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Introduction
Atopic dermatitis (AD) is the most critical chronic 
inflammatory skin disease, which causes scarring, rough 
skin, debris, itching, and swelling. Furthermore, physical 
symptoms, including mood disorders, behavioral 
problems, and an enhanced risk of depression, are 
associated with AD. Globally, AD often escalates in 
developing nations and can manifest at any stage of life, 
typically emerging during both childhood and adulthood. 

The reasons for AD are complex and multifactorial, 
and this chronic inflammatory skin disease affects both 
adults (2-10% approx.) and children (15-30% approx.).1-3 
According to the Global Burden of Disease (GBD) 2021, 
approximately 129 million individuals affected from AD, 
making it the skin disease with the highest burden.4

The ability of CD4 + T helper lymphocyte cells to produce 
type-2 cytokines is quintessential in the underlying 
pathophysiology of AD. In particular, interleukin 17 
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ARTICLE INFO Abstract
Background: Atopic dermatitis (AD) is a chronic inflammatory skin disorder characterized by 
itching, scarring, dryness, swelling, and impaired skin barrier function. Multiconstituents-based 
novel vesicular phytoformulations are gaining significant attention due to their natural bioactives, 
excellent safety profile, and improved therapeutic activities compared to unformulated herbal 
drugs and conventional formulations. The study aimed to evaluate the potential of topical 
phytosome gel with a standardized n-hexane extract of the flowering buds of Mesua ferrea Linn. 
(SMf) for AD.
Methods: The SMf-loaded phytosome was formulated using various proportions of soya lecithin 
and cholesterol. It was characterized for zeta potential, vesicle size, polydispersity index (PDI), 
percentage of loading capacity, entrapment efficiency, and morphology by high-resolution 
transmission electron microscopy (HR-TEM). Subsequently, SMf-loaded phytosome was 
converted into gel and accessed for the organoleptic properties, pH, viscosity, spreadability, 
homogeneity, extrudability, syneresis, drug content, stability, ex-vivo skin permeability, drug-
excipient compatibility, and therapeutic activity against AD in 1-chloro-2,4-dinitrobenzene 
(DNCB)-induced BALB/c female mice. 
Results: The optimized phytosome formulation demonstrated the highest entrapment efficiency, 
drug loading, highest yield (%), low vesicle size, high zeta potential, and lowest PDI value. 
The phytosome gel (G-1.0) showed improved pharmaceutical properties compared to the 
extract-loaded plain gel formulations. The attenuated total reflectance-Fourier transform infrared 
spectroscopy (ATR-FTIR) study showed excellent drug-excipient compatibility. The G-1.0 gel 
demonstrated excellent pharmaceutical outcomes with significantly improved ex-vivo skin 
permeability, steady-state flux, permeability coefficient, and enhancement ratio compared 
to extract-loaded plain gel. Additionally, the G-1.0 gel was found non-irritant when applied 
topically in BALB/c female mice. The G-1.0 showed significantly higher therapeutic activity 
against AD in DNCB-induced BALB/c female mice than the extract-loaded plain gel. 
Conclusion: The overall outcome reflected the ability of SMf-loaded phytosome gel to be a novel 
nanovesicular topical drug delivery system for the possible treatment of AD. However, further 
clinical studies are necessary to investigate the fate of the novel formulation for an effective AD 
treatment.
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and 22 primarily exacerbate skin barrier disruption, 
allergy, and chronic inflammation.5 AD treatment is 
mainly related to suppressing inflammation, decreasing 
itching, and resetting the skin barrier. This is achieved 
through both non-pharmacological and pharmacological 
approaches, primarily involving moisturizers and 
emollients that enhance the skin’s barrier function and 
hydration.6 While topical corticosteroids and emollients 
are commonly used, and their before long-term use can 
lead to adverse effects and inadequate symptom control.7

To address these limitations, there is a growing interest 
in herbal medicines due to their broad therapeutic 
potential and lower toxicity profiles. Since medieval times, 
herbal drugs have been utilized to treat various illnesses 
under local and regional healing due to their lower toxicity 
and being more environmentally friendly. In Southeast 
Asia and India, herbal products are widely accepted as 
part of traditional therapy, while they are considered 
supplementary and alternative therapies in other regions. 
In addition, they are regarded as nutraceuticals or dietary 
supplements practically everywhere.8 

One of the large evergreen tropical trees, Mesua ferrea 
Linn. (Family: Calophyllaceae), is found across the 
tropical nations, including India, China, New Guinea, 
Burma, Thailand, the eastern Himalayan region, South 
Konkan, and North Canara. This medicinal plant, 
particularly the flowering buds, elicits anti-inflammatory, 
antioxidant, immune-modulatory, anti-spasmodic, anti-
ulcer, hepatoprotective, analgesic, anti-arthritic, anti-
microbial, anti-venom, CNS depressing, and anticancer 
properties.9,10

Despite the broad utility of herbal medicaments, 
considerable limitations exist in the traditional herbal 
drug delivery system. The larger molecular size, chemical 
complexity, and poor lipid solubility make them 
inefficient for various therapeutic uses.11 Developing an 
effective novel drug delivery system (NDDS) has gained 
increasing attention recently. Suitable novel carriers 
could deliver the drug with controlled release during 
treatment, target the drug to the desired site of action, 
and ultimately produce the required therapeutic effect.12 

Several nanocarrier systems have been investigated for 
treating AD because they offer enhanced skin penetration 
and retention. These systems can load hydrophobic and 
hydrophilic compounds, have better safety profiles, and 
allow for lower doses with fewer adverse effects. Various 
properties, such as the nanocarrier’s size, shape, and type 
of vehicle, can influence its ability to penetrate the stratum 
corneum during topical administration. 6 Phytosome 
is one of the NDDS of plant extracts developed by an 
Italian company, Indena, for multiple therapeutic uses 
through various routes, including topical applications.11,13 
It offers enhanced skin penetration and improved 
therapeutic outcomes owing to their nanostructure.14 
Further, the phospholipid of phytosome has low inherent 
toxicity, is non-immunogenic, biocompatible, and 
biodegradable.15 Several vesicular drug delivery systems, 

including phytosome, ethosome, liposome, niosome, 
and transfersome, have been established for the loading 
of phytoconstituents (curcumin, lawsone, apigenin, 
capsaicin, paeonol) and standardized extracts (Carum 
carvi, Terminalia chebula) for various therapeutic 
purposes. These vesicular formulations represented 
superior therapeutic activity to plain phytoconstituents 
and standardized extracts by increasing solubility, 
permeability, absorption, and bioavailability. These 
vesicles are also widely exploited for topical and 
transdermal drug delivery with improved therapeutic 
efficacy.16-18 

Among the various vesicular nanoformulations, 
phytosomes are recognized as a promising option for 
delivering herbal drugs with enhanced therapeutic efficacy. 
The phytosomes are composed of phospholipids and 
plant extract, where the phytoconstituents are complexed 
with phospholipid. In contrast, niosomes are composed of 
non-ionic surfactants, ethosomes comprise phospholipid 
and ethanol, transferosomes comprise phospholipid and 
edge activators/surfactants, and liposomes are prepared 
from phospholipid and cholesterol, which contain herbal 
drugs in their core or phospholipid bilayer. Various plant 
extracts (milk thistle, green tea, Ginkgo biloba, grape 
seed, ginseng, and hawthorn) in phytosome form have 
demonstrated more therapeutic efficacy compared to 
liposomes.14,19 Phytosomes can penetrate skin barriers, 
making them efficient carriers for topical delivery of herbal 
drugs. By improving the bioavailability and absorption of 
compounds, they have broadened their clinical uses. In 
skincare formulations, phytosomes demonstrate greater 
efficacy compared to liposomes.20,21

Recent research reported that olive oil with a phytosomal 
nanocarrier of quercetin enhances skin permeability. 
The phytosomal nanocarrier was prepared by a solvent 
evaporation/anti-solvent precipitation technique and 
optimized using a Box-Behnken design. The formulation 
showed significantly higher skin permeation of quercetin 
compared to an olive-oil/surfactant-free formulation 
and the control.22 In another study, a phytosomal gel of 
aloe vera extract was studied for topical drug delivery. A 
22-factorial design was used to develop and statistically 
optimize the formulation concerning vesicular size and 
entrapment efficiency. The optimized phytosome was 
loaded into carbopol 934 to develop a phytosomal gel. The 
phytosomal gel showed significantly higher permeation 
and flux profile compared to the conventional aloe vera 
extract gel.8 This study aimed to develop and evaluate 
a phytosome gel of standardized n-hexane extract of 
Mesua ferrea Linn. flowering buds for enhanced topical 
delivery against AD. The phytosome was formulated by 
the thin-film hydration method using soya phospholipid 
and cholesterol. The optimized phytosome demonstrated 
high loading capacity (% LC), entrapment efficiency (% 
EE), zeta potential (ZP), a small average vesicle size (Zavg), 
and a low polydispersity index (PDI). This optimized 
phytosome was then incorporated into a gel and evaluated 
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for various properties, including organoleptic properties, 
homogeneity, viscosity, pH, extrudability, spreadability, 
syneresis, drug content, ex-vivo skin permeability, drug-
excipient compatibility, stability study and therapeutic 
activity against AD in 1-chloro-2,4-dinitrobenzene 
(DNCB)-induced BALB/c female mice.

Materials and Methods 
Materials
Flowering buds of Mesua ferrea Linn. were collected from 
West Bengal, India. Standard β-sitosterol (MP: 136-140 
°C, MW: 414,71g/mol) was procured from Sigma-Aldrich 
(MO, USA). The soya lecithin (30%), cholesterol extra 
pure AR (99%), DNCB (99%), and carbopol 934 extra 
pure were obtained from Sisco Research Laboratories 
Pvt. Ltd. (Mumbai, India). Analytical-grade solvents 
were employed in the experiments without subsequent 
purification or distillation.

Methods
Preliminary studies of flowering buds of Mesua ferrea Linn.
The flowering buds of the medicinal plant Mesua ferrea 
Linn were collected from the University of North Bengal 
in India, and the plant was authenticated at Griffin’s 
Herbarium (Voucher specimen no. Calophylla. 2021/1) 
by Prof. N.K. Dubey, at Centre of Advanced Study in 
Botany, Institute of Science, Banaras Hindu University, 
Varanasi 221005. Various quality measurements were 
conducted on the powder sample of Mesua ferrea Linn. 
flowering buds, including bulk density, tapped density, 
Hausner ratio, angle of repose, and Carr’s index. For 
physicochemical evaluations, the foaming index, ash 
values, swelling index, and loss on drying were assessed. 
Extracts were obtained through the maceration method, 
utilizing solvents ranging from low-polar to high-polar. 
Additionally, primary phytochemical screening was 
performed, which included tests for glycosides, flavonoids, 
alkaloids, tannins, steroids, and carbohydrates.23

A solvent system ratio (6:2:0.1) v/v of toluene, ethyl 
acetate, and acetic acid was developed for high performance 
thin layer chromatography (HPTLC) analysis at 254 nm, 
using the reference β-sitosterol having an Rf value of 0.83. 
A validated HPTLC method enabled the quantitative 
estimation of β-sitosterol. The standard curve was 
generated using various concentrations of β-sitosterol 
found in SMf. The analytical process included supporting 
studies on the limit of quantification, specificity, limit of 
detection, accuracy, recovery, and precision, all of which 
validated the methods used. Additionally, a well diffusion 
method was employed for antimicrobial investigation, and 
the minimum inhibitory concentration was subsequently 
determined.24

Formulation and development of phytosome 
SMf-loaded phytosomes were prepared using the thin 
film hydration method. The required amount of SMf, 
soya lecithin, and cholesterol at various ratios (1:1:0.25; 

1:2:0.25; 1:3:0.25) was mixed with 30 mL of chloroform in 
a 100 mL round bottom flask and sonicated for 25 minutes 
to achieve molecular interaction with formulation 
components and accomplish solubilization. The organic 
solvent was removed through a rotary vacuum evaporator 
at 60 °C with 75 rpm until a uniform thin film was formed 
on the flask walls and hydrated with phosphate-buffered 
saline (pH 7.4) overnight to produce phytosome vesicles. 
The phytosome was sonicated by a probe sonicator 
(Hielscher ultrasound technology, Germany) at 60% 
amplitude with one cycle (at an interval of 60 seconds) 
to reduce the vesicular size. Then, the phytosome 
formulations (P1, P2, and P3) were stored in glass vials 
and protected from light. The placebo phytosome (P0) 
without SMf was formulated for comparison purposes.

Evaluation of phytosome 
Zeta potential, hydrodynamic vesicle size, and polydispersity 
index 
The dynamic light scattering (DLS) instrument (Malvern 
Zetasizer Pro, UK) was used to measure the PDI, Zavg, 
and ZP at 25°C. The Zavg and PDI were measured using 
a polystyrene cuvette, where the zeta potential was 
measured using a universal dip cell with water as a 
dispersion medium.

Yield, entrapment efficiency, and loading capacity 
The percentage yield of the phyto-phospholipid complex 
(phytosome) was calculated by equation 1, and the 
percentage of LC and EE with respect to β-sitosterol 
was measured by the validated HPTLC method. 
Centrifugation was used to separate the free drug from 
the supernatant at 20 000 rpm at 4 °C for 60 min using 
a high-speed refrigerated centrifuge (Hermle, Z 32 HK, 
Sayreville, New Jersey, USA). The quantity of β-sitosterol 
in the supernatant was calculated using HPTLC at 254 nm. 
Equations 2 and 3 were used to determine the percentage 
of EE and LC, respectively. 

Amount of phyto phospholipid complex obtained % Yield 100
Total amount of SMf and excipients taken

−
= ×      (1)

Amount of encapsulated sitosterol % EE 100
Total amount of sitosterol in the used SMf

β
β

−
= ×

−
     (2)

Amount of encapsulated phytoconstituent% LC 100
Total amount of excipients used

= ×         (3)

High-resolution transmission electron microscopy (HR-
TEM)
The vesicular morphology of optimized phytosome (P3) 
was examined by the HR-TEM (TECNAI G2 F20 TWIN, 
FEI, USA) with an HAADF detector. The P3 was diluted 
with type-1 water, sonicated for 5 min, and 15 μL of the 
sample was dropped onto a carbon-coated copper grid 
(Ted Pella, mesh size: 300, diameter: 3.05 mm), then 
dried overnight and subjected to the instrument for 
morphology analysis. The photomicrograph was analyzed 
using ImageJ software (version 1.53e) to measure vesicle 
size and distribution.
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Formulation of phytosome-loaded nanovesicular gel
P3 (containing 300 mg of SMf) was loaded into carbopol 
934 based gel of three distinct concentrations (0.5 % 
w/v, 1.0% w/v, and 1.5% w/v) and a few (2 drops) of 
triethanolamine (TEA) were added to maintain the pH 
and continuously stirred to produce a uniform gel. SMf-
loaded plain gel (G-SMf) and placebo gel (G-placebo: 
with placebo phytosome) containing 1% w/v of carbopol 
934 were prepared for comparison. The composition 
of various phytosome gels is represented in Table 1. 
The formulations were placed in screw-capped glass 
containers for further evaluation.

Characterization of phytosome-loaded gel
Organoleptic properties, pH, homogeneity, and viscosity
The appearance and color were examined through 
the naked eye.25 A calibrated digital pH meter (Eutech 
Instrument, P700) was used to measure the pH of each 
gel at room temperature. The appearance, presence of 
any aggregates, and homogeneity were assessed through 
visual examination. The viscosity of each gel formulation 
was measured by the Brookfield viscometer (LVT Model) 
with spindle No. 64 at 12 rpm at 25 °C.26

Extrudability and spreadability
For the extrudability study, the weight in grams required 
to extrude a 0.5 cm ribbon of gel in 10 seconds from a 
collapsible tube was measured. To assess the spreading 
ability of the gel, 500 mg of gel was placed inside a 1 cm 
diameter circle previously marked on a 3 mm thick glass 
plate. A second glass plate was then placed on top, along 
with a 500 g weight, for five minutes. The spreadability of 
the gel was evaluated by measuring a minimum of three 
diameters of the spread area for each formulation.26,27

Syneresis
This test involved placing gels in a cylindrical centrifuge 
tube and determining the initial weight (M1). The tubes 
were centrifuged for 15 minutes at 5000 rpm, and the 
released (free) water was thrown away and re-weighed 
(M2). Equation 4 was used to determine the syneresis.28

( ) ( )M1 M2
% Syneresis 100                                             4

M1
−

= ×

Drug content determination
The drug content of SMf was determined through the 
validated HPTLC method. Each gel (300 mg) was diluted 
with 5 mL methanol, sonicated, vortexed, and centrifuged 
at 5000 rpm for 15 minutes. Finally, the content of 
β-sitosterol was determined via validated HPTLC.25

Compatibility study through attenuated total reflectance-
Fourier transform infrared spectroscopy (ATR-FTIR)
FTIR spectroscopic analysis was used to study drug-
excipient compatibility. ATR-FTIR spectroscopy (Bruker 
Alpha II, Bruker Optics, Ettlingen, Germany) records the 
vibrational spectra of phytosomes, individual ingredients, 
and their physical mixture. Before the ATR-FTIR analysis, 
the gels were freeze-dried for 12 hours to prevent the 
dominant broad peak of water.

Ex-vivo skin permeability study 
The ex-vivo skin permeability studies of phytosome gel 
were carried out as per the previous protocol.29,30 In detail, 
the vertical Franz diffusion cell (50 mL and diameter 
2.5 cm) was used for the ex-vivo permeability tests. The 
goatskin (thickness 0.4 mm) was procured from the 
slaughterhouse. The sticky, fatty material of the skin was 
eliminated using a cotton swab and isopropyl alcohol. 
The skin was preserved at -20°C in aluminium foil until 
required. The goatskin was attached between the donor 
and receptor compartments. Phosphate buffer (pH 7.4) 
with Tween 80 (0.5%) was used as a diffusion medium. To 
prevent microbial development, sodium azide (0.0025% 
w/v) was added to the medium. The medium was stirred 
by magnetic stirrers at 150 rpm and maintained at 37 ± 0.2 
°C. One gram of extract-loaded plain gel (G-plain) and the 
equivalent amount of phytosome gel (G-1.0) were applied 
to the goat skin. Intermittently, 1 mL of the sample was 
taken out and replaced with an equal amount of diffusion 
media at 0, 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 14,18, and 24 
h to maintain the sink condition. Then the samples are 
diluted with methanol, centrifuged, and filtered with a 
0.22 µm membrane filter. The supernatant was used to 
quantify the drug using the validated HPTLC method. 
The cumulative amount of β-sitosterol permeation over 
a unit area at a predetermined time is calculated by the 
following equation 5.31

Table 1. Composition of SMf loaded-phytosome gel, SMf loaded-plain gel, and placebo gel.

Gel Formulation 
Code

300 mg SMf loaded 
optimized P3 (mL)

Plain Phytosome 
(mL)

Carbopol-934 (mg)
Triethanolamine

drops
SMf (mg) Distilled Water (mL)

G-0.5 20 - 125 2 - 5

G-1.0 20 - 250 2 - 5

G-1.5 20 - 375 2 - 5

G-SMf - - 250 2 300 25

G-placebo - 20 250 2 - 5

Note. The (-) sign indicates the absence of ingredients, G-0.5 (0.5 % w/v phytosome gel), G-1.0 (1.0 % w/v phytosome gel), and G-1.5 (1.5% w/v phytosome gel), 
G-SMf (SMf loaded 1.0% w/v plain gel), and G-placebo (Placebo phytosome-loaded 1.0% w/v gel)
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( ) ( )
1

1 1X  Cumulative amount Qi                         5
i

i icV C Vi
A

−
−+ Σ

=

Where [Qi] - the cumulative amount of drug, [A] - 
diffusional area (4.908 cm2); [V] - the volume of the 
receptor medium (50 mL); [Ci] - drug concentration 
at a predetermined time [i] in receptor medium; [Vi] 
represents the volume after each sampling time; [ 1

1 1
i

iC−
−Σ

] a total of the previously measured concentrations. The 
permeability coefficient (kp) was calculated by equation 6. 

Permeability coefficient (kp) = (dQ/dt)/ACd 	 (6)

Where A is the diffusion area, Cd is the drug 
concentration in the donor compartment, and dQ/dt is 
the slope from the penetration study. The slope of the 
linear region of the graph was divided by the surface area 
of the diffusion cell to determine the drug permeation rate 
(flux) in a steady state (Jss). The equation is (dQ/dt)/A, 
where A is the diffusion area, and dQ/dt slope, and the 
enhancement ratio (Er) was measured by equation 7.32,33

( )
( ) ( )Drug permeation rate flux  of phytosome gel

Enhancement ratio                  7
Drug permeation rate flux  of control gel

=

Heating–cooling cycles stability study
The heating–cooling cycles stability study was 
accomplished as per the reported methods by Tunit et al34 
with slight modifications. The phytosome was evaluated 
for physical appearance, zeta potential, vesicle size, and 
PDI. The optimized phytosome-loaded gel was evaluated 
through physical appearance and liquid loss measurement 
(syneresis). This study was performed with three cycles 
at 2 °C and 45 °C. The stability study of phytosome and 
phytosome gel was evaluated by calculating each value at 
the end of each cycle.

Animal study 
Experimental animals
Seven-week-old female BALB/c mice (20 ± 2.015 g body 
weight) were kept in standard cages at 20 °C to 24 °C, 
50 to 60% relative humidity, with a 12-hour light and 
dark cycle, with food and water ad libitum. The studies 
were carried out with the necessary approval from the 
Deshpande Laboratories Pvt. Ltd. (An ISO 9001:2008 
Certified Drug Testing Laboratory CPCSEA), with 
number 1582/PO/Re/S/11/CPCSEA, Date. 31.01.2023, 
and by the recommendations of the CPCSEA. Further, the 
study was conducted in conformity with the guidelines of 
animal research: reporting of in vivo experiments.35

Acute toxicity and irritation study on skin 
Acute dermal toxicity and skin irritation studies were 
performed according to the Organization for Economic 
Co-operation and Development (OECD) guideline 402.36 
The mice were housed separately to prevent other animals’ 
ingestion of the test sample. Before topical treatment, the 
hair was removed from 10% of the total body surface area 

from the dorsal side of BALB/c mice. The SMf was slightly 
wet with distilled water to improve contact with the skin. 
The SMf was applied topically as a very thin layer at 100 
and 200 mg/kg doses. The control group represents the 
animals administered topically with distilled water. A 
porous gauze dressing was used to ensure the 24h skin 
retention of SMf and avoid animal self-ingestion.

Animals were monitored after dosing at least once within 
the first 30 minutes and several times during the first 24 
hours. Observations continued daily for the following 14 
days, with special attention given to the initial 2 to 6 hours 
after the start of the exposure period. After 24 hours, 
the substance was removed, and the treatment site was 
carefully examined at 24, 48, and 72 hours for any signs 
of redness, dryness, irritation, swelling, inflammation, or 
other abnormalities.

The Draize patch test was performed to evaluate the 
skin irritancy property of the phytosome gel on the female 
BALB/c mice. The G-1.0 (equivalent to 300 mg/kg of SMf) 
was applied uniformly to the shaved dorsal side of four 
BALB/c mice and covered by a gauze dressing to avoid 
self-ingestion. The control group comprised mice with 
shaved skin but without any topical application. After 
24 hours, the gel was precisely removed, and the skin 
surface was examined for signs of erythema and edema. 
The observed responses were documented as the primary 
irritation index (PII).37

Induction of atopic dermatitis and efficacy evaluation
The induction of AD was carried out as per the previous 
protocol with minute modifications.38 For the induction 
of AD, the dorsal side of the skin and right ears of BALB/c 
female mice (7 weeks old, weighing 19 ± 2.015 g) were 
sensitized with DNCB. An electric clipper removed the 
hair from the dorsal side. Except for the normal control 
group, the remaining mice were sensitized with 200 μL 
and 30 μL 1% DNCB solubilized in a mixture of olive oil- 
acetone solution (1:3 v/v) on their back skin and right 
ears, respectively, for three successive days. Then, the 
mice were challenged with 0.5% DNCB every alternate 
day for 35 days. 

BALB/c female mice were randomly divided into 
seven groups (n = 4 per group) as follows: The normal 
control group (without induction of AD), the disease 
control group (induction of AD without any treatment), 
the G-placebo group (without standardized extract 
phytosome gel), the SMf group (purely standardized 
plant extract), the G-SMf group (SMf-loaded plain gel), 
the G-1.0 group (treatment with optimized SMf-loaded 
phytosome gel), and the betamethasone group (standard 
marketed product, Betagel®). The study used a topical 
dose of 15.527 mg/kg of SMf and an equivalent dose of gel 
formulations. The treatments were continued after initial 
sensitization for 5 weeks on every alternate day so that 
the application of 0.5% DNCB and treatment would not 
occur on the same day.
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Measurement of ear thickness, spleen weight, blood 
parameters, and cytokines
The ear thickness of BALB/c mice was measured using 
a digital caliper (Jipvi Ecommerce Pvt. Ltd., China). 
The spleen weight of each group of mice was measured 
on the day of sacrifice.39,40 The levels of hematological 
parameters (WBC, neutrophils, monocytes, lymphocytes, 
and eosinophils) and cytokines (TNF-α, IL-4, IFN-γ) 
were measured following the manufacturer’s instructions. 
For the measurements mentioned above, blood samples 
were obtained from the retroorbital plexus, and serum 
was recovered by centrifugation and stored at -20 °C for 
further research. ELISA kits (BioVendor-Laboratorní 
medicína a.s., Brno, Czech Republic) were used to 
measure the serum levels of TNF-α, IFN-γ, and IL-4 as 
per the manufacturer’s instructions.41,42

Statistical analysis
The data for each group were analyzed using one-way 
ANOVA, and the statistical outcomes were presented 
as SD ± SEM. Tukey’s comparison test was employed to 
assess the significance between various groups. GraphPad 
Prism 5 was used for the statistical analyses, and P ≤ 0.05 
was considered significant.

Results 
Preliminary studies
The physicochemical investigation and the powder 
sample’s micrometric characteristics were found to be 
satisfactory. According to the preliminary phytochemical 
analysis, all extracts have carbohydrates, steroids, and 
flavonoids in ethanol and ethyl acetate extract. The HPTLC 
study confirmed that every extract contains β-sitosterol, 
and validation of β-sitosterol showed linearity within 1.0-
3.0 µg/spot with a regression equation of y = 0.0033x + 
0.003, r2 = 0.9918 (n = 3). The linear regression data of the 
calibration plot are measured and found the range (1.0-
3.0µg/spot), linearity (0.9918, n = 3), limit of detection 
(0.40 µg/spot), limit of quantification (1.22µg/spot) at 
254nm. The average recovery study of β-sitosterol is 99.98 
% in concentration (50 %, 100 %, 150 % µg/Spot). The 
chromatogram of the extract had a peak with an Rf value 
ranging from 0.800 to 0.824 for the sample and is near 
the Rf (0.837) for the reference β-sitosterol. The extractive 
yield of the n-hexane extract was 2.1%, and the amount 
of β-sitosterol was 161mg per gram of dried SMf. The 
n-hexane extract of SMf showed potent anti-microbial 
activity against Staphylococcus aureus with a 0.062 mg/ml 

MIC value.23,24

Characterizations of SMf-loaded phytosome 
formulations and optimization
The prepared formulations (P1, P2, P3) were found to 
be homogeneous liquids with a slightly yellowish-white 
color. Table 2 shows the evaluated results of phytosome 
formulations, and the HR-TEM photomicrograph of P3 
is shown in Figure 1a. Most of the vesicles are found to be 
within 20-22 nm (Figure 1b). The selected area electron 
diffraction (SAED) pattern (Figure 1c) showed the 
diffused concentric rings, representing the amorphous 
nature of the vesicles. 

Characterization of phytosome-loaded gel
Table 3 shows the characterization outcomes of gel 
formulations. G-1.0 was used for further studies because 
it was close to the marketed formulation’s viscosity, 
spreadability, extrudability, and syneresis. 

Drug excipient compatibility
The ATR-FTIR study aimed to understand the potential 
molecular interactions among the components of 
the phytosome gel and the standardized extract. The 
comparative results of each formulation component and 
the optimized phytosome gel are represented in Figure 2a. 
The standardized extract exhibits distinctive peaks at 3436 
cm-1, corresponding to the stretching of phenolic -OH 
groups. Additionally, the bands observed at 2922 cm-1 
and 2860 cm-1 signify the stretching vibrations of alkane 
C–H bonds. Notably, peaks at 1715 cm-1 denote the C = O 
stretching in ketones, while the 1660 cm-1 peak indicates 
the –C = C– stretching in alkenes. Other essential features 
include peaks at 1544 cm-1 (asymmetric stretch of N–O), 
1448 cm-1 (C–C aromatics stretching), and 1372 cm-1 
(C–H rocking of alkanes). The signals at 1283 cm-1 and 
1229 cm-1 are attributed to the C-O stretching in esters or 
ethers. Additionally, the bands at 1160 cm-1 are linked to 
C–H wagging, and 1077 cm-1 is associated with the C-N 
stretching of the alkyl group.

Ex-vivo skin permeability
The skin permeability of the formulations was assessed 
using the Franz diffusion cell. In Figure 2b, the phytosome 
gel (G-1.0) demonstrated significantly higher cumulative 
drug permeation (P < 0.05) compared to the standardized 
extract-loaded plain gel (G-plain). The permeability 
coefficient (Kp) was notably higher for G-1.0 [1.90 ± 0.006 

Table 2. Characterizations of the phytosome formulations

F Code Yield (%) Zavg (nm) PDI ZP (mV) EE (%) DL (%)

P1 95.8 ± 0.10 81.33 ± 1.11 0.26 ± 0.11 38.83 ± 0.23 44.44 ± 1.23 9.55 ± 0.27

P2 94.17 ± 0.30 76.73 ± 1.35 0.47 ± 0.11 43.43 ± 0.65 51.10 ± 0.27 10.85 ± 0.79

P3 95.28 ± 0.29 72.16 ± 2.38 0.22 ± 0.08 50.36 ± 0.43 60.71 ± 0.47 6.93 ± 0.33

P0 96.08 ± 0.36 71.03 ± 0.44 0.24 ± 0.08 25.32 ± 0.64 0.00 ± 0.00 0.00 ± 0.00

F Code: Phytosome formulations code ZP: Zeta potential, Zavg: Average vesicular size, PDI: Polydispersity index, DL: Drug loading.
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h-1.cm-2] in comparison to the extract-loaded plain gel 
[1.45 ± 0.020 h-1.cm-2]. The steady-state flux (Jss) of the 
drug from G-plain and G-1.0 was 0.23 ± 0.003μg.h-1.cm-2 
and 0.30 ± 0.001μg.h-1.cm-2, respectively, resulting in an 
enhancement ratio (Er) of 1.304.

Stability study
The heating–cooling cycles (three cycles) stability study 
of both the optimized formulation of phytosome with 
SMf, soya lecithin, and cholesterol ratio 1:3:0.25 (P3) and 
phytosome gel with 1.0 % w/v SMf-loaded phytosome 
formulations are shown in Table 4.

Acute dermal toxicity and skin irritation study 
After 14 days, no animal deaths were observed at up to the 
highest topical dose of SMf. The results of skin irritation 
for SMf are shown in Table 5. 

Animal study on the DNCB-induced mice model
The disease control group demonstrated a prominent 
increase (P < 0.001) in both ear thickness and spleen 
weight compared to the normal control group, indicating 
the manifestation of phenotypes associated with AD. In 
contrast, the G-placebo group displayed a non-significant 
alteration (P > 0.05) in spleen weight and ear thickness 
compared to the disease control group, indicating a 

Table 3. Characterization of various types of gel formulation. 

Parameter of 
phytosome loaded gel

G-0.5 G-1.0 G-1.5 G-SMf G-placebo
Control (Deloff®, 

Genext labs)

Organoleptic 
properties

White color, 
opaque, and no 
phase separation

White color, 
opaque, and no 
phase separation

White color, 
opaque, and no 
phase separation

Slight yellowish 
color, opaque, and 
no phase separation

White color, 
opaque, and no 
phase separation

Brown color, 
translucent, and no 
phase separation

pH 5.51 ± 0.06 5.49 ± 0.03 5.15 ± 0.03 5.65 ± 0.28 6.14 ± 0.12 5.34 ± 0.05

Homogeneity Homogeneous Homogeneous Homogeneous Heterogeneous Homogeneous Homogeneous

Texture Smooth Smooth Smooth Slight Smooth Smooth Smooth

Viscosity (cP) 41666 ± 882.96 74333 ± 333.72 110666 ± 667.45 78576 ± 762.23 75633 ± 454.14 73666 ± 432.21

Spreadability (cm) 7.31 ± 0.06 6.76 ± 0.10 5.9 ± 0.053 6.85 ± 0.15 6.98 ± 0.02 6.63 ± 0.07

Extrudability (g) 182.23 ± 1.04 139.76 ± 2.22 113.28 ± 1.52 120.27 ± 2.08 151.04 ± 1.52 132.21 ± 2.10

Syneresis (%) 2.01 ± 0.16 1.45 ± 0.15 1.06 ± 0.21 1.82 ± 0.78 1.62 ± 0.10 1.22 ± 0.10

Drug content (%) 97.05 ± 2.14 97.94 ± 2.23 96.39 ± 1.27 98.03 ± 2.26 0 --

Sign (0) indicate no SMf added, and (--) sign cannot perform the drug content study.

Figure 1. HR-TEM photomicrographs, size distribution, and SAED pattern of optimized phytosome (a) Photomicrograph of optimized phytosome formulation 
(P3) at 200nm scale; (b) Particle size distribution of phytosome vesicles; and (c) SAED pattern of phytosome. HR-TEM: High-resolution transmission electron 
microscopy, SAED: Selected area electron diffraction
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lack of therapeutic activity from the excipients. The 
SMf group showed a significantly decreased level of 
the above parameters compared to the disease control 
group, reflecting the ability of the standardized extract 

to treat AD. The G-1.0 displayed a further significant 
decrease (P < 0.001) in the ear thickness and spleen weight 
compared to the G-SMf, which is due to the enhanced 
dermal permeation ability of SMf-loaded phytosome 
nanovesicles compared to the neat SMf. The marketed 
betamethasone dipropionate gel (Betagel®, Micro Labs 
Ltd.) showed a significant decrease in the levels of 
hematological parameters compared to the disease 
control group. The result of G-1.0 is well comparable with 
the marketed gel formulation employed (Figure 3). 

Similarly, the TNF-α, IL-4, and IFN-γ levels are 
significantly higher (P < 0.001) in the case of the disease 
control group compared to the normal control. All the 
treatment groups showed a significant decrease (P < 0.001) 
in the levels of cytokines compared to the disease control 
group. The G-1.0 showed a significant decrease (P  < 0.05) 
in the TNF-α, IL-4, and IFN-γ levels compared to the 
G-SMf due to the nanostructure and enhanced dermal 

Figure 2. Drug-excipient compatibility and ex-vivo skin permeability study (a) ATR-FTIR study for drug-excipient compatibility analysis, and (b) Ex-vivo skin 
permeation study of phytosome gel (G-1.0) and SMf-loaded plain gel (G-plain). SMf (Standardized extract), SL (Soya lecithin), CHL (Cholesterol), PM (Physical 
mixture), C-934 (Carbopol 934), TEA (Triethanolamine), G-placebo (Placebo phytosome added to 1.0% w/v gel), and G-1.0 (Phytosome gel). ATR-FTIR: 
Attenuated total reflectance-Fourier transform infrared spectroscopy

Table 4. Heating–cooling cycles of SMf-loaded phytosome and SMf-loaded phytosome gels.

Stability 
study cycles

SMf-loaded phytosome formulations SMf-loaded phytosome gel formulations

PAp Zavg (nm) ZP (mV) PDI PAg Rs (%)

Initial
White color, no 
precipitation

75.33 ± 1.52 49.46 ± 0.28 0.22 ± 0.08
White color, opaque, 
Smooth

1.45 ± 0.15

Cycle-1
White color, no 
precipitation

89.23 ± 1.33 48.23 ± 0.22 0.31 ± 0.02
White color, opaque, 
Smooth

2.16 ± 0.21

Cycle-2
White color, no 
precipitation

143.42 ± 2.45 45.65 ± 0.33 0.38 ± 0.08
White color, opaque, 
Smooth

2.67 ± 0.25

Cycle-3
Slight yellowish color, 
slightly precipitation

204.28 ± 3.29 30.32 ± 0.13 0.40 ± 0.09
Light brown color, 
opaque, no visible 
aggregation

3.32 ± 0.22

PAp: Physical appearance of SMf-loaded phytosome formulations, PAg: Physical appearance of SMf-loaded phytosome gel formulations, ZP: Zeta potential, Zavg: 
Average vesicular size, PDI: Polydispersity index, Rs: Syneresis

Table 5. Skin irritation scores of treated and untreated group BALB/c mice 
skin.

Signs and 
symptoms of skin

Treated Untreated Treated Untreated

100 mg/kg 24 hours n = 4 200 mg/kg 24 hours n = 4

Redness * * * *

Dryness ** * ** *

Irritation ** * ** *

Swelling * * * *

Inflammation * * * *

Other Signs - - - -

The stare sign (*) indicates * None, **Very Mild, redness, dryness, irritation, 
swelling, inflammation, and other signs (-) indicate absent of sign and 
symptoms.
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Figure 3. Results of in-vivo studies in DNCB-induced BALB/c female mice (a) Ear thickness, (b) spleen weight, (c) TNF-α (Tumor necrosis factor alpha), (d) IL-4 
(Interleukin 4), (e) IFN-γ (Interferon-gamma), (f) WBC (white blood cells), (g) neutrophils, (h) lymphocytes, (i) monocytes, and (j) eosinophils where, A. Normal 
control group, B. Disease control group, C. G-placebo group, D. SMf group, E. G-SMf group, F. G-1.0 group, G. betamethasone group
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permeation. The marketed gel showed a significant 
decrease in the levels of the evaluated parameters. 

The disease control group showed a significant 
increase in the level of WBC (P < 0.001), neutrophils, 
and lymphocytes compared to the normal group. The 
G-placebo group showed a non-significant change 
(P > 0.05) in the parameters’ levels compared to the 
disease control group, reflecting no therapeutic activity. 
The SMf group showed a significantly decreased level of 
the above parameters compared to the disease control 
group, reflecting the standardized extract’s ability to 
treat AD. When comparing the neat SMf group to the 
G-SMf group, a decrease in the levels of the hematological 
parameters was observed, attributed to better retention at 
the topical site due to the gelling consistency. However, 
the G-1.0 showed a further significant decrease (P < 0.05) 
in the evaluated parameters compared to the G-SMf 
due to the enhanced dermal permeation ability of SMf-
loaded phytosome nano vesicles compared to the neat 
SMf. The marketed betamethasone dipropionate showed 
a significant decrease in the levels of hematological 
parameters compared to the disease control group. 
Except in the case of lymphocytes, the G-1.0 showed 
a non-significant difference (P > 0.05) compared to 
the marketed betamethasone dipropionate, reflecting 
equivalent therapeutic activity. However, the levels 
of monocytes and eosinophils were found to be non-
significant among all the evaluated groups. Following 
treatment with G-plain, G-placebo, SMf, G-SMf, G-1.0, 
marketed dexamethasone, and normal control, DNCB-
induced AD-like skin condition in BALB/c mice, the use 
of DNCB caused substantial inflammation, as shown in 
Figure 3. 

Discussion
The preliminary studies of Mesua ferrea Linn. plant 
powder and extracts results were in an acceptable range. 
According to the ICH guidelines, the developed HPTLC 
method was found to be validated.43 The density of this 
gram-positive strain of Staphylococcus aureus appears 
to increase the severity of AD skin, with this bacterium 
found in 90% of cases.44,45 The SMf shows anti-microbial 
activity against this Gram-positive strain.

The phytosomes are successfully developed via the 
thin film hydration method. The hydrophilic head of soy 
lecithin is oriented toward the external and core aqueous 
medium, and the hydrophobic tail remains away from 
the water. This arrangement facilitates the formation of a 
lipid bilayer vesicle.46,47 The yield of each batch exceeding 
94% indicates the suitability of the thin-film hydration 
method employed for the formulation of phytosomes. 
The vesicles were found to be nanometric in size (Zavg: 
71.03 ± 0.44 nm to 81.33 ± 1.11 nm) with a homogeneous 
nature (PDI < 0.5).48 The ZP of all the formulations was 
within -38.83 ± 0.23 to -50.36 ± 0.43 mV, and the values 
greater than ± 30 mV represent high colloidal stability.49

The EE was found to be within 44.44 ± 1.23 to 

60.71 ± 0.47 %, and the DL was found to be 6.93 ± 0.33 
to 9.55 ± 0.27%. Based on the high percentage of EE, low 
PDI, high ZP values, and excellent stability, the P3 was 
selected as an optimized formula and used for further 
studies. The phytosome vesicles are found to be spherical 
in shape, with uniform size, having an average diameter 
of 20.329 ± 1.821nm (Figure 1b). The size of the vesicles 
was found to be slightly lower than the hydrodynamic 
vesicle size obtained by the DLS, which may be due to 
the shrinkage of the vesicles during the drying of the 
phytosome on the HR-TEM grid. 

Better consistency with the homogeneity of gels is 
essential for patient compliance.50,51 Carbopol based-
gelling agent is selected due to its inert nature, outstanding 
bioadhesive characteristics, hydrophilic, non-irritating, 
non-toxic nature, compatibility with many active 
ingredients, and excellent thermal and storage stability.52 
Further, the carbopol-based gel can be formulated in 
water at ambient temperatures, whereas hydroxypropyl 
methylcellulose needs to be dissolved in hot water. 
Carbopol 934 is a synthetic, hydrophilic polymer widely 
exploited for the preparation of hydrogels for topical drug 
delivery. Due to excellent pharmaceutical properties, non-
toxic nature, prolonged drug release, skin compatibility, 
wide range of pH compatibility, pseudoplastic behaviour, 
and remarkable storage stability, the carbopol 934 was 
selected for the development of phytosomal gel.53,54

The gel formulations are white in color and have a 
pleasant appearance. In contrast, G-SMf gel appears slightly 
yellowish in color, opaque, and homogeneous. The pH of 
phytosome-loaded gel was found to be within 5.49 ± 0.03 
to 5.51 ± 0.06, which is close to the skin pH (5-6), reflecting 
the suitability of these gels for the topical application. 
Also, the pH of the gels is close to that of the marketed 
gel. Spreadability is one of the essential elements of a gel 
formulation related to user compliance. Patients have less 
discomfort when gels with appropriate spreadability are 
applied to the skin.55 In this study, lower concentration 
G-0.5 gel shows higher spreadability (7.31 ± 0.06 cm). 
In contrast, higher concentration gel G-1.5 shows lower 
spreadability, 5.9 ± 0.053 cm, due to the gel’s capacity to 
spread is influenced by polymer concentration, polymeric 
chain length, and polydispersity.56 The G-1.0 showed the 
spreadability of 6.76 ± 0.10 cm, similar to the standard 
formulation of 6.63 ± 0.07 cm. The extrudability was 
found to be in the range of 113.28 ± 1.52 g to 182.23 ± 1.0 
g, and G-1.0 gel (139.76 ± 2.22 g) was similar to the 
marketed gel (132.21 ± 2.10 g). The viscosity gradually 
increased with the gel concentration. The viscosity study 
results of G-1.0 gel (74333 ± 333.72 cP) are found to be 
similar to the marketed gel (73666 ± 333.72 cP). The gel 
slightly contracts during syneresis, and a small quantity 
of unbound water is squeezed out. It is an undesirable 
attribute that can be avoided by choosing the right gellant 
concentration.57 With an increase in the carbopol 934 
concentration, the syneresis was reduced, and G-1.0 
showed a percentage of syneresis value (1.45 ± 0.15%) 
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comparable with the marketed gel (1.22 ± 0.10%), and the 
drug content value was shown to be > 96%. 

The vibrational spectral analysis of the SL revealed 
a broad peak at 3271 cm-1, indicating the stretching 
vibration of the phenolic -OH group. The peaks at 2914 
cm-1 and 2842 cm-1 are attributed to the C-H stretching of 
alkanes. Further vibrational bands at 1732 cm-1 and 1466 
cm-1 correspond to the stretching of carbonyl C = O and 
the bending of C-H in alkanes, respectively. Additionally, 
the peak observed at 1226 cm-1 is due to the stretching 
vibration of P = O.46,58,59 CHL exhibits distinctive peaks in 
its infrared spectrum. At 3383 cm-1, a broad peak arises 
from the O-H vibration. The sharper peaks at 2922 cm-1 
and 2849 cm-1 are attributed to the asymmetric stretching 
vibrations of C-H bonds within methyl groups. A distinct 
peak at 1466 cm-1 indicates either the stretching of the 
C = C bond or the bending of the C-H bond. Peaks at 
1368 cm-1 and 1230 cm-1 correspond to C-O stretching 
in the C-O-H group and O-H bending, respectively. 
Additional features include a vibrational band at 1044 
cm-1 associated with stretching of the C-O bond. Peaks at 
947 cm-1 and 834 cm-1 are assigned to the C-C backbone 
vibration. Lastly, the peak at 793 cm-1 is due to the C–H 
out-of-plane vibrations, as documented by Paradkar et 
al.60 The physical mixture showed the superimposed peaks 
of SMf, SL, and CHL. The characteristic peaks of SMf 
(2922, 2860, 1715, 1448, 1372, 1229, and 1160 cm-1) are 
found to be retained in the PM, representing the retention 
of chemical property compatibility with the excipients. In 
C-934, a very broad peak around 3011 cm-1 is due to the 
stretching of the -OH group. A sharp characteristic band 
at about 1708 cm-1 due to C = O stretching: weak peaks at 
1417-1449 cm-1 are ascribed to the stretching of the C-O 
group. The band at 1239 cm-1 is assigned to the vibration 
of C-O-C of acrylates. The bands at 1174 cm-1 and 802 
cm-1 are ascribed to the ethereal cross-linking and out-of-
plane bending of = C–H groups, respectively.61 The TEA 
showed a broad peak from 2100-3000 cm-1, corresponding 
to -OH stretching. The peaks at 1900 cm-1, 1756 cm-1, and 
1634 cm-1 are ascribed to the stretching of the -CH2-group. 

The peak at 3414 cm-1 in the phytosome gel corresponds 
to the spectral overlap for SMf, SL, and CHL due to 
OH stretching. This overlap, characterized by a broad 
and intense band, is well established as the fingerprint 
region. The distinctive strong peaks at 2923 cm-1 and 
2846 cm-1 result from CH2 symmetric stretching. The 
prominent band at 1728 cm-1 is attributed to the carbonyl 
C = O stretching vibration of C-934. The phytosome gel 
exhibits all the characteristic peaks of SMf (2923, 2858, 
1719, 1539, 1452, 1374, and 1230 cm-1), although with 
reduced intensity and no shifting. This indicates that the 
chemical integrity and compatibility between the drug 
and excipients are maintained. The decrease in intensity 
can be attributed to the dilution effect caused by the 
excipients.

Goat and cow skin have been extensively used in ex 
vivo skin permeability studies. Both cow and goat hides 

possess epidermal and dermal layers that exhibit distinct 
characteristics similar to human skin. In contrast, the 
skin of laboratory animals such as rabbits, mice, guinea 
pigs, and rats shows significant anatomical differences 
compared to human skin. These animals have a notably 
thin epidermis and a flat epidermal-dermal interface that 
lacks ridges and papillary projections. Obtaining ethical 
approval for research involving human skin and primates 
can be challenging.62 Therefore, we selected the goat skin 
in ex vivo permeation studies of SMf-loaded plain gel and 
phytosome gel with the help of the Franz diffusion cell. 
Phytosomes signify a breakthrough in the administration 
of herbal remedies, improving the bioavailability and 
stability of phytochemical components. The unique 
characteristics of phytosomes, such as safeguarding 
active compounds from deterioration, improving skin 
absorption, and facilitating precise drug delivery, have 
positioned them as a potential nanocarrier system in 
the pharmaceutical, cosmeceutical, and nutraceutical 
sectors.20 Unlike a raw herbal extract, its nanovesicles 
demonstrated increased flux and better drug retention 
within the skin layers. Topical nano gels facilitate drug 
delivery by retaining and hydrating the drug within the 
skin.63 Due to their nanostructure, they easily permeate 
through the skin barriers. Further, the lipid-based 
structure of phytosomes allows them to interact with the 
skin’s lipid-rich layers due to their high affinity, facilitating 
penetration and absorption. Additionally, the phytosomes 
form hydrogen bonds with the phytoconstituents, 
improving their stability and skin penetration compared 
to free phytoconstituents. Moreover, phytosomes also 
improve skin functions by improving hydration, enzyme 
balance, and collagen structure.64 In a recent study, olive 
oil containing phytosomal nanocarriers of quercetin was 
reported for improved skin permeability. The phytosomal 
nanocarriers were prepared by a solvent evaporation/anti-
solvent precipitation technique and optimized using a Box-
Behnken design. The formulation showed significantly 
higher skin permeation of quercetin compared to an 
olive-oil/surfactant-free formulation and the control.22 In 
another study, a phytosomal gel of aloe vera extract was 
studied for topical drug delivery. A 22 Factorial design was 
used to develop and statistically optimize the formulation 
with respect to vesicular size and entrapment efficiency. 
The optimized phytosome was loaded into carbopol 934 
to develop a phytosomal gel. The phytosomal gel showed 
a significantly higher permeation and flux profile than 
the conventional aloe vera extract gel.8 In a recent study, 
a phytosomal gel of Cassia alata leaf extract was prepared 
and evaluated for its antibacterial activity against 
Staphylococcus aureus and Escherichia coli. The developed 
phytosomal gel demonstrated excellent pharmaceutical 
properties, pH, spreadability, and extrudability. The 
nanovesicular gel showed improved antibacterial activity 
compared to the neat extract and plain gel. 65 Our study 
demonstrated that phytosome gel (G-1.0) displayed 
excellent pharmaceutical outcomes with significantly 
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improved ex-vivo skin permeability steady-state flux (Jss), 
permeability coefficient (Kp), and enhancement ratio (Er) 
compared to extract-loaded plain gel. Singh et al66 study 
results of ex-vivo skin permeability steady-state flux from 
Hedyotis corymbosa (L.) Lam. extract and evaluated for 
its efficacy in psoriasis. The optimized phytosome was 
incorporated in a pluronic gel for the development of 
phytosomal gel. The extract-loaded pluronic gel showed 
a flux of only 2.78µg/cm2/h compared to the optimised 
Phytosomal Pluronic gel with a flux value of 5.24µg/
cm2/h. The phytosomal gel demonstrated improved 
dermatokinetics compared to the extract-loaded pluronic 
gel. The phytosomal nanogel improved skin integrity and 
downregulated inflammatory cytokines with improved 
anti-psoriatic activity compared to the marketed product. 
At the end of ex-vivo skin permeability studies with 
extract-loaded plain gel (G-plain) and phytosome gel (G-
1.0) with the help of vertical Franz diffusion, no apparent 
damage (signs of tears, cuts, imperfections, and cracking) 
on the goat skin was observed. Further, the maintenance 
of skin thickness and skin hydration level before and after 
the diffusion study supports the retention of membrane 
integrity. The presence of sodium azide (0.0025% w/v) in 
the medium avoids possible microbial deterioration of the 
membrane and growth in the media.

The stability test was performed with the optimized 
formulation of SMf-loaded phytosome P3 (1:3:0.25 ratio 
of SMf, soya lecithin, and cholesterol). The phytosome 
demonstrated aggregation, fusion, and the potential 
disruption of vesicles throughout the conducted three 
heating–cooling cycles stability test. The instability 
observed in phytosome formulations can be identified 
by an increase in the size of up to 204 nm of the vesicles 
resulting from alterations at the end of the heating–
cooling cycles. A higher PDI signifies a lower uniformity 
in the preparation.67 The heating–cooling cycles of 
the optimized formulation of SMf-loaded 1.0 % w/v 
phytosome gel through physical appearance after three 
cycles show slight smoothness, slight color change, and 
no visible aggregation during the cycles. Syneresis is 
a frequently encountered issue related to the physical 
stability of gel formulation. It occurs when the dispersion 
medium is expelled due to the elastic contraction of the 
polymeric gelling agents. The liquid loss of phytosome 
gel up to 3.32% at the end indicates the gelling agent can 
contract, squeezing out the water. Meanwhile, the overall 
cycle maintains the stability of the products.68

The extract exhibits very mild signs of skin dryness and 
irritation. However, G-1.0 showed a primary irritation 
index of zero, representing its non-irritating nature, 
comparable to the untreated control. The non-irritancy of 
G-1.0 is due to the entrapment of SMf in the phytosome 
nanovesicle of the phytosome gel, which avoids the direct 
contact of SMf with the skin.

The DNCB-induced AD model is widely exploited 
as an AD model in BALB/c mice.69-73Human-like AD 
in pre-clinical models can be induced by using mice 

with spontaneously developing skin eczema, genetically 
modified mice, or chemical sensitization. Among them, 
the chemical sensitization method is the most common. 
The 2,4-dinitrochlorobenzene (DNCB) is a standard 
compound for inducing contact sensitization and the 
formation of multiple haptens with extracellular and 
intracellular proteins in human skin. Repeated DNCB 
irritation of the murine skin is described in two phases: 
a sensitization phase (first contact with the hapten) 
and a challenging phase (second hapten encounter). 
It effectively mimics the key features of human AD, 
including skin inflammation, immune dysregulation, and 
altered skin barrier function, relatively easy to establish, 
making it a valuable model for research. BALB/c mice 
are a commonly used model due to their susceptibility to 
allergic reactions and DNCB sensitization.74-77

The blood cells, viz. white blood cells (WBCs), 
monocytes, lymphocytes, neutrophils, and eosinophils, 
are necessary for defence against pathogenic organisms. 
Compared to the healthy control, in the case of AD, there 
is a considerably increased amount of WBC, neutrophils, 
lymphocytes, and eosinophils.78,79 We analyzed the 
leukocyte counts in cardiovascular blood samples 
employing a Neubauer hemocytometer to determine 
whether cutaneous G-1.0 sensitization may reduce 
the inflammatory cells. The study demonstrates that 
G-1.0 dramatically reduced the levels of lymphocytes, 
monocytes, eosinophils, and neutrophils, comparable 
to the standard marketed drug. Additionally, G-1.0 
outperformed other formulations in effectiveness, such as 
G-plain, G-placebo, SMf, and G-SMf.

The DNCB-treated group had much thicker ears and 
spleen weights than the normal control group due to the 
repeated topical application of DNCB. The phytosome 
gel G-1.0 group exhibited decreased ear thickness and 
spleen weight throughout the trial period. AD can impact 
the immune system because it frequently manifests as a 
systemic immunological response. We examined the ear 
thickness and spleen weight on the last day to determine 
if applying phytosome gel G-1.0 topically to mice had 
an anti-AD effect. The disease control group’s results 
revealed increased spleen weight and ear thickness 
compared to the control group (normal), while the G-1.0 
therapy group displayed inhibition. These findings thus 
indicate that topical G-1.0 treatment may have an anti-
AD effect.39,40 Previous studies80 showed that β-sitosterol 
decreased IgE levels and blood histamine in the DNCB-
induced AD model and histamine-induced scratching 
behaviours in mice. It also reduced clinical signs of AD, 
such as erythema, dryness, and eczema. Furthermore, 
β-sitosterol reduced expression in skin lesions resembling 
AD. These results suggest that β-sitosterol may have 
therapeutic value for AD and other skin inflammations.

The health benefits and biological properties of the 
flowering buds of Mesua ferrea Linn. have been studied 
intensively over the past three decades in terms of various 
activities, viz. antimicrobial, anti-allergic effects, anti-
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inflammatory, and antioxidant activity. 9,10 The curative 
effects of G-1.0 on skin disease and its complications 
are related to its inhibition of cell response. The primary 
finding of this research work is that G-1.0 modulates 
the reduction of activation in TNF-α-induced cells and 
decreases the formation of DNCB-induced AD lesions 
in BALB/c mice.40 The data gathered from the research 
will be used for preclinical trials, clinical research, and 
the pilot plant scale-up techniques, which will improve 
its translational value. This optimal utilization of benefits 
and costs will aid in technology transfer, and the product’s 
translational value will also hold commercial significance.

Conclusion
The n-hexane extract of Mesua ferrea Linn. has shown 
potential anti-microbial effects against S. aureus. Further, 
the presence of β-sitosterol supports its use for treating 
AD diseases. The current research focused on developing 
a pharmaceutically standardized phytosome formulation 
loaded with SMf, utilizing assessment techniques 
including achieving nano-size particles, optimizing drug 
loading capacity, attaining high encapsulation efficiency, 
high zeta potential, and low PDI. The formulated SMf-
loaded phytosome was subsequently integrated into a 
gel formulation. The gel formulation was characterized 
for organoleptic properties, drug content, syneresis, 
extrudability, spreadability, viscosity, homogeneity, 
pH, ATR-FTIR study for drug-excipient compatibility, 
permeability study, stability study, and in-vivo activity 
against AD in DNCB-induced BALB/c female mice. The 
G-1.0 formulation showed improved pharmaceutical 
properties and efficient skin permeability compared to 
standardized extract-loaded plain gel with a non-irritating 
nature. The results of the AD study in the DNCB mice 
model showed improved therapeutic potential of SMf-
loaded phytosome gel (G-1.0) compared to SMf-loaded 
plain gel. These effects of SMf with a novel topical drug 
delivery system can be a latent alternative treatment 
for AD. However, a detailed clinical evaluation is 
necessary to understand the exact pharmacokinetic and 
pharmacodynamic fate of the standardized herbal extract 
in a novel phytosome gel for an effective AD treatment.
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