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The ultra-flexible lipid gel system (UFLGS) consists of bilayer lipid membranes, responsible for highly elastic and
deformable vesicles compared to conventional topical systems. Varicose veins are abnormal, dilated blood vessels
resulting from weakening in the wall of the blood vessels. A flavonoid diosmin is highly potential to alleviate
circulatory issues by altering blood veins’ elasticity and suppleness. Schrodinger 2023-1 suite device was used for
molecular docking study. Ultra-flexible lipid nanosuspension (UFLNS) was developed and optimized. Then, they are
characterized for Fourier transform infrared spectroscopy, differential scanning calorimetry, entrapment efficiency,
transmission electron microscopy, atomic force microscopy, and turbidity measurement studies. After incorporating
into the aqueous gelling agent Carbopol 934, Diosmin UFLGS (DUFLGS) was compared with the diosmin
conventional gel system (DCGS) for its physicochemical properties. The docking score was —8.507, representing
good interaction and binding affinity for nuclear factor-kappaB inducing kinase. The particle size, polydispersity
index, and surface charge of optimized diosmin-loaded UFLNS (DUFLNS) were found to be ideal values 144.56 +
5.1 nm, 0.397 + 0.13, and —24 £ 0.9 mV, respectively. The results of DUFLNS, DUFLGS, and DCGS showed skin
retention values of 55.5% + 13%, 83.44% + 12%, and 66.39% + 14%, respectively. The sustained release of the
DUFLGS is owing to the elasticity of the ultra-flexible lipids, thereby the penetration enhanced compared to DCGS.

INTRODUCTION

[2]. The patients associated with varicose veins show aching,

The aberrant, dilated, and convoluted veins in the leg
are called varicose veins which are observed in 10%—-30% of the
general population [1]. The condition is caused by the improper
working of the valves within the veins and reduced elasticity of
the veins that allows the deoxygenated blood to flow backward
and accumulate in the superficial veins. It increases hydrostatic
pressure, triggers leucocytes to adhere to capillary endothelium,
and initiates an inflammatory response. As a result, the fluid
that produces edema becomes permeable to the capillaries
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heaviness, itching, skin changes, ulcers, bleeding, phlebitis,
throbbing, fatigue, pruritus, ankle swelling, and tenderness [3].
The usage of herbal products or phytoconstituents has been
an emerging trend in treating various diseases due to its fewer
adverse effects, lower therapy costs, and more reliable action
[4]. Diosmin (diosmetin 7-O-rutinoside, C,;H,,0, MW) is a
natural flavonoid, found mostly in the pericarp of citrus fruits
belonging to the Rutaceae family. It has a variety of biological
effects, including being an anti-inflammatory, antioxidant,
antidiabetic, and antitumoral agent [5]. The diosmin is an
excellent therapeutic moiety commonly used in treating
chronic venous insufficiency, lymphedema, and varicose
veins for its phlebotonic and vascular-protective function.
The medicinal properties of diosmin are related to its ability
to prevent noradrenaline from being absorbed and metabolized
either by the veins wall. This leads to a rise in vascular tone
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with beneficial effects and, hence, decreases the elasticity and
permeability of veins [6]. The drug exhibits anti-inflammatory
actions by suppressing the production of proinflammatory
cytokines by limiting the activation of nuclear factor-kappaB
(NF-xB) pathways and decreasing T-cell receptors [7]. Recent
research approaches employ in-silico molecular docking
studies as a key technique to identify the primary target, which
offers information on the site-specific functions of the drug and
receptor channels.

The oral administration of diosmin rapidly hydrolyses
in the intestinal flora due to poor miscibility with the lipids
and absorption as an aglycone derivative diosmetin. The poor
absorption of the phytoconstituents directly relates to reducing
its bioavailability. Hence, generally larger dose is required in
the oral treatment, which is not a patient-benefit approach.
Therefore, adopting a novel drug delivery system via topical
drug distribution through the skin layer is the most suitable
approach to a specific site with controlled and sustained drug
delivery to improve therapeutic efficacy. The ultra-flexible
topical lipid carrier systems have been characterized for a
topical application, consisting of internal aqueous partition
surrounded by lipid vesicles; morphologically like liposomes,
operationally similar to transferosomes, appropriately deform
to move through skin pores far lesser than their size [8]. It can
also work as a penetration enhancer, disrupting the stratum
corneum’s tightly structured intercellular lipids and allowing
drug molecules to penetrate into and through the stratum
corneum [9]. The interaction of the polar substituent of soy
phosphatidylcholine with the hydrophilic head of diosmin will
increase solubility in the ultra-flexible technique.

Therefore, the study’s objective was to formulate
diosmin-loaded ultra-flexible lipid nanosuspension (DUFLNS)
incorporated into carbapol gel called a diosmin UFLGS
(DUFLGS) and evaluate its in vitro characterizing parameters.

MATERIALS AND METHODS

Materials

Diosmin, (95%) Yucca Enterprises, Mumbai. Soya
phosphotidyl choline, Himedia Lab Pvt. Ltd., Mumbai,
Cholesterol Loba Chemie Pvt. Ltd., Mumbai, Tween 80
Loba Chemie Pvt. Ltd., Mumbai, Diethyl ether Merck Ltd.,
Mumbai Carbopol 934 Loba Chemie Pvt. Ltd., Mumbai,
Triethanolamine Nice Chemicals Pvt. Ltd., Kerala. Sodium
deoxycholate, dimethyl sulfoxide (DMSO), isopropyl alcohol,
and all additional chemicals were of analytical reagent grade
with no further purifications.

Molecular docking studies

The crystal structures of NF-kB inducing kinase
(NIK) (PDB ID: 4G3D) from the Research Collaboratory for
Structural Bioinformatics Protein Data Bank were used for
molecular docking studies as the NF-xB transcription factors
are critical mediators of inflammatory and immune responses
[10].4G3D is a crystal structure of murine NIK with a resolution
of 2.90 A. Maestro 13.5.128, Schrodinger 2023-1 device was
used for molecular docking study [11]. Both the ligand and
selected target protein were prepared initially using the ligprep

and protein preparation wizard applications, respectively. Grid
box was created by generating receptor grids. In the end, extra
precision molecular docking was performed.

Preparation of DUFLNS

A lipid mixture was created by dissolving soya lecithin
and cholesterol in a 3:1 ratio in separate organic solvents, diethyl
ether, and chloroform, respectively. Tween 80 (0.2% w/v) was
incorporated into the lipid mixture and dissolved, forming a
uniform solution. The homogeneous solution was then allowed
to stand at room temperature for 24 hours, enabling the gradual
evaporation of organic solvents and forming a thin lipid film.
Subsequently, a solution of diosmin (10 mg/ml) in DMSO
was gently poured onto the thin lipid film. The final volume
of nanosuspension was 5 ml. Sodium deoxycholate (2% w/v)
as an edge activator was introduced to the transfersomes in
phosphate buffer solution (PBS) (pH 7.4). To enhance diosmin
encapsulation within the transfersomes, the diosmin-loaded
lipid film was subjected to sonication using a probe sonicator
(FS-600, Frontline Electronics and Machinery Pvt. Ltd., India)
operating at a frequency of 20 KHz for 2 minutes [12,13].

Design of experiments (DoE)

The impact of various input parameters on the
preparation of UFLNS was assessed using the DoE method
[14]. The design consists of a concentration of independent
variable factors such as soya lecithin, cholesterol, Tween 80,
and sodium deoxycholate. These elements influence vesicle
formation and rigidity of the vesicle, which provides flexibility
and deformability, correspondingly. The experimental
conditions were optimized according to the software Design-
Expert® runs (Version 10.0.1; Stat-Ease). A central composite
design and response surface methodology (RSM) were used to
operate at two levels generating 25 runs. The goal responses of
dependable variables are particle size (PS) (nm), polydispersity
index (PDI) to minimize, and Zeta potential (ZP) (mV) to
maximize. The relevant components and the levels (-1 and +1)
were created for the experiment and the level of variables was
depicted in Table 1.

Characterization of optimized DUFLNS

Study of morphological properties of vesicles

The developed formulations were visually inspected
under the high-power optical microscope for the vesicles’
morphological characteristics, such as shape and appearance.
The diluted suspension was observed under microscopic
magnification of a 15 x 45x lens connected to the particular
software “BIOVIS,” and the photomicrographs were recorded
[12].

Study of PS, PDI, and ZP

The Malvern zeta sizer instrument (Malvern Zetasizer
UK based-Zen 3600) was used to find the mean DUFLNS ZP,
PDI, and PS. The mean diameter is determined by utilizing
the spectrophotometric method, while the range of the size
distribution is determined by PDI. The ZP also displays the
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Table 1. Factors and their corresponding levels used for independent

variables.
Factor Independent variables Level (-1) Level (+1)
A Soya lecithin (umol) 150 300
B Cholesterol (umol) 25 100
C Tween 80 (pumol) 5 10
D Sodium deoxycholate (umol) 25 100

dispersion systems’ stability by reflecting the shift in electrical
charges at the vesicle’s surface [15].

Entrapment efficiency (EE) and drug loading capacity (DL)

The amount of free drugs that are entrapped in the
suspension using the centrifugation process was calculated to
estimate the EE of the DUFLNS [16]. At first, 5 ml of DUFLNS
was poured into a centrifugation tube and centrifuged by using
a cooling centrifuge (Remi Electrotechlink Ltd., Mumbai) at
10,000 rpm at 4°C for 10 minutes [17]. Later, 1 ml of supernatant
was diluted using 9 ml of PBS, absorbance near 268 nm was
assessed using spectrophotometry to estimate the concentration
of unentrapped drug [18].

The equation below was utilized to calculate the
percentage of EE:

Total drug ~ Unentrapped drug
added in supernatant
% EE = x 100
Total drug added
Total drug Unentrapped drug
added in supernatant
% DL = x 100.
Total drug Total amount of
added lipids added

Fourier transform infrared spectroscopy (FTIR)

FTIR is a valuable tool for investigating molecular
interactions within a formulation. This analytical technique
enables researchers to assess the chemical compatibility
between a drug substance and excipients, thereby ensuring the
stability and efficacy of the formulation. During FTIR analysis,
a small amount of the sample is placed on a crystal diamond and
recorded using specialized software. IR spectra of soya lecithin,
cholesterol, sodium deoxycholate, diosmin, physical mixture,
and DUFLNS were analyzed at room temperature using Bruker
FTIR spectrophotometer, equipped with liquid nitrogen-cooled
mercury cadmium telluride detector at a nominal resolution of
2 cm'. The wavenumber of a physical mixture’s characteristics
peak was compared to that of a pure sample, and the results
were interpreted [19,20].

Differential scanning calorimetry (DSC)

Shimadzu differential scanning calorimeter (DSC-50,
Kyoto, Japan) was used to examine the DSC thermograms of
soy lecithin, cholesterol, sodium deoxycholate, diosmin, and
DUFLNS. 99.9% pure indium was used for the equipment
validation. To produce the DSC thermograms, 3—4 mg of

samples were put in an aluminum pan with a flat bottom and
heated at a continuous scanning rate of 10°C/minute between
20°C and 400°C while being exposed to nitrogen gas [21].

Surface morphology study

Transmission electron microscopy (TEM)

In this study, we employed TEM to accurately determine
the shape and morphology of DUFLNS vesicles. To prepare the
samples, a diluted optimized DUFLNS solution of 2 ul was
carefully deposited onto carbon-coated copper grids with a mesh
size of 400. The sample was then subjected to a drying period of
5-10 minutes using an infrared lamp. This crucial step ensured
the removal of excess liquid and facilitated the firm adhesion of
the sample to the grid. To enhance the visibility of the DUFLNS
vesicles, we applied negative staining to the sample on the grid.
This specialized staining process significantly improved contrast,
enabling us to obtain clearer images of the DUFLNS vesicles
during TEM analysis [22]. Utilizing the CM 120 Bio Twin TEM
from Philips Electron Optics BV, Netherlands, we meticulously
examined the surface morphology and vesicle shape, including
characteristics such as roughness, smoothness, and aggregation.
The precise imaging and analysis allowed us to gain valuable
insights into the structural features of the DUFLNS vesicles,
contributing to a comprehensive understanding of their properties
and potential applications.

Atomic force microscopy (AFM)

In this study, we utilized an AFM to conduct a
comprehensive analysis of the DUFLNS’s surface morphology
in three dimensions (3-D). The AFM instrument used for this
purpose was the Innova SPM atomic force microscope, provided
by Bruker, Santa Barbara, CA. To begin the analysis, a thin smear
of the DUFLNS sample was carefully deposited onto a Mica Disc.
Subsequently, the sample was visualized in contact mode using
specialized AFM tips. The scan was performed at a speed of 1.2
Hz, and the resonance frequency was set to 267-328 kHz. In
contact mode, the AFM tip was in direct contact with the sample
during scanning. The topography of the DUFLNS sample induced
a vertical deflection of the cantilever as the AFM tip scanned along
the surface. To measure this deflection accurately, a fiber optical
interferometer was employed. This interferometer helped obtain
high-resolution images for height and diameter measurements,
as well as topographical 3-D and phase-contrast images. By
leveraging the capabilities of the Innova SPM atomic force
microscope, we were able to gain detailed insights into the three-
dimensional surface morphology of DUFLNS [23].

Turbidity measurement

The amount of surfactant present or its influence on the
formulation is proportional to the turbidity. If the formulation is
turbid, there may be a chance of more drug leakage from the
vesicles. The turbidity of the DUFLNS was determined by the
Systronics Nephelometer (Systronics Nephelometer, Gujarat).
The nephelometer calculates the amount of light that scatters
found to be proportional to the quantity of particles within
sample [24].
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Preparation of DUFLGS and diosmin conventional gel system
(DCGS)

A determined quantity of carbopol 934 was mixed with
100 ml of water and then aggressively agitated over 2 hour. After
that, allowed hydrating for 24 hours. pH 6.8 was adjusted by the
addition of triethanolamine. The 1%, 1.5%, and 2% w/v carbopol
gel concentrations were prepared and evaluated for viscosity,
spreadability, and consistency. Based on parameters, 1.5% w/v
was found to be the optimized concentration. The DUFLNS and
drug suspension were incorporated separately into the gel base,
and the pH and consistency of the gel were maintained [25].

Evaluation of DUFLGS and DCGS

Determination of pH

The gel formulation’s pH should be close to that of
the skin for penetration and drug absorption. The electronic pH
meter’s sensor is mounted on the gel surface, and it was given
a minute to acclimate. Using the pH buffer solution, the pH
meter was calibrated. The pH of both the gels was determined
in triplicate. The skin pH of topical gel formulation should be
within the range of 4-6 [26].

Viscosity measurement

A fluid’s viscosity is an indication of'its flow resistance.
Using a digitized Brookfield viscometer (DV-11 +pro) fitted
with T-bar spindle No. F96, the viscosity of the DUFLGS and
DCGS was assessed at various speed ranges of 5, 10, 20, 50,
and 100 rpm [27].

Spreadability test

The word spreadability refers to the area of the region
across which the gel spreads upon application on the skin’s
surface. A customized device made out of glass panes slides
was used to assess the spreadability of the gels. Between the two
slides, 0.5 g of each gel was positioned over a 5 cm length. The
uppermost slide was loaded with 100 g of weight for 5 minutes
and removed. The slide’s edge had some extra gel on it, which
was scraped out. The lower slide was then tied to the hook, while
the top slide was connected to the string movements connected
to this pan via a simple pulley. The amount of time that passed
after a 30 g load was applied to the pan to separate the top slide
from the descending slide was measured. The spreadability was
then determined using the following formula:

Spreadability = m x [

t

where m is the weight affixed to the top slide (30 g), /
means the glass slide’s length (5 cm), and ¢ indicates the amount
of time, in seconds. The spread ability in terms of unit second

increases with the amount of time needed to separate the two
slides [28].

Drug content

Separately, 50 ml of stock solution of phosphate buffer
(pH 7.4) was used to dissolve 1 g of the DUFLGS and DCGS,
each of which is equal to 10 mg of diosmin. Then, the sample

was diluted before being tested for absorbance with a UV
spectrophotometer at 268 nm [29].

Degree of deformability

The deformability nature of ultra-flexible vesicles
is proportional to their penetration capability through a
permeability barrier. DUFLGS and DCGS were forcibly
extruded through a polycarbonate filter with a 2 ml volume and
50 nm pore size held in metal holders with 2.5 bar pressure.
The proportion of vesicle dispersion discharged every minute
for 10 minutes was measured. The formula shown below was
employed to calculate the vesicle membrane deformability
[30,31].

D =J x (rv/tp)?

where D = deformability of the vesicle membrane, J =
flux that was discharged over a 10 minute period, rv = vesicular
size (after passes), and rp = pore size of the barrier (100 nm).

Ex vivo permeation and deposition study

An in vitro skin permeation investigation was
undertaken to investigate whether drugs may pass through the
goat skin membrane. The goat abdominal skin membrane was
selected for the study since its morphology is similar to the
human skin epithelium. A modified Franz diffusion cell was
used for an in vitro permeation investigation [32]. The fresh goat
abdominal skin was collected from the slaughterhouse, and the
outer skin was removed and hydrated in phosphate buffer pH
7.4. The receiver chamber was loaded with phosphate buffer pH
7.4 at 37°C £+ 0.5°C. The tissue was then placed on the receptor
compartment diagonally. 1 ml of DUFLNS, 1 g each of DUFLGS
and DCGS was loaded over the skin membrane separately and
agitated with the magnetic stirrer at a rate of 50 rpm. The sample
of 1 ml each is withdrawn from the receptor section and replaced
with an equal quantity of phosphate buffer at pH 7.4 is required
to keep the sink state at a prescribed time. The 12 hours were
allocated to the investigation to measure the absorbance and a
UV spectrophotometer was used at 268 nm. After the permeation
study, the diffusion cell’s skin was removed, and it was
thoroughly cleaned with ethanol: phosphate buffer pH 7.4 (1:1),
and water to eliminate the excess drug. The tissue was detached,
homogenized in ethanol: phosphate buffer (1:1), and left at room
temperature until 6 hours without any disturbance. After that, it
was centrifugation at 5,000 rpm for 5 minutes to determine the
diosmin content using a UV spectrophotometer [33].

Investigation of drug release-in vitro

A modified Franz diffusion cell was used in an in vitro
drug release investigation to ascertain the extent and duration
of drug release integrated into the DUFLNS, DUFLGS, and
DCGS. In 7.4 pH phosphate buffer, a dialysis membrane was
preserved for 24 hours before use. The receptor compartment
was kept at a temperature of 37°C with a 7.4 pH phosphate buffer
solution. Between the donor and receiver sections, the dialysis
membrane was attached, and 1 ml of optimized DUFLNS and
1 g each of DUFLGS and DCGS were placed over the dialysis
membrane employing a magnetic stirrer and stirring at a rate
of 50 rpm. At predetermined intervals, 1 ml from each sample
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was taken from the sample cell while maintaining the sink
state. Samples are taken at multiple time points, such as 0.5,
1,2,4, 6,8, and 12 hours to capture the drug release behavior
adequately. The absorbance at 268 nm was measured during the
study’s 12-hour duration [34]. To understand the mechanism of
drug release, a kinetic study was carried out by using selected
models. The R? and K values obtained from the various models
were used to select the model that suited the data the best.
Diffusion exponent was also used in mathematical models to
describe the rate at which a vesicles spreads or diffuses through
a medium. It is commonly used in the context of Fick’s law of
diffusion, which describes the diffusion of a substance from an
area of high concentration to an area of low concentration [35].

Statistical analysis

Each evaluation parameter was carried out in
triplicates. The statistical evaluations were performed using
correlation coefficients (R?) with suitable standard deviations.

RESULTS

Molecular docking studies

When diosmin was docked against the crystal structure
of human NIK the score was —8.507. There are four hydrogen
bond interactions were observed between LEU471, ASP519,
ARG408, and GLY407 with different phenolic and alcoholic —
OH groups of diosmin. A metal coordination was seen between
phenolic -OH and Mg?* ion as shown in Figure 1. NF-«B is
activated by extracellular stimuli including proinflammatory
cytokines, mitogens, DNA-damaging agents, and microbial
agents. Based on the docking score, diosmin is believed to
show good interaction and binding affinity for NIK. Hence, the
drug was considered to be an effective therapeutic moiety in the
treatment of varicose veins.

Design of experiments

DUFLNS prepared as per the requirements provided
by the Design-Expert® software (Version 11.0.3.0 64-bit, Stat-
Ease Inc. Minneapolis, MN) using central composite designs,
and accordingly, 25 batches were prepared based on different
concentrations of lipids and surfactants (Table 2). The PS
(120.35-340.16 nm), PDI (0.286-0.926), and ZP (-12.8 to
—32.7 mV) measurement showed significant variations in all the
trials. (Fig. 2a—c) Equations (1)—(3) show the central composite
design model generated after completing ANOVA analysis for
the most significant factors as well as interactions in each of the
three responses. The positive mark shows a linear relationship
between the response and the factor, whereas the negative sign
shows an inverse relationship.

PS=+184.71 + 31.19*A + 17.68*B + 10.05*C +

8.31*D (1)
PDI = +0.5420 + 0.1072*A + 0.0576*B + 0.0300*C +
0.0340*D (2)
ZP=-23.10 — 1.85*A — 0.9308*B — 3.00*C +
0.2708*D (3)

A, B, C, and D stand for the coded values for soya
lecithin, cholesterol, Tween 80, and sodium deoxycholate,
correspondingly.

Optimization

The model generated for PS was significant as its F
value was 2.95 and that had a p-value of less than 0.05. The value
separated by adjusted (R? 0.2457) and the predicted (R? 0.0234)
model R-squared value was <0.2 indicating reasonable agreement
between the two. As shown in Equation (1), there was a major
effect of the amount of soya lecithin and cholesterol on the
PS. It was determined that the model created for the PDI was
relevant as it had a p-value of <0.05 and the F-value was found
to be 2.87. The adjusted (R*> 0.2379) and predicted (R*> 0.0207)
model R-squared values were found to differ by less than 0.2,
demonstrating that there is some degree of agreement between
the two. The size distribution was significantly impacted by
the soy lecithin and cholesterol content of the ultra-flexible
liposomes, as shown in Equation (2). The model generated for
the ZP was found to be significant as it had a p-value of <0.05
and an F value of 3.43. The variation seen between the adjusted
(R?0.2964) and the predicted (R? 0.0727) model R-squared value
was found to be less than 0.2, suggesting a fair understanding
between the two. The amount of soya lecithin and cholesterol
had a major effect on the ZP as shown in Equation (3). The ZP
of the optimized DUFLNS was confirmed to be —24 mV, and the
PS was 144.56 nm with a size distribution (PDI) of 0.397. The
percentage deviation range between observed and expected was
determined and shown in Table 3.

Characterization of optimized DUFLNS

Morphology, average PS, ZP, and PDI

The optimized DUFLNS was found to be a milky
suspension due to refraction and reflection of light without any
phase separation. The PS of the DUFLNS was observed using
a Malvern Zeta sizer depending on the fundamentals of the

4G3D - minimized - Diosmin

Figure 1. Docking study of diosmin.
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Table 2. Experimental design and the observed response.

Factor 1 Factor 2 Factor 3 Factor 4 Response 1 Response 2 Response 3
A: B: C: D: PS 7P
Std Run Soya Lecithin Cholesterol Tween 80 Sodium deoxycholate PDI
pmol pmol pmol pmol nm mV
11 1 -1 1 -1 1 155.37 0.482 -12.2
23 2 0 -2 124.55 0.321 —25.88
22 3 0 0 0 135.22 0.372 —26.8
1 4 -1 -1 -1 -1 160.89 0.399 -16
4 5 1 1 -1 -1 217.28 0.795 -15.8
7 6 -1 1 1 -1 153.44 0.426 -26.5
5 7 -1 -1 1 -1 165.35 0.452 —23.7
12 8 1 1 -1 1 312.75 0.916 -20.7
9 9 -1 -1 -1 1 163.72 0.423 -14.6
16 10 1 1 1 1 340.16 0.987 -30.5
6 11 1 -1 1 -1 180.71 0.663 —24.5
10 12 1 -1 -1 1 167.37 0.666 —20.1
25 13 0 0 120.35 0.286 —25.66
20 14 0 2 0 165.83 0.411 —24.98
2 15 1 -1 -1 -1 207.19 0.576 -18.7
15 16 -1 1 1 1 186.48 0.739 —27.3
24 17 0 0 0 2 130.32 0.331 -26.13
17 18 2 0 0 142.79 0.408 —24.75
8 19 1 1 1 -1 320.36 0.926 -32.7
18 20 2 0 0 0 170.38 0.412 255
13 21 -1 -1 1 1 167.27 0.431 -12.6
19 22 0 -2 0 0 140.26 0.356 —25.11
21 23 0 0 -2 0 129.29 0.389 -27.1
3 24 -1 1 -1 -1 180.23 0.498 -18.4
14 25 1 -1 1 1 280.29 0.886 -31.3

technique of dynamic light scattering. The PS and PDI were
found to be 144.56 £ 5.21 nm and 0.397 £ 0.13 signifies narrow
range vesicle size distribution whereas ZP was observed to be
—24.5 + 0.95 mV indicating reasonable repulsive force and
better stability of the formulated suspension.

Entrapment efficiency

The EE study is useful to evaluate the percentage of
drugs present in the phospholipids layer in the ultra-flexible
formulation. The EE of the DUFLNS was found to be 84.09%
+ 0.4%. The drug loading for the DUFLNS was found to be
8.7% £ 0.5% and was considered to be effective in showing
pharmacokinetic and therapeutic efficacy in nanosuspensions.

FTIR study

The interactions were determined using FTIR
spectroscopy that is likely to occur between diosmin and other
constituents of the ultra-flexible liposomes. By comparing the
FTIR spectra, the changes in specific diosmin molecule regions
were observed due to the interaction with phospholipids. In the
optimized formulation, the change from 3,500 to 3,300 cm™' in
the stretching frequency of the phenolic O—H of diosmin was

examined. The optimized formulation retained all the peaks that
were observed in the excipients [36].

DSC study

Itisawell-established method to investigate the thermal
behavior approach to explain the complex shape of solid-state
matter. DSC thermal analysis was studied for soya lecithin,
cholesterol, sodium deoxycholate, diosmin, and DUFLNS. The
pure diosmin displayed a broad endothermic peak at 298.69°C,
analogous to its melting point. Generally, the crystalline nature
of the phytoconstituents due to their improper size distribution
in crystallinity and also by the loss of water molecules shows a
broadening of melting point [37]. Soya lecithin displayed a peak
at 183.85°C, and cholesterol and sodium deoxycholate showed
an endothermal peak at 139.35°C and 208.73°C, respectively.
Furthermore, DUFLNS thermal analysis Figure 3 displayed a
wide endothermal peak at 124.76°C.

Transmission electron microscopy

The TEM image of the DUFLNS is shown in Figure 4.
TEM studies exhibited a good morphological character related
to their size as well as shape. Images revealed that the ultra-
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Table 3. Selected solutions and the % error between the predicted and the observed values.

Factors Responses
A B C PS PDI VA4
Predicted
-0.776 -1.000 0.999 —-1.000 144.567 0.397 —24.000
Observed
98.60 0.368 —24.5
Relative error (%) 31.79 7.30 2.08

DSC
mw
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Figure 3. DSC thermogram of DUFLNS.

flexible liposomes were smooth, rounded edges with sub-
micron distribution and nanosized size range below 200 nm.

AFM

The AFM image of the DUFLNS is depicted in
Figure 5. The AFM scan revealed distinct, well-formed vesicles.
When the sample was mounted on a glass slide, it formed
vesicular nanostructures with no evidence of aggregation or

decomposition owing to its electrostatic repulsive stability.
This was determined by ZP measurements, indicating improved
suspension stability [38].

Turbidity measurement

The number of vesicles that could be present in the
suspension was directly determined by the turbidity value of
DUFLNS, which was found to be 25.6 = 0.004 NTU. Therefore,
turbidity is proportional to the amount of surfactant in the
colloidal suspension [39].

Evaluation of DUFLGS and DCGS

Measurement of pH

The pH measurement is an essential parameter for
topical formulations. If the pH varies from the normal skin
pH condition, it may irritate the skin. The pH of DUFLGS and
DCGS was found to be 5.13 and 5.46, respectively. Both gel’s
pH levels were determined to be between 4 and 6, which is
much more in line with the skin’s pH [40].

Viscosity study

The viscosity of preparation is an important
rheological characteristic that affects its physical as well as
mechanical properties, such as consistency and spreadability
[41]. The viscosity of the DUFLGS and DCGS was determined
at different speeds of 5, 10, 20, 50, and 100 rpm using a
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16 um

Figure 4. TEM of DUFLNS.

Brookfield viscometer having Spindle No. F96. The viscosity of
DUFLGS was found to be in the range of 59-722 cps, whereas
DCGS was found to be 57-1,084 cps.

Spreadability

The spreadability of the gel is crucial in the application;
if it is poor, the drug’s residence time on the skin is hampered,
resulting in low bioavailability. The ability to spread DUFLGS
was found to be 15.45 g/cm/second, whereas DCGS was found
to be 16.12 g/cm/second. The experimental process indicates
that the shorter it takes to separate the two slides, the better the
spreadability nature of the formulated gel [40].

Drug content

The drug content uniformity for a semi-solid
preparation is essential for confirming the homogeneity of the
drug dispersed throughout the formulation. The drug content
of DUFLGS was found to be 85.33% + 12%, whereas DCGS
was found to be 84.76% + 11% (n = 3). The analysis of the drug
concentration revealed that the drug was evenly dispersed all
across the gel [42].

Degree of deformability

A distinctive property associated with ultra-
flexible vesicles is their deformability, rendering the carrier a
possible system for the delivery of topical medications [43].
The deformability of DUFLGS was found to be 95.5 + 0.14
suggesting that the deformable vesicles regained their size after
extrusion whereas the deformability of DCGS was found to be
10.60 + 0.45, indicating DCGS are quite rigid (n = 3) [44].

In vitro skin permeation, deposition study, and release study

The investigations on in vitro skin penetration were
carried out on goat abdominal skin as it bears a resemblance
to the human epithelium and also exhibits a similar absorption
pattern. Based on the results, the plot of time (hour) against
the cumulative percentage drug permeation rate (ug cm?) was
reported (n = 3). At the end of 12 hours, it was found that
the cumulative amount of drug permeation of DUFLNS was

Figure 5. AFM of DUFLNS.

higher than DUFLGS and DCGS. The cumulative amount
permeation of DUFLNS was found to be 900 + 0.14 pg cm?,
whereas DUFLGS had 795 + 0.18 ug cm? and DCGS had 500
+ 13 pg cm? in 12 hours. The result clearly shows the impact of
deformability in DUFLNS and DUFLGS; however, DUFLGS
was better because of better residence time at the site [43].
The results of DUFLNS, DUFLGS, and DCGS showed skin
retention values of 55.5% + 13%, 83.44% =+ 12%, and 66.39%
+ 14%, respectively (n = 3). The outcomes of the in vitro release
study demonstrated that the drug release of DUFLGS was
found to be 85.14% = 12% and in a sustained manner, whereas
DUFLNS and DCGS had burst and quick release of 62.37%
+ 14% and 44.84% + 12%, respectively, in 12 hours (n = 3)
(Fig. 6B). In the conventional gel of diosmin, initially, there
was a burst effect during the first 6 hours most likely due to the
free drug present in the formulation.

In vitro drug release kinetics

The drug release kinetics was examined using
four models, i.e., zero, first order, Higuchi, and Korsmeyer-
peppas model in the ability to forecast the drug release kinetic
mechanism [45]. The slope of appropriate plots was used
to estimate the release kinetics, and the regression analysis
(R?) was calculated. The in vitro drug release of DUFLNS,
DUFLGS, and DCGS was best described by the Higuchi model
as the plots displayed the maximum linearity. According to the
Higuchi model, the release from the optimized formulation
followed a diffusion-controlled mechanism. The values of the
regression coefficient (R?), i.e., 0.992 for DUFLNS, 0.997 for
DUFLGS, and 0.984 for DCGS, prove that the release of the
drug was essentially independent of the drug’s concentration.
The value of “n” was found to be —0.144 for DUFLNS, -0.19
for DUFLGS, and 0.984 for DCGS (Table 4). The value of “n”
indicates the release mechanism from the formulation and helps
understand the drug release kinetics. A value of “n” between
0.45 and 0.89 suggests a Fickian (case I) release mechanism,
while a value between 0.89 and 1.0 indicates an anomalous
(non-Fickian) transport. If the value of “n” is 0.45, it suggests a
case Il transport mechanism. Hence, the optimized formulation
follows the case II transport mechanism [35].
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Table 4. Mathematical model of drug release.

Formulation Model R? K n
DUFLNS Zero order 0.929 —-0.093 -
First order 0.956 —0.043 -
Higuchi 0.992 2.051 -
Korsemeyer-Peppas 0.968 0.672 -0.144
DUFLGS Zero order 0.977 -0.114 -
First order 0.952 —-0.049 -
Higuchi 0.997 2.581 -
Korsemeyer-Peppas 0.988 0.727 -0.19
DCGS Zero order 0.052 0.031 -
First order 0.006 -0.004 -
Higuchi 0.984 4.447 -
Korsemeyer-Peppas 0.113 —-0.506 2.138
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Figure 6. (A) Ex vivo permeation study. (B) /n vitro drug release study of
DUFLNS, DUFGS, DCGS.

DISCUSSION

Inthe present investigation, a lipid nanosuspension was
included in a carbopol gel base to develop an ultra-flexible lipid
gel system. Jelly bases tend to be used in topical applications
since the formulation needs to stay on the skin for an extended
period. The anti-inflammatory properties of the drug diosmin
were showcased based on the docking score, diosmin is believed
to show significant inhibition of proactive cytokines such as
TNF-a and IL-6 by interacting and high affinity binding with
NIK which is responsible for inflammation and pain in varicose
vein condition [46]. Hence, the docking study demonstrates the
drug’s therapeutic efficiency in the treatment of varicose veins.
Designing an optimal formulation was made possible by DoE
studies that took account of a central composite model for all
three variables of PS, PDI, and ZP. The ultra-flexible smaller
PS of less than 200 nm is responsible for the deeper penetration
through skin follicles and drugs retain for a longer time into a
follicular reservoir. The better EE of the drug could be due to
the higher affinity of the drug miscibility in stable phospholipid
layers [47]. In the FTIR study, the changes in the formulation
peak could result from weak intermolecular interactions formed
during the development of DUFLNS. The DSC thermogram
of the drug and other excipients for the formulations denotes
the change from a gel to a liquid-crystalline state in terms of
physical state, and the carbon group in the phospholipid may

have possibly led to another different arrangement in atoms or
crystal changes. In the formulation of DUFLNS, the shifting
of the peak toward lower temperatures may be attributed to the
formulation’s improved solubility and decreased hydrophobicity
due to decreased crystallinity of the drug. This may be due to
the drug-phospholipid interaction that is created when diosmin
combines with the long hydrocarbon chain tails of phospholipid
molecules [48]. The surface morphology through TEM and
AFM of the DUFLNS was analyzed and interpreted, due to
the lesser the particles, which can cross the subcutaneous layer
of the skin without any external influence and reach the target
through the shunt pathway possessed by sweat glands. The
DUFLGS formulation met scrutiny in terms of pH, viscosity,
and spreadability, these are the essential characteristics of
any semi-solid preparation for effective drug delivery. The
incorporation of the surfactant sodium deoxycholate contributes
to the degree of deformability of DUFLGS; it facilitates the
squeezing of the lipid bilayers without breaking or losing the
drug, thus enabling DUFLGS to penetrate the stratum corneum
by altering its intercellular lipids and increasing fluidity. The
result of the skin retention study indicates a significant amount
of gel retained on the skin membrane due to the presence of
an edge activator. Therefore, it acts as a depot and is released
in a controlled manner [49]. The results of the in vitro release
studies demonstrated the importance of the emulsifier and
edge activator as well as improved drug partitioning in the
formulations (DUFLGS and DUFLNS). The sustained delivery
of the DUFLGS is due to the adaptability of the ultra-flexible
liposomes, thereby the penetration is enhanced [50].

Therefore, the study offers information on the
formulation characteristics of topical, second-generation
liposomes in the form of an ultra-flexible lipid gel. The outcome
demonstrated greater diosmin permeability with extended
release from the gel system, which can be effectively employed
for varicose vein treatment.

CONCLUSION

The current study’s objectives were to develop and
assess an ultra-flexible diosmin-loaded topical gel to treat
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varicose veins. The study serves as the first topical application
to treat varicose veins wherein an in-silico analysis that verifies
the drug diosmin’s potential interaction with NF-«B initiating
kinase receptor binding demonstrated the drug’s potential. The
in vitro results were quite encouraging for permeation and the
release of the disomin from ultra-flexible lipid base gel and
in vivo study can be acted upon to justify further the novelty
of the preparation. Due to several advantages associated with
the topical route, an in-depth study has been conducted during
the last few years on the advancement of topical drug delivery.
For the treatment of varicose veins, either surgical procedures
or parenteral drug delivery is employed. Hence, to minimize
pain and improve patient compliance, the ultra-flexible gel of
diosmin was successfully developed to treat varicose veins.
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