suspension of noisome which
is diluted with phosphate buffer saline at 60°C for
10 minutes to yield niosomes.

REVERSE PHASE EVAPORATION METHOD FOR NIOSOME PREPARATION

This leads to the formation of niosomal vesicles.

Principle: Niosomes are prepared by forming a water-in-oil (w/o0) emulsion followed by its dispersion in aqueous phase
(oil-in-water (o/w) emulsion) and removal of organic solvent under reduced pressure.

Preparation of
aqueous phase

] {0 Preparation of

organic phase w/o emulsion

] [9 Formaiono(primary} [o Formation of

w/o/w emulsion

} [Q Solvent evwitioﬂ} [G HyduﬁonofgolJ {o Niosome dispﬂsion]

* Drug (if aqueous soluble)
dissolved in buffer
(e.g., phosphate buffer

* Surfactant (Span 60/20)
+ Cholesterol/Stearic acid
dissolved in organic solvent

+ Aqueous phase is added
dropwise to organic phase
with stirring/homogenization

* The w/o emulsion is added
to an external aqueous phase
(e.9., buffer) with continuous

l D
« The gel is hydrated with
pre-warmed aqueous buffer

* The o/w emulsion is subjected
to solvent evaporation under

* The dispersion is allowed
to equilibrate and can be
with gentle stirring to

reduced pressure (Rotavap) used for further studies

pH 7.4) (e.g., chloroform:methanol
2] to form water-in-oil (w/o) stirring to form oil-in-water 2t 40-60 °C until a thin obtain niosomal dispersion. o lyophilized.
emulsion. (o/w) emulsion. niosomal gel is obtained.
SALIENT FEATURES SCHEMATIC REPRESENTATION NIOSOME STRUCTURE

« High entrapment efficiency & e
1 | — e
* Suitable for both hydrophilic W/ wow
— | — —_—
and hydrophobic drugs Emulsion » ©| Emulsion

« Small and uniform vesicles
Aqueous Organic phase
phase  (Surfactant + Cholesterol
in organic solvent)

* Solvent is completely removed
+ Scalable and reproducible

@  Hydrophilic head
il (surfactant)

Hydrophobic tail
(surfactant)

Niosomal
dispersion

Solvent
evaporation

Nie | gel
iosomal ge © Entrapped drug

(aqueous core)

FLOW CHART SUMMARY
Ao s Organic phase | W/O/W emulsion e P
([; ity || (Surfactant + Cholesterol |— W/O emuision | —  (Addition to external | —» (Rmv?; —> Nosomalgel —»  Hydration | —»| oo
v in organic solvent) aqueous phase) .2 kspacion
Note: Process parameters such as stirring speed, temperature, phase ratio, and evaporation conditions influence vesicle size, PDI and entrapment efficiency.

4. Sonication

An aqueous solution of drug in buffer is added to
the mixture of surfactant and cholesterol. This

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

mixture is added to a 10ml glass vial which is
probe (titanium probe) sonicated for 3minutes at
60°C to yield niosomes. This method is also used
to form SUV’s from MLV’s.
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| |

SONICATION METHOD FOR NIOSOME PREPARATION

Principle: Niosomes are prepared by hydrating a thin lipid film (surfactant + cholesterol} with an aqueous drug selution
followed by sonication. The ultrasound energy reduces the size of multilamellar vesicles and improves
uniformity by breaking them into small unilameliar niosomes.

Pruparation of Hydration with Presasication | Sarication Coaling | @ Eaitbrution ] ([ mmm;l
‘ 0 i fim. 2 oquo0us phase o {mild stirring) | o L4 e L
] — = | q
I ] :
( ) b = = g
\ / X
e 4 | / f j
= St % .4 o o |
+ Surfactem {Spen SU2) S -
X rlSemiricacid  + Pydte th thin b S Ao the depersin 10 preep— remarm—
dhacimd b o sltsshe with prw-warmed acpucs T — Gisparsonto sand tor noveml operson
anganc schant siase (dnag sy PETERAN 128 for eutbostion -
[rrr—— ke 4 7.4) b ord sabiianion
g dcyadatin and

+ Vohme of agemcis phaan

* Stow 4t & °C o can b
mantan veucls siabimg

o Trarafer to & reurd shoud b squsl 13 0 wnd for Rurther anidime
bottom fase and evrpceat N or beghitand
undecodadpros ke -
usig Btavap 1o bor 3
n, Vi i faep terrperature corersiled.

vl {on bt et
scmication) to wead
iy
SCUEMATIC REPRESENTATION NIOSOME STRUCTURE
= = == -~ . 0 spsspmcrns
| T = B f { £y tustactan)
N — | — - ,gl_P - — | — | =]
bd = 3 Bad) o=l | | P
* Sivele, rand ervd svproshrclie = e ey | i L U jawtactarm)
. : & 3 & /
LS escmatlaalaicc e s alpdhin  Hdwe g g Someatiod Coobrg Eodbaton  Niowordl @ Evappeidg
* Cor b puremed t sy s Prowest e st
FLOW CHART SUMMARY
[P Thn bt e | prscricain | [ smemor | [ o] [Cemtbmen | [ e
rgersc sohwt Rctavap) equen phee ek stirrng) (ProbmBathy ek nperden
Note: Sanacation saramaters [time, ampituds, e, teerparsture) and compostice affect vadidn 1e, P and ent-apment sicioncy.

