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Abstract

Background: Wound healing is a process that restores and regenerates the injured tissues. Polyphenols 
(Hesperidin) show wound healing properties, but their effective topical application for skin wound healing is 
challenging due to issues with low loading capacity and delivery efficiency. Ethosomes (lipid-based vesicles) 
have overcome such problems and emerged as a promising delivery system for improving drug encapsulation and 
penetration through the skin. Materials and Methods: Hesperidin-loaded ethosomes were formulated with 30% 
ethanol and analyzed for particle size and shape, encapsulation efficiency, and surface charge. Ethosomes gel was 
then formulated with 1% w/v Carbopol 934K. Further Hesperidin-loaded ethosomal gel was evaluated for various 
parameters such as organoleptic properties, pH, viscosity, and skin permeation. An in-vitro wound healing assay 
was performed to assess the angiogenic properties of Hesperidin-loaded ethosomal gel along with its comparison 
with pure Hesperidin. Results: The formulated ethosomes were found to have a spherical shape, a vesicle size of 
417.9 nm, an entrapment efficiency of 87.32%, and a surface charge of −26.62 mV. The ethosomal gel showed 
an optimal pH of 5.7, good spreadability, and a release of 86.21%. It has shown stability over 60 days. In-vitro 
assay revealed that both Hesperidin-loaded ethosomal gel and powder exhibited angiogenic effects, significantly 
promoting angiogenesis in HaCaT cells over time. Conclusion: The development of Hesperidin-loaded ethosomal 
gel has successive delivery and addressed the challenges of high loading capacity and effective skin permeation. 
The results suggest that Hesperidin-loaded ethosomal gel is an effective method for enhancing wound healing 
through improved delivery.
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INTRODUCTION

It is well acknowledged that skin injuries are 
among the most common type of physical 
harm. People who are receiving radiation 

treatment or have diabetes often get persistent 
wounds that heal slowly.[1] The formation 
of clots, inflammation, proliferation, and 
remodeling are all part of the wound healing 
process. The body releases the growth factor to 
accelerate the healing process, which stimulates 
platelets to form a clot and initiates hemostasis 
to stop bleeding.[2,3] To remove injured tissue, 
neutrophils produce protease, and antimicrobial 
compounds as part of an inflammatory response 
that follows. Macrophages, which are essential 
for phagocytizing germs, dead neutrophils, 
and injured tissues, develop from monocytes 
around 3 days after injury.[4,5] Furthermore, 
macrophages aid in angiogenesis and the 
formation of vascularized connective tissue, 
leading to wound closure.[6] The remodeling 

phase begins during proliferation and continues for a long 
period. Due to their physical properties, such as swelling and 
biodegradability, hydrogels possess many ideal qualities for 
wound dressings.

Drug therapy has been employed to enhance scaffold efficacy 
in promoting neural function recovery.[7] Hesperidin, a 
natural bioflavonoid found abundantly in citrus fruits such 
as sweet oranges and lemons, has been noted for its broad 
pharmacological properties, including anti-inflammatory, 
antioxidant, antimicrobial, and anticancer effects, as well 
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as its potential in treating neurodegenerative diseases.[5,8] 
Herbal medications often face issues with their therapeutic 
potential due to the larger size of bioactive particles, which 
hampers their ability to cross lipid membranes and raises 
solubility concerns.[9,10] These factors negatively impact 
drug bioavailability. Transforming conventional doses of 
Hesperidin into nanoformulations through nanotechnology 
provides several benefits, such as enhanced solubility, 
bioavailability, permeability, stability, and therapeutic 
outcomes.

Transdermal or intradermal drug administration can bypass 
systemic constraints like first-pass metabolism in the lungs, 
liver, or gastrointestinal tract, ensuring the drug reaches its target 
more effectively.[11,12] This method offers several advantages 
by delivering the drug through the skin at a controlled rate 
via passive diffusion, optimizing systemic effects. To achieve 
this, drugs are encapsulated in “skin-friendly” nano vectors, 
often using lipid-based vesicular systems.[13,14] Ethosomes, 
the latest innovative, non-invasive, passive carriers for lipid-
based systems, exhibit promising characteristics. These soft, 
flexible phospholipid vesicles are designed for improved 
drug delivery, consisting of multiple concentric layers of 
phospholipid, water, and a high concentration of ethanol.[15] 
Ethosomes enhance drug penetration through the stratum 
corneum barrier, reaching deeper skin layers compared 
to liposomal methods. The ethanol’s effect on the stratum 
corneum, combined with the vesicle’s deformability and 
permeability, facilitates this enhanced penetration. The fluidity 
of ethanol and lipid molecules in the polar head region further 
increases membrane permeability. Therefore, ethosomes are 
regarded as superior carriers for transdermal drug delivery 
systems due to their unique characteristics.[16,17]

Quality by design is a robust method for optimizing 
pharmaceutical nanoformulations using analysis of variance 
(ANOVA) or one-way assessment of variance statistics 
to design studies and interpret variable effects.[18,19] The 
objective of this study was to improve the drug release by 
incorporating Hesperidin into ethosomal gel, comparing the 
outcomes to various experimental doses, and to determine the 
best optimum formula for testing the wound healing activity.

MATERIALS AND METHODS

Hesperidin was bought from Yarrow Chem, Mumbai, India. 
Central Drug House (P) Ltd., Delhi, India, supplied soya 
lecithin, cholesterol, propylene glycol (PG), iso-propylene 
alcohol, and carbopol-934 was provided by Chemdyes 
Corporation, Gujarat, India. Analytical-grade chemicals and 
double-distilled water were used throughout the experiments. 
The HaCaT (Huma Skin Keratinocytes) were purchased 
from NCCS, Pune, India. The cells were kept in a CO2 
incubator at 37°C with 5% CO2, 18–20% O2, high glucose 
medium supplemented with 10% fasting blood sugar, 2 mM 
glutamine, and 1% antibiotic-antimycotic solution. The cells 

were subcultured every 2 days. For this study, HaCaT cells 
with a passage number of 72 were used.

Preformulation and physicochemical 
characterization

Characterization of hesperidin

It is essential to be aware of the drug’s various physiochemical 
characteristics (preformulation study) before developing any 
dosage form, which helps the formulator in developing an 
attractive, reliable, potent, and secