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KEYWORDS  ABSTRACT

Psoriasis, Psoriasis is an inflammatory disease that causes painful, scaly, itchy skin as
Flavonoids, well as deformities. Numerous studies have been conducted on natural
Quercetin, products with anti-psoriatic properties due to the lack of a potential remedy

and related drawbacks in allopathic medications. One of the most common
polyphenolic flavonoids in fruits and vegetables is quercetin (QT), which
has a number of biological and health-promoting effects in a range of
conditions. In order to formulate, optimise, and assess quercetin phytosomal
gel's anti-psoriasis activity, quercetin-loaded phytosomes were made using
the thin-film hydration method. Factorial design (32) was used to optimise
the formulations using Design-expert® software (Version 7.0.0, Stat-Ease
Inc., Minneapolis, USA). Particle size determination (Y1) and entrapment
efficiency (Y2) were the reactions to two distinct independent variables: the
amount of soy lecithin (X1) and cholesterol (X2). A 1.5% quercetin
phytosomal gel was made using the optimised formulation of quercetin
phytosomes and tested for drug content, pH, spreadability, and viscosity
using a Carbapol 934 gel base. The maximum EE percentage of the
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synthesised quercetin phytosomes was 78.54%, the particle size was 57.4
nm, and the spreadability value was 11.6 cm. A good content uniformity of
82.2+1.43% was obtained in the produced phytosomal gel. It was discovered
that the viscosity was 2108 cps. For the phytosomal gel, the cumulative
percentage of drug release was 92.11+7.32%. Compared to standard drug
amphotericin-B, the results suggested that phytosomal hydrogel might be a
useful transdermal delivery system for quercetin in the treatment of
psoriasis.

INTRODUCTION

Psoriasis is a skin condition that results in thick, red skin patches with silvery scales, as well as
scaling and inflammation (pain, swelling, heat, and redness). These areas may itch or hurt. An
important factor in psoriasis is the immune system. White blood cells, which defend the body
against infection, are produced by the immune system. T cells, a subset of white blood cells, cause
aberrant skin inflammation in psoriasis. On the skin's outer surface, they also result in skin cells
growing more quickly than usual and piling up in elevated areas [1]. Normally, skin cells that
originate in the human skin's deepest layers rise to the surface. Cell turnover is the term for this
process. They develop, shed from the body's exterior, and are replaced by fresh skin cells that grow
from below. [2] It takes around a month to complete this cycle. However, the immune system
triggers a faster-than-normal skin cell cycle in psoriasis patients. Because the body does not
eliminate these extra skin cells, they accumulate on the skin's surface and cause lesions. Numerous
studies have been conducted on natural products with anti-psoriatic properties due to the lack of a
potential remedy and related drawbacks in allopathic medications. [3] The review of the literature
shows that while a lot of study has been done on psoriasis treatment, not much has been done on
herbal medications for the condition. [2, 3]

A recently developed patented method called the phytosomal drug delivery system was created to
create lipid-compatible molecular complexes by incorporating standardised plant extracts or
water-soluble phytoconstituents into lipids. [4, 5] The most effective stoichiometric ratio for
creating phospholipid complexes is thought to be 1:1. These complexes protect the important
component of herbal extract from being broken down by gut bacteria and digestive secretions
while also increasing the bioavailability of the active ingredients. Consequently, they outperformed
traditional herbal extracts in terms of absorption as well as pharmacological and pharmacokinetic
aspects.[6]

Typically, plants' active ingredients are polar or soluble in water. However, because of their poor
lipid solubility or bigger molecular size, which acts as a barrier in passive diffusion, water-soluble
phytoconstituents such as flavonoids, glycosidal aglycones, tannins, etc., are poorly absorbed and
have low bioavailability. One plant flavonoid that belongs to the polyphenol flavonoid family is
quercetin. Numerous fruits, vegetables, grains, seeds, and leaves contain it. It is frequently found
in large quantities in foods like kale, capers, and red onions. It is used in meals, beverages, and
dietary supplements and has a bitter flavour. [7, 8] Its anti-inflammatory and anti-allergy qualities
are what make it most famous. Because it stabilises mast cell membranes and inhibits the
production of histamine and other inflammatory chemicals, it is commonly used to treat food and
inhalant allergies, asthma, eczema, psoriasis, gout, and ulcerative colitis. Because of its antioxidant
properties, quercetin can also inhibit inflammatory processes that are mediated by lysosomal
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enzymes, hyaluronidase (enzymes that break down collagen), and "leukotrienes" (inflammatory
effects a thousand times stronger than histamines) [9, 10, 11, 12].
MATERIALS AND METHODS
Materials: We received gift samples of quercetin and soy lecithin from Central Drug House (p)
Ltd in Bombay, India. We bought carbopol 934, dichloro-methane, sodium hydroxide, and
cholesterol from SD Fine-Chem Limited in India. We bought chloroform, methanol, and
triethanolamine from Fischer Scientifics in Mumbai, India.
UV Spectroscopy: Using matching 10 mm quartz cuvettes, the standard calibration curve of
Quercetin UV spectrophotometers (UV-1900) and UV-visible spectroscopy were used to determine
the absorption maxima (Amax). Quercetin was analysed using ethanol. [13]
Fourier Transform Infrared Spectroscopy (FTIR): FTIR spectroscopy analysis was utilised to
examine the compatibility and interaction of the physical mixture of drug and excipients, as well
as the pure drug, lipid, and surfactant employed in TE production. Both liquid and solid samples
were analysed using an FTIR spectrometer. (Bruker Alpha II, USA; SHIMADZU IR Affinity
1/8000, Japan). The transmission method was used for the inspection, and wave numbers between
4000 and 400 cm-1 were used. [14, 15]
Preparation of Phytosomes: The thin-film technique was used to create the quercetin
phytosomes. In a dry, round-bottom flask, a precise amount of soy lecithin, cholesterol, and
quercetin were dissolved in a dichloromethane: methanol mixture (2:1v/v). To form a thin lipid
coating on the round-bottom flask wall, the organic solvent combination was allowed to evaporate
for 15 minutes under low pressure in a rotary evaporator set to 60 rpm and 40°C. The film was
rotated at 60 rpm for one hour at room temperature in order to hydrate it with phosphate buffer
pH7.4. After being sonicated for 30 minutes with the ultrasonic probe sonicator to decrease their
size, the multilamellar lipid vesicles (MLVs) were kept at 4°C for additional research. [16, 17]
Table 1: Formulation Design of Quercetin Phytosomes
Ingredients QF1 QF2 | QF3 | QF4 | QF5 | QF6 | QF7 | QF8 | QF9
Quercetin(mg) 100 100 100 100 100 100 100 100 100
Soyalecithin 100 100 100 | 200 | 200 | 200 | 300 | 300 | 300

Cholesterol 25 50 75 25 50 75 25 50 75
Chloroform or 30 30 30 30 30 30 30 30 30
methanol
(2:1ml)
Phosphate 20 20 20 20 20 20 20 20 20
buffer (7.4)

Distilled Q.S QS | QS | QS | QS | QS | Qs [ Qs | Qs

water (Vv/v)

Design of Experiment: Design-expert® software (Version 7.0.0, Stat-Ease Inc., Minneapolis,
USA) was used to build a three-level factorial design, which required an experiment to be
conducted at all possible combinations of the three levels of each component taken into
consideration. The levels of soy lecithin (X2) and cholesterol (X1) were the independent variables.
Nine quercetin phytosome formulations were produced after the independent factors were screened
using a multilevel factorial design (32). To find the ideal formulation, all of the formulations were
made using the thin film hydration method. Particle size (Y1) and entrapment efficiency (Y2) were
then assessed. [18]
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Table 2: Independent Variables

Coded values level Independent variables
X1, Cholesterol X2, Soy lecithin
-1 25 100
0 50 200
+1 75 300
Table 3: Formulation Of Quercetin Phytosomes Suspension
Formulation Drug Cholesterol Soy lecithin Chloroform
QFl1 100 25 100 30
QF2 100 50 200 30
QF3 100 75 300 30
QF4 100 25 100 30
QF5 100 50 200 30
QF6 100 75 300 30
QF7 100 25 100 30
QF8 100 50 200 30
QF9 100 75 300 30

Evaluation parameter of quercetin loaded phytosome

Percentage Entrapment Efficiency (%EE): The centrifugation method can be used to test the
drug's ability to entrap other drugs. Centrifugation is used to separate the unentrapped medication,
and a liquid supernatant is produced at the end of the process. It is computed how much substance
is ensnared. [19]

Particle size and PDI: The Malvan zeta sizer technique was used to evaluate the particle size and
PDI of the produced quercetin-loaded phytosme formulations using a particle size analyser
(Nanopartica SZ-100, HORIBA Scientific, USA). After being diluted with distilled water, the
nanovesicles were examined at room temperature. Three measurements of the diluted samples'
particle size and PDI were made, and the average + standard was used to present the results.
Determination of Zeta Potential of optimized batch: The measurement of the electric charge on
the surface of a nanoparticle, which indicates the physical stability of the system, is called zeta
potential. Using an electrophoretic light scattering technique and a particle size analyser
(Nanopartica SZ-100, HORIBA Scientific, USA), the Zeta potential of an optimised batch of
phytosme was ascertained. The samples were diluted with double-distilled water prior to analysis.
The analysis was conducted in triplicate, and the results were displayed as mean + standard
deviation. [20, 21, 22]

In vitro Drug release study: Phytosome samples were placed in dialysis bags, sealed, and
immersed in a solution. The drug release investigation was carried out for two hours at 37+0.5°
and 100 rpm using the USP Dissolve Test Apparatus, Type II. At each interval, 5 mL of sample
were extracted and swapped out for fresh buffers. The materials were evaluated
spectrophotometrically after being diluted appropriately. [23]

Preparation of quercetin loaded phytosme hydrogel: Soy lecithin and 1% Carbopol 934 were
used as a gelling agent to create the quercetin-loaded phytosomal hydrogel. The synthesised
phytosomal hydrogel contained 1.5% w/w of quercetin. [24]
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Evaluation of Quercetin-Loaded hydrogel
pH: The pH of the hydrogel was measured using a digital pH meter. The pH of the mixture was
measured after 1 g of hydrogel was agitated in distilled water until a homogeneous suspension was
reached. [25]
Spreadability: 50 g of weight was placed on slides for 5 seconds after an excess of hydrogel (2 g)
was sandwiched between petri dishes to compress the sample to a uniform thickness. Spreadability
was measured as the amount of time (in seconds) needed to separate the two slides. [26, 27] The
following formula was used to calculate it:

S=M. L/T
Where, S=spreadability, M=weight tied to upper slide, L=length of glass slide, T=time taken in
min
Viscosity: A Brookfield viscometer (LV) of the Di type was used to measure the hydrogel's
viscosity. The fourth spindle is used because it is non-Newtonian. Viscosity was measured for two
minutes at a fixed speed of 0.3 rpm. [28]
Anti-Microbial Activity: Aspergillus niger (2079) and Candida albicans (NCIM-2708) standard
cultures were acquired from Owaisi Hospital and Research Centre in Hyderabad, Telangana. The
organisms were kept alive by subculturing them in nutrient agar medium every 24 hours. [29, 30]
Preparation of Test and Standard Solutions: The Phytosome test solutions were dissolved in
DMSO, while the solvent control, 200 nug/0.1 ml of DMSO, was obtained by dissolving the
Amphotericin-B standard in sterilised water. Standard Inoculum Preparation: The amounts of the
various materials listed above were precisely weighed and dissolved in the corresponding volume
of distilled water. The prepared media was autoclaved for 15 minutes at 121 °C to sterilise it. [31]
Anti-fungal Screening by Cup Plate Method: The foundation of this technique is the diffusion
of antifungal components from the reservoir hole to the nearby inoculated nutrient agar medium,
which inhibits fungal growth in the area surrounding the hole.
Procedure: Cups with a diameter of 10 mm were made in the agar medium containing the bacteria
using a sterile borer. Using the spread plate approach, 0.1 ml of inoculums (of 10* to 10° CFU/ml
population) were applied to an agar plate. The inoculums were prepared from a standardised
culture and adjusted with peptone water. Using a micropipette, precisely measured (0.1 ml)
solutions of each sample and standard were added to the cups. For two hours, all of the plates were
refrigerated between 2 and 8°C to ensure that the test compounds and standards diffused
effectively. They were then incubated for 24 hours at 37 °C. Fungal activity was demonstrated by
the appearance of distinct zones of inhibition surrounding the cup. [32, 33]
RESULTS AND DISCUSSION
Determination of absorption Maxima (Amax) by UV-visible spectroscopy: Quercetin's
absorption maxima were measured using wavelengths between 200 and 400 nm. The maximum
absorption was measured and used at 373 nm. The Amax was shown in Figure 1.
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Figure 1: UV Spectra of Quercetin
FTIR Study: Figure 2 displays the FTIR spectra of pure quercetin and its physical characteristics.
All of the distinctive peaks were evident in the quercetin FTIR spectra. Quercetin was successfully
added to the hydrogel formulation, and all of the drug's characteristics stayed mostly the same.