5. Bubble method

This method has the advantage of preparing
niosomes in one step without the use of organic
solvent. In this method, all the vesicle forming
components were dispersed in aqueous solution of
drug and mixed for 15 sec using a high shear
homogenizer. This homogenous dispersion was

placed in a round bottom flask which had three
necks. First neck was water cooled reflex. Second
neck was thermometer to check the temperature
and third neck was to provide the nitrogen supply.
After homogenization the dispersion was
immediately bubbled using a continuous stream of
nitrogen gas bubbles giving niosomes, having
mean particle size between 0.2 and 0.5 um.

BUBBLE METHOD FOR NIOSOME PREPARATION

Principle: Niosomes are prepared by hydrating a thin lipid film

with an aqueous phase while bubbling an inert gas ‘

through the dispersion. The gas bubbles provide agitation for vesicle formation and the resultant

are coll d after allowing the disp to stand.
Pr sonof | Mydration with | Assembly of r R TS R |
\0 Kits |° b ‘ h:;"“”m_J © stunding O cotection ] [ @ iosoms disperion|
1 1 [—a
- S0 m
- / ; \ e ,
vl \ / \ [ L A IL )

( | w

/
= % = iy w24 |
; [ <=l
= & o\
* Surfactant (Span £0/20} -

+ Cholesterol/Stearic acel  + Hydrate the b film with

T; I 1

|
~

* Stop the gos flow and allow

disscbved in & suitable pee-wnrmed squecus phase  * Assemble the spperaturwith L e inart gas through + Collact the niosomal « Uniform iosomal
srganic sohent (drug solution/buffer 4 0o i tiba rpechleg riger the dispersion at » corstant the clspersion &5 stand dispersion carefully dspersion (s obtained
(3. horofonmancthencl I the bottom of the flask and P undisturbed at rocey without disturbing the . R
2wk an outlet o allow g5 e3C30€. 4 Contnue bubbling for tamparature for 1-2 h saclimee, i any. ore at 4 *C and can be
o Volme of agueous phase for coxmplets veside used for further studes
* Tranefor to u rourd battom * Irert gas uzed: Nitrogen [N,) 30-60 min,
should be equal to or formation and stebization e lyaphiized

Fask ard evaporate under then the igid o Argon. o The bubbls previde centle
redduceed priessurs {Rotarap) :n..:- agitation and promote
10 form n thin, uniform lipid vesicle formation
film on the sl

SALIENT FEATURES SCHEMATIC DIAGRAM OF BUBBLE APPARATUS NIDSOME STRUCTURE TYPICAL GAS FLOW RATE

‘ + Simple and economical method Outhat for s escape

Nitrogen (N, 20-50 mi/min

« No high sheor or zonication required Gas et | + Rubber A0pper "Y:“‘"‘“‘"‘“‘ (Adjustatlo depending on
" L i A% il b2 apparatus and scak)
o Suitabin for heat sensitve drugs AN BB
o Preduces multiumellar vesicies . e {ruachos near bottom) Wisaghotiic ) Bubbling time: 30-60 min
= S & ok =~ o Round bottorn flask U (morfactant)
o G flow rate affcts vesica size | | - " —_— .
perpeedicdal o et O Enapped dng Note: Excossive gas flow may
*  Magnetc stirer / (acueous cxe) cause lrge vesicles and
* Can be wasily scaled up Wiater bath foaming
J
FLOW CHART SUMMARY
Bubblng with
Updioheinin | Thibpidfim Hrotonwth || Awesdlebubie | 20000 Standng ) Miseomo
DrgINK satent {Rotavap) acpeous phae ADpaATS {-2N dapecson
13040 min|
Nate: Proces unristies lics gos type, flow rate. bubbing time, i componition, and fydration vahurre inflasnce vesice sza, POI and entrapment efficency.

6. Micro fluidization method
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In this method two fluidized streams were made to
interact at high velocities in micro channels within
an interaction chamber. Due to the effect of high

speed and energy small uniform uni-lamellar methods.

niosomes were formed. This was

known as

submerged jet principle which was found to have
better reproducibility as compared to other

MICROFLUIDIZATION METHOD FOR NIOSOME PREPARATION

Principle: Niosomes are prepared by passing a pre-formed coarse niosomal dispersion (or lipid mixture) through a microfluidizer

at very high pressure. The intense shear, turbulence and cavitation forces produced in the interaction chamber
reduce the vesicle size and produce uniform, small unilamellar niosomes.

|

Preparation of

lipid phase required)

J [9 Proparation of J [e Coarse niosome ] {o mﬁu..m..] [Q Mo iu =

aqueous phase formation (optional)

i

° Cooling (if [o

# S«r‘acum (Span 60/20) ¢/ Adusous phase (drug, * Hydrate the lipid film with 4 pass the coarse dispersion ~ * Pass the dispersion through e aise

Niosome
dispersion |

« Collect the nanosized

ic acid pH74) aqueous phase usin a microfluidizer interaction g 4 A o
a.mlnd in suitable prepared. o like hand srguung :’: : ":l::, r:‘:,::,, chamber at high pressure Behdiingprocsssig. njdsoail dperion:
organic solvent o é i or mild stirring. i (500-2000 bar / 50-200 MPa). or immediately after St arC andican e
(e.g., chloroform:methanol ° T eom e . Eak o * Multiple (3-10 cycles) processing to prevent d for further studic

% should be equal to or  This produces a coarse i snilsas b imbae s e heating. o "
21N more than the lipid multilamellar niosomal improve size reduction snd or lyophilized.
phase dispersion, uniformity.
+ Maintain product temperature
(low) using cooling system.
SALIENT FEATURES SCHEMATIC DIAGRAM OF MICROFLUIDIZER MECHANISM OF SIZE REDUCTION

* Produces small, uniform and

NIOSOME STRUCTURE

reproducible vesicles. T‘* — Hydrophilic head
«+ Narrow size distribution and high { — = ot (surfactant)
entrapment efficiency. . | Hydrophobic tail
« Scalable and suitable for industrial High pressure = - (surfactant)
y e 4 i
production. Prefiared | intensifor pump Jotersction charmber Nanosized
coarse niosomal o Entrapped drug
— © o M= nicsomal Pk 9
* No organic solvent in final product. dispersion e 2 : @ | dispersion (aqueous core)
2 e .} o — High shear, turbulence and cavitation forces
« Suitable for heat sensitive drugs [ X o break larger vesicles into small, uniform
(when cooling is used). -— “" niosomes
L ) - A

FLOW CHART SUMMARY

Microfluidization

Lipid solution in Hydration to obtain Pre-filtration Niosomal
€ 3 —>  (500-2000bar, | —% Cooling . DS
organic solvent coarse niosomes (optional) dispersion
3-10 cyclos)
Note: Processing pressure, number of cycles, and f ion influence vesicle size, PDI and entrapment efficiency.

7. Multiple membrane extrusion

using an aqueous solution of drug.
A mixture of surfactant, cholesterol and di-acetyl
phosphate was dissolved in chloroform after which

the solvent was evaporated using rotary evaporator passages giving niosomes.

MULTIPLE MEMBRANE EXTRUSION METHOD FOR NIOSOME PREPARATION

(or 0.08 pm) * Collect the extruded

* Hydrate the lipid film with
ed = Store the nanosized
 Sequentially extrude the dispersion
through membranes of decreasing
pore size (0.9, 0.4 jim, then 0.2 jim,

niotomal dispersion
atac

are first by a method (e.g., thin film hydration or sonication) to obtain a coarse
The di is then forced through polycarbonam membranes having defined pore sizes
using an extruder. through ing pore size reduces vesicle size,
size and yields i
— — = =
Preparation of Hydration of lipid | Coarse niosome ( Pro-extrusion (optional) Extrusion through decreasing (
(O] (0% ) (@zmma=] (@Irmmimr] (@mmimmar] (@ cwce ) (@ e
—_— = .
} - an  w o \ 1 4
< ord A e | L
== e precmmm—r g RN o i | &
s 9., 1.0 pm | 0.4pm — 0.2 um —» 0.1 pm _— o
T

eitamaior vesicles (LU

 This is the feed dispersion
for extrusion

* Can be used for further
studies or lyophilized.

then 0.1 um or 0.08 m)

+ 5-15 passes through each membrane
are recommended for unform size

SEQUENTIAL EXTRUSION THROUG)
DECREASING PORE SIZE MEMBRANES

SALIENT FEATURES NIOSOME STRUCTURE

+ Produces small, unorm, unilamellar
niosomes with narrow size distribution.

Fydrophine hass
+ High entrapment efficency. 1omm  G4m G2  (ec008um (rrfoctant)
* Reproducible and scalable beydrophobic tail
== (vurtoctant)
+ No use of organic solvents in final product.
+ Suitable for sanitive drugs. Ertranped drug
(squeous core)
Por and rumber of passes control s
vesicle size.

FLOW CHART SUMMARY

Extrusion through
pore size

Semce - @
— 0.2 pm —
0.1/0.08 . 515 wsc)
Note: Vesicle size. PDI and entrapment efficiency depend on membrane pore size, number of passes, & o, surfactant composition, and hydration volume.

leaving a thin film. This film was then hydrated

The suspension

formed was then extruded through polycarbonate
membrane which was placed in series for up to 8
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8. Transmembrane pH gradient technique

In this technique the surfactant and cholesterol
placed in a round bottom flask and dissolved using
an organic solvent such as chloroform. The solvent
evaporated under reduced pressure thereby leaving
a thin film on the walls of the flask. This film was
hydrated by vortex mixing using citric acid having
pH 4.0 which leads to the formation of multi
lamellar vesicles. These vesicles were then frozen
and thawed 3 times after which they were
subjected to sonication thus forming niosomal
suspension to which an aqueous solution of drug
was further added. The pH of the aqueous drug

sample was then increased to 7-7.5 using a base,
usually disodium hydrogen phosphate so that a pH
gradient created across the niosomal
membrane. In order to obtain niosomes this
mixture was heated for 10 minutes at 60°C. The

was

neutral pH gave mixture of protonated (membrane
impermeable) and un-protonated (membrane
permeable) forms of drug of which the un-
protonated form of the drug crossed the niosome
membrane and became protonated after entering
the acidic medium thus getting trapped into the
vesicle. This diffusion across the bilayer continued
until the interior and exterior concentrations of
drug attained equilibrium.

TRANSMEMBRANE pH GRADIENT TECHNIQUE FOR NIOSOME PREPARATION

A weak acid/weak base is trapped inside the vesicles in its ionized form, which cannot readily diffuse out,

Principle: Niosomes are formed in the presence of a transmembrane pH (ApH) gradient across the bilayer. ‘

thereby generating an osmotic gradient that promotes vesicle formation and drug entrapment.

Formation of
multilamellar vesicles
MLvs)

© Frrsionet

7 (i VN dration with
= | (0%

internal buffer (pH) PH gradient

Creation of trsnsmembrane

O ncusition

scle formation | (@) Sie reducton | () sacnerms ours
o:‘m«-m::m! ‘a;ﬂiow“)‘wﬂ © i dgerien|

Oc [
= '9 i
“()

nosmoticgradientis  (trough pohcarbonate
gonarated causing water e be

Key Components

warnal phase (pH): Acidic buffar
e PpH4-5)

inal product

9. Microfluidics Method

The microfluidics method is gaining interest as a
novel production technology for nanoparticles,
particularly niosomes. The 1idea of the
microfluidics method originated in 1947 and the
first use of microfluidic channels was in the 1990s.
The adoption of microfluidic technology also
occurred in the 1990s. The production of niosomes
can be carried out using microfluidics devices. It
consists of side channels alongside central
channels. Both the organic and aqueous phases are

;"J INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

Note: The magnitude of ApH,

Incubation
(30-60 min)

lipid composition influen

pumped in different channels under pressure at a
specific flow rate to an ice-filled interaction
chamber. The niosomes are usually collected from
the mixing channels using a glass vial. Uniform,
small size, and cholesterol-niosomes are produced
using this method. Based on Noelia et al. (2020),
the niosomes produced by the microfluidics
method are smaller in diameter compared to those
produced by the thin film hydration method. Other
advantages that can be observed when using the
microfluidics method are as follows: the control of
the input variables, minimal chemical usage, and
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the possibility of scaling up noisome production.
Microfluidics enables the controlled synthesis of
small and uniform niosomes through precisely
monitored flow rates of aqueous and organic
phases in microchannels. This technique is perfect
for generating vesicles with minimum dispersity in
size and cholesterol-free formulations, which are

important for targeting active drug delivery. The
flow rate ratio directly affects particle size and
stability. Recent developments have shown great
promise regarding the encapsulation of
biomolecules such as mRNA and siRNA, making
the technique highly relevant to gene therapy.

MICROFLUIDICS METHOD FOR NIOSOME PREPARATION

flow, rapid micromixing and controlled flow ratio in microchannels lead to self-assembly of niosomes with uniform size,

Principle: Niosomes are prepared by mixing lipid (surfactant + cholesterol) solution and aqueous phase in a microfluidic device. The laminar ‘

high encapsulation efficiency and excellent reproducibility.

| @ Preparation of | @ FPreparation of | © ‘Losdinginto ‘ O Microfuidic mixing © sett-assembly of ‘ © collection @ Furification © niosome
| lipid phase | aqueous phase | i i L icromixi | niosomes J (optional) dispersion
S - =
i 5 7 Upidphase K 2
forganic) =DFE ) / .y"‘-j —_—=>
/_{ N F’)ﬁ
Aqueous phase T \ex* 1
| ufor) = \&\,} . 9 | \
| ENSSSS . iy
- —_— s (S5 0
+ Propare aqueous buffer « The two phases meet at the junction meide the  + Spontancous sekfassembly + Collect the niosomal « Dislyzo againat suitable  + Obtain ctable niosoml
(pH 6-8) or drug sokution, fmicrochannel. of surfactant molecules dispersion from the BMAEAs romee ks Separsion,
i forms niosomes as the outlet.
« Add hydrophilic drug o Laminer flow and rapid micrombring oceur SIS Jof webiurst sl « Store at 4 °C for
W o) within millsoconds. solvent difusesiotothe » Ramove organic solvert  Unentrapped drug further uso.
Spiedis phase. by dialysin i required)
7 Y
SALIENT FEATURES SCHEMATIC DIAGRAM OF MICROFLUIDIC DEVICE MICROMIXING PRINCIPLE NIOSOME STRUCTURE
*+ Produces uniform, small sie niosomes o~ it 1 o o Rapid mi
with narrow size distribution. (organic) Micromixing  Mixing chamnel 6 10e at jun @  Hydrophilic head
— = ant
« High encapsulation efficiency. = — 3 (surfactant)
Aqueous phase e —— 3 )
« Roproducible and scalable. buffery S —t Hydrophobic tad
= (surfactant)

* Low organic soivent comsumption.

fed! size by adjusting
0 and total flow rate.

+ At low Reynolds number (Re << 1), flow is laminar.
« Diffusion dominates
* Very fast mixing (within milliseconds) laads to

@  Entrapped drug
o« turbulance. (aquoous core)

+ Solvent type and concontration controlied self-azsembly.
FLOW CHART SUMMARY
i T TR ) " : 5

Lipid phase Aqueous phase Loading into Microfluidic mixing Self-sssembly Collection & Niozome
preparation g preparation . syringes g (micromixing) | of niosomes ’ purification > dispersion
IMPORTANT PROCESS VARIABLES Benefits: High reproducibility, uniform size,
« Flow rate ratio (FRR): affects vesicle size * Microchannel geometry: width, depth, length + Temperature high encapsulation, scalable and green technology.
« Total flow rate (QT): affects mixing time and size + Lipid concentration and solvent type + pH and ionic strength

1.8 Major Active Marker Compound

Epigallocatechin gallate (EGCG) is considered
the principal active constituent.

Approximate concentration:

o 40-60% of total catechins.

EPIGALLOCATECHIN GALLATE (EGCG)
(C22H18011)

Chemical Structure

Chemical Name (2R,3R)-3,5,7-Tris(3,4,5-trihydroxyphenyl)-2-(3,4,5-

trihydroxybenzoyloxy)chroman-3-ol

Molecular Formula  Cy,H, 0y,

Molecular Weight ~ 458.37 g/mol

IUPAC Name (2R,3R)-5,7-Dihy, y-2-(3,4,5-tril 3-[(3,4,5-

trihydroxybenzoyl)oxylchroman-3-ol

Description

It is a powerful antioxidant with multiple h

Typical Properti

Properties / Uses

Appearance Pale yello

Solubility

Melting Point
pH (1 lution) ~5.0 - 6.0

Log P
Stability

Major catechin
in green tea

Storage

functional foods and pharmaceuticals

Applications it aocematio ging, ion, skin soothing)
. anti ), and functional foods & ges.
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1.8.1 Pharmacological Activities

Green tea possesses several pharmacological
properties:

e Antioxidant

e Anti-inflammatory

e Anti-photoaging

e Anti-wrinkle

e Anti-melanogenic

e Anti-acne

e Antimicrobial

e Anti-carcinogenic

e UV protective

e Blue-light protective
e Free radical scavenging
e Collagen protective
e Anti-aging

1.8.2 Mechanism of Action

Green tea polyphenols act through multiple
mechanisms:

e Scavenges reactive oxygen species (ROS)

e Inhibits lipid peroxidation

e Suppresses inflammatory cytokines

e Reduces oxidative stress

e Protects collagen and elastin

e Inhibits matrix metalloproteinases (MMP-1
and MMP-9)

e Activates endogenous antioxidant enzymes
such as superoxide dismutase (SOD) and
catalase.”

1.8.3 Role in Anti-Blue Light Cosmetics

Green tea protects skin from blue light exposure
by:

e Reducing intracellular ROS production
e Preventing oxidative DNA damage

e Protecting mitochondria

e Reducing inflammation

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

e Preventing premature aging
e Maintaining skin barrier integrity
e Decreasing melanin overproduction

1.8.4 Advantages in Niosomal Formulation

Green tea is suitable for niosomal delivery
because:

e Catechins have poor skin penetration in
conventional formulations.

e Niosomes
polyphenols.

e They enhance stability against oxidation.

e They provide sustained drug release.

e They improve skin penetration and retention.

e They reduce degradation of EGCG.

e They increase bioavailability.

improve  encapsulation  of

1.8.5 Therapeutic Uses

e Anti-aging creams

e Anti-wrinkle gels

e Sunscreens

e Anti-pigmentation products

e Acne formulations

e Skin-brightening cosmetics

e Wound healing formulations

e Antioxidant skincare

e Blue-light protection formulations

1.8.6 Storage
Store in:

o Well-closed, airtight container

e Cool, dry place

e Protected from direct sunlight and moisture
e Temperature below 25°C

1.8.7 Safety Profile
Green tea extract is generally considered safe for

topical use.
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Possible adverse effects:

e Mild skin irritation (rare)

e Allergic reactions in sensitive individuals

e Oxidation on prolonged exposure to air and
light if not properly formulated.

1.8.8 EGCG DETAILS

The major active constituent of green tea,
Epigallocatechin gallate (EGCQG), has

Property Value
Chemical name (—)-Epigallocatechin-3-gallate (EGCG)
Molecular formula C22H1s011
Empirical formula C22Hi1s0m

Molecular weight

458.37 g/mol

Drug

QGreen tea extract

Empirical formula

Not applicable (complex herbal extract)

Major active constituent

EGCG

Molecular/Empirical formula of EGCG

C22H18011

1.8.9 Mechanism of Action
EGCQG exerts its pharmacological effects by:

e Neutralizing free radicals through hydrogen
donation.

e Activating the Nrf2/ARE

pathway, increasing antioxidant enzymes such

as superoxide dismutase (SOD), catalase, and

antioxidant

glutathione peroxidase.

e Inhibiting the NF-kB signaling pathway,
thereby reducing inflammation.

e Suppressing metalloproteinases
(MMPs), which protects collagen and elastin
from degradation.

e Reducing lipid peroxidation and DNA damage
caused by oxidative stress.

e Modulating signaling pathways
MAPK, PI3K/Akt, and AMPK.

matrix

such as

Relevance to Anti-Blue Light Niosomal Gel
For a green tea-loaded niosomal gel, EGCG:

e Protects skin cells from blue light-induced
oxidative stress.

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

e Reduces intracellular ROS generation.

e Prevents premature skin aging and wrinkle
formation.

e Helps maintain collagen integrity.

e Reduces hyperpigmentation by decreasing
oxidative stress and inflammation.

e Enhances skin protection when delivered via
niosomes due to improved stability and
penetration.

1.9 EVALUATION PARAMETERS:
1. Drug content

Niosomal suspension equivalent to 10mg taken in
a volumetric flask of 100ml & volume was made
up by phosphate buffer pH 7.4, after that 1ml of
this mixture was diluted to 10ml by phosphate
buffer 7.4 & the % drug content was calculated or
observed at using UV spectrophotometer.

2. Drug Entrapment efficiency

Entrapment efficiency of niosomes was
determined by exhaustive dialysis method. The
measured quantity of niosomal suspension was
taken into a dialysis tube to which osmosis

5694 |Page



Shubham Singh Panwar, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 7, 5680-5699 | Review

cellulose membrane was securely attached on one
side.”” The dialysis tube was suspended in 100ml
phosphate buffer (pH 7.4), which was stirred on a
magnetic stirrer. The unentrapped drug was
separated from the niosomal suspension into the
medium through osmosis cellulose membrane. At
every hour entire medium (100ml) was replaced
with fresh medium (for about 4-5h) till the
absorbance reached a constant reading indicating
no drug is available in unentrapped form.>” The
niosomal suspension in the dialysis tube was
further lysed with propane-1-ol and estimated the
entrapped drug by UV spectrophotometric method
at 274nm. The entrapment efficiency was
calculated using following equation. Amount of
entrapped drug.

% Entrapment Efficiency = Total amount of Drug -Free amount of Drug_x100

Total amount of Drug

3. Zeta potential

The zeta potential is an essential parameter in the
characterization of the colloidal stability of
systems such as niosomes. It represents the
difference in electrical potential between the
particle surface and the diffuse layer of ions
surrounding it, known as the electric dual layer.
This potential, expressed in millivolts, indicates
the degree of electrostatic repulsion between
particles with similar surface charges. High values
(positive or negative) suggest greater stability, as
they decrease the probability of niosome
aggregation or flocculation, which is crucial for
maintaining their structural integrity and
functionality in pharmaceutical or biomedical
applications.

4. Polydispersity Index (PDI)

Polydispersity index (PDI) is a measure of
heterogeneity in particle size within a sample of

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

niosomes. This parameter is derived from DLS
analysis and provides information on the size
distribution present. A PDI close to 0 indicates a
monodispersed sample, while higher values (>0.3)
reflect greater variability in vesicle size. In
physicochemical terms, polydispersity can also be
interpreted as the ratio between average molecular
weight by mass (Mw) and average molecular
weight by number (Mn), indicating the structural
uniformity of the system in niosomal formulations,
a low PDI is desirable to ensure controlled and
reproducible release of the active ingredient.

S5.Fourier Transform Infrared Spectroscopy
(FTIR)

Fourier transform infrared spectroscopy (FTIR) is
auseful technique for structural characterization of
niosomes, especially for confirming the presence
of functional components such as surfactants,
cholesterol, and encapsulated drugs. This
technique operates in the infrared region of the
electromagnetic corresponding  to
wavelengths of 8 x 10-5 to 1 x 10-2 cm (energies
of 4.6 to 46 kJ/mol). By applying the Fourier
transform, a signal from the time domain is
converted into a representation in the frequency
domain, facilitating the identification of
characteristic bands of molecular vibrations. Only
vibrations that cause a change in the molecular
dipole moment are active in IR, allowing the
detection of specific functional groups present in

spectrum,

the nosomal formulation .
6. In Vitro Drug Release

It can be determine by membrane diffusion
technique. A dialysis sac is washed and soaked in
distilled water. The vesicle suspension is pipetted
into a bag and sealed. The bag containing the
vesicles is placed in 200ml of buffer solution with
constant shaking at 25 ¢ or 37 c. *°At various time
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intervals, the buffer is analyzed for the drug
content by an appropriate assay method.

7.Stability Studies

Optimized formulation preserved at refrigerated
temperature & room temperature for 30days. After
30days shape, % drug remaining & % entrapment
efficiency of vesicles were measured. The results
were compared with the initial shape, % drug
remaining & % entrapment efficiency of both
samples.

2.0 Conclusion:

The literature reviewed demonstrates that green
tea (Camellia sinensis) extract is a promising
natural ingredient for topical dermatological and
cosmeceutical applications due to its potent
antioxidant, anti-inflammatory,
photoprotective properties, primarily attributed to
catechins, especially epigallocatechin-3-gallate
(EGCG). These bioactive compounds effectively
oxygen species, reduce
oxidative stress, and protect skin cells from

and

neutralize reactive
environmental damage. However, the therapeutic
potential of green tea extract is limited by poor
physicochemical stability, susceptibility to
oxidation, and inadequate penetration through the
stratum Several studies have
demonstrated that niosomes, composed of non-
1onic surfactants, are effective vesicular carriers
capable of enhancing the stability, encapsulation
efficiency, controlled drug release, and skin
permeation of bioactive compounds. These
advantages make niosomes a promising delivery
system for improving the topical efficacy of herbal
extracts. Despite significant advances in niosomal
drug delivery, most studies have focused on
antioxidant activity, wound healing, or ultraviolet
(UV)-induced photodamage, whereas research
specifically targeting blue light-induced skin
Therefore, the

corncum.

damage remains limited.