v~y

Figure 2: FTIR spectra of quercetin
Evaluation of quercetin loaded phytosomes
Entrapment efficiency: The range of entrapment efficiency was 53.53 to 78.54%.

Particle size and PDI: As shown in Figure 3, the particle size was determined to be 57.4 nm and

Table 4: Composition And Characteristics of Formulations

Formulation | X1, Cholesterol X2 Soy lecithin Y1, Particle | Y2, Entrapment
size (nm) Efficiency (%)
QF1 25 100 604 53.53
QF2 50 200 71.2 61.64
QF3 75 300 61.5 70.43
QF4 25 100 63.2 55.64
QF5 50 200 70.5 63.22
QF6 70 300 63.8 72.43
QF7 25 100 68.4 59.64
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Figure 3: Determination of particle size and PDI (QF9)

Zeta potential: Following triplicate examination, the zeta potential of the optimised formulation
was determined to be 0.38.

In-vitro Diffusion Studies: All formulations underwent ten hours of diffusion investigations using

a dialysis membrane, and samples were examined using a double-beam UV Visible
Spectrophotometer.
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Figure 4: % Drug release of formulation QF1-QF9

Evaluation of Hydrogel

The phytosomal hydrogel injected with quercetin was uniformly smooth. The soy lecithin
phytosomal hydrogel of quercetin may be optimised on the skin surface with minimal stress, as
evidenced by the spreadability value of 11.6 cm. It was determined that the 1.5% quercetin soy
lecithin phytosomal gel had a viscosity of 2108 cps. At 7.2 + 0.11, the pH value is within the typical
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range for topical treatments. It was discovered that the quercetin phytosomal hydrogel’s real drug
content was 82.2+1.43%, indicating good content uniformity. The drug release measured in vitro
was 92.11+£7.32.

Activity of Phytosomes against Candida albicans: Table 5 displays the antifungal activity of
several phytosomes (QF9) and hydrogel. In comparison to normal Amphotericin-B at 200pg/ml,
which demonstrated a 16.3 mm zone of inhibition, quercetin phytosome (QF9) and hydrogel of
quercetin demonstrated antifungal activity of 9.7 mm and 12.1 zone of inhibition.

Activity of Phytosomes against Aspergillus niger: Table 5 displays the antifungal activity of
various phytosomes, including hydrogel and QF9. In comparison to normal Amphotericin-B at
200ug/ml, which exhibited a 14.4 mm zone of inhibition, quercetin phytosome (QF9) and hydrogel
demonstrated antifungal activity of 12.1 mm and an 11.2 mm zone of inhibition.

Table 5: Zone Of Inhibition On Quercetin Formulation Against C. Albicans And A. Niger

S. No. Formulation C. albicans (Mm) A. niger (Mm)
1 Quercetin Phytosome QF9 9.7 9.2
2 hydrogel 12.1 11.2
4 Amphotericin- B 16.3 14.4
CONCLUSION

The purpose of the study is to create, refine, and assess quercetin phytosomal hydrogel 's anti-
psoriasis properties. One of quercetin's many medicinal benefits is its antifungal action. It can be
inferred from the quercetin phytosome hydrogel study that each formulation has unique benefits
and drawbacks. Compared to hydrogel, quercetin phytosome hydrogel demonstrated greater skin
penetration and quercetin retention. This is explained by the phytosome's superior penetration
capacity, which enables the medicine to easily pass through the stratum corneum and reach deeper
epidermal layers because of its small particle size and high entrapment efficiency. The phytosome
formulation QF9, which showed reduced particle size and increased entrapment efficiency, was
determined to be the study's ideal formulation. The phytosomal hydrogel of was prepared that
exhibited better antifungal activity, which can be beneficial in treating various skin disorders.
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