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

development of a green tea extract-loaded
niosomal gel represents a promising approach to
improve topical delivery and provide enhanced
protection against blue light-induced oxidative
stress, inflammation, photoaging, and other
environmentally induced skin damage.

REFERENCES

1. ZhaoL, ChenJ, Bai B, Song G, Zhang J, Yu H,
Huang S, Wang Z, Lu G. Topical drug delivery
strategies for enhancing drug effectiveness by
skin barriers, drug delivery systems and
individualized dosing. Front
2024; 14:1333986.

2. Raina N, Rani R, Thakur VK, Gupta M. New
Insights in Topical Drug Delivery for Skin
Disorders: From a  Nanotechnological
Perspective. ACS Omega. 2023;8(22):19145—
67.

3. BritoS, BaekM, BinB-H. Skin Structure,
Physiology, and Pathology in Topical and
Transdermal Drug Delivery. Pharmaceutics.
2024;16(11):1403.

4. Bhuyan C, Saha D, Rabha B. IJ Pharm Res Int.
2021;33(47A):344-57.

5. Kolarsick PAJ, Kolarsick MA, Goodwin C.
Anatomy and physiology of the skin. In: James
WD, Berger TG, Elston DM, editors.
Andrews’ Diseases of the Skin: Clinical
Dermatology. 10th ed. Philadelphia: Elsevier
Saunders; 2006. p. 1-14.

6. Lotfollahi Z. The anatomy, physiology and
function of all skin layers and the impact of
ageing on the skin. Wound Practice and
Research. 2024; 32(1):6-10.

7. P.B. Patil, S.K. Datir, R.B. Saudagar. A
Review on topical gels as drug delivery
system, Journal Of Drug Delivery and
Therapeutics. 2019; 9(3): 989-94.

8. Oliveira R, Almeida IF. Patient-Centric
Design of Topical Dermatological Medicines.
Pharmaceuticals (Basel). 2023; 16(4): 617.

Pharmacol.

5696 | Page



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Shubham Singh Panwar, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 7, 5680-5699 | Review

Kelly BP. Superficial fungal infections.
Pediatrics in Review. 2012 Apr; 33(4): e22—
e37.

Rathore R, Gupta RD. Topical gel: a review.
Int J Pharm Res Rev. 2013;2(8):18-27.
Yudaev P, Mezhuev Y, Chistyakov E.
Nanoparticle-Containing Wound Dressing:
Antimicrobial and Healing Effects. Gels.
2022;8(6):329.

Katiyar SK. Green tea prevents non-melanoma
skin cancer by enhancing DNA repair. Arch
Biochem Biophys. 2011;508(2):152-58.
Oyetakin-White P, Tribout H, Baron E.
Protective mechanisms of green tea
polyphenols in skin. Oxid Med Cell Longev.
2012;2012:560682.

Camouse MM, Topical application of green
and white tea extracts provides protection from
solar-simulated  ultraviolet  light.
Dermatol. 2009;18(6):522-26.

Zheng XQ, Zhang XH, Gao HQ, Huang LY,
Ye JJ, Ye JH, Green tea catechins and skin
health. Antioxidants. 2024;13(12):1506.
Moghassemi S, Hadjizadeh A. Nano-niosomes
as nanoscale drug delivery systems: An
illustrated review. J Control
2014;185:22-36.

Agbaje KO, Adesina SK, Adebayo AS.
Development and  characterization  of
optimized drug-loaded niosomes for delivery
of 5-fluorouracil and
Pharmaceutics. 2025;17(7):900.
Baillie AJ, Florence AT, Hume LR, Muirhead
GT, Rogerson A. The preparation and
properties of niosomes. J Pharm Pharmacol.
1985;37:863-68.

Kazi KM, Mandal AS, Biswas N, Niosome: A
future of targeted drug delivery systems. J Adv
Pharm Technol Res. 2010;1(4):374-80.
Draelos ZD. Cosmetic Dermatology: Products
and Procedures. 3rd ed. Hoboken (NJ): Wiley-
Blackwell; 2021.

Exp

Release.

irinotecan.

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Mosmann T. Rapid colorimetric assay for
cellular growth and survival: Application to
proliferation and cytotoxicity assays. J
Immunol Methods. 1983;65(1-2):55-63.
Ohkawa H, Ohishi N, Yagi K. Assay for lipid
peroxides in animal tissues by thiobarbituric
acid reaction. Anal Biochem. 1979;95(2):351-
58.

Ellman GL. Tissue sulthydryl groups. Arch
Biochem Biophys. 1959;82(1):70-77.
International Council for Harmonisation of
Technical Requirements for Pharmaceuticals
for Human Use (ICH). ICH Q1A(R2): Stability
Testing of New Drug Substances and Products.
Geneva: ICH; 2003.

International Council for Harmonisation of
Technical Requirements for Pharmaceuticals
for Human Use (ICH). ICH Q2(R2):
Validation of Analytical Procedures. Geneva:
ICH; 2023.

Organisation for Economic Co-operation and
Development (OECD). OECD Test Guideline
439: In Vitro Skin Irritation. Paris: OECD
Publishing; 2021.

Li Y, Niosomal nanocarriers for enhanced
dermal delivery of epigallocatechin gallate for
protection against oxidative stress of the skin.
Pharmaceutics. 2022;14:865.

Chen MC, Nanoencapsulation of tea catechins
for enhancing skin absorption and therapeutic
efficacy. AAPS PharmSciTech. 2022;23:204.
Friedman M. Overview of antibacterial,
antitoxin, antiviral, and antifungal activities of
tea flavonoids and teas. Mol Nutr Food Res.
2007;51(1):116-34.

Katiyar SK, Elmets CA. Green tea
polyphenolic antioxidants and skin
photoprotection. Int J Oncol.

2001;18(6):1307-13.
Katiyar SK. Skin photoprotection by green tea:
Antioxidant and immunomodulatory effects.

5697 |Page



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Shubham Singh Panwar, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 7, 5680-5699 | Review

Curr Drug Targets Immune Endocr Metabol
Disord. 2003;3(3):234-42.

Allen TM, Cullis PR. Liposomal drug delivery
systems: From concept to clinical applications.
Adv Drug Deliv Rev. 2013;65(1):36-48.
Torchilin VP. Recent advances with liposomes
as pharmaceutical carriers. Nat Rev Drug
Discov. 2005;4(2):145-60.

Verma DD, Particle size of liposomes
influences dermal delivery of substances into
skin. Int J Pharm. 2003;258(1-2):141-51.
Honeywell-Nguyen PL, Bouwstra JA.
Vesicles as a tool for transdermal and dermal
delivery. Drug Discov Today Technol.
2005;2(1):67-74.

Patel RP,An overview of niosomes as
vesicular drug delivery systems. Int J Pharm
Sci Nanotechnol. 2009;2(1):440-49.
Shahiwala A, Misra A. Studies in topical
application  of  niosomally  entrapped
nimesulide. J  Pharm  Pharm  Sci.
2002;5(3):220-25.

Manosroi A, Characterization of vesicles
prepared with various nonionic surfactants.
Colloids Surf B Biointerfaces. 2003;30(1-
2):129-38.

Yadav K ,Niosomes: A review on niosomal
research in the last decade. J Drug Deliv Sci
Technol. 2022:;76:103756.
Fang JY,Development of topical
nanoparticles for skin delivery. Curr Nanosci.
2008;4(3):237-52.

Benson HAE. Transfersomes for transdermal
drug delivery. Expert Opin Drug Deliv.
2006;3(6):727-37.

Mukherjee PK,Lipid-based nanocarriers for
skin  delivery. J  Control
2009;138(2):71-79.

Barry BW. Novel mechanisms and devices to
enable successful transdermal drug delivery.
Eur J Pharm Sci. 2001;14(2):101-14.

lipid

Release.

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Williams AC, Barry BW. Penetration
enhancers. Adv Drug Deliv Rev. 2012;64:128-
37.

Pinnell SR. Cutaneous photodamage,
oxidative stress and topical antioxidant
protection. J Am  Acad  Dermatol.

2003;48(1):1-19.

Burke KE. Mechanisms of aging and
development: A new understanding of
environmental damage to the skin and
prevention with topical antioxidants. Mech
Ageing Dev. 2018;172:123-30.

Afaq F, Mukhtar H. Botanical antioxidants in
the prevention of photocarcinogenesis and
photoaging. Exp Dermatol. 2006;15(9):678-
84.

Nichols JA, Katiyar SK. Skin photoprotection
by natural polyphenols. Arch Dermatol Res.
2010;302(2):71-83.

Kora¢ RR, Khambholja KM. Potential of herbs
in skin protection from ultraviolet radiation.
Pharmacogn Rev. 2011;5(10):164-73.
D'Orazio J, UV radiation and the skin. Int J
Mol Sci. 2013;14(6):12222-48.

Poon F, Kang S, Chien AL. Mechanisms and
treatments of photoaging. Photodermatol
Photoimmunol Photomed. 2015;31(2):65-74.
Pullar JM, Carr AC, Vissers MCM. The roles
of vitamin C 1in skin health. Nutrients.
2017;9(8):866.

Thiele JJ, Ekanayake-Mudiyanselage S.
Vitamin E in human skin: Organ-specific
physiology and considerations for topical
application. Mol Aspects Med. 2007;28(5-
6):646-67.

Draelos ZD. The science behind skin care:
Moisturizers. J
2018;17(2):138-44.
Bissett DL, et al. Topical niacinamide reduces
skin aging and improves barrier function.
Dermatol Surg. 2005;31(7 Pt 2):860-65

Cosmet Dermatol.

5698 | Page



Shubham Singh Panwar, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 7, 5680-5699 | Review

56. Sakthivel M, Kannan K, Manavalan R,
Senthamarai R. Formulation and in vitro
evaluation of  niosomes containing
oxcarbazepine. Int J Pharm Pharm Sci.
2012;4(3):563-67.

57. Sundaresan P, Sravanthi C, Gowtham T.
Evaluation of aceclofenac niosomes prepared
by various techniques. Int J Pharm Sci Rev
Res. 2012;16(1):75

HOW TO CITE: Darakshan Bhat,Deepika M. , Sanmitha
S., Saranya M., Shubham Singh Panwar* , Anju K. P.,
Green Tea Niosomal Gel: An Approach For Protection
Against Blue Light-Induced Skin Damage, Int. J. of
Pharm. Sci.,, 2026, Vol 4, Issue 7, 5680-5699.
https://doi.org/ 10.5281/zenodo.21685739

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES 5699 |Page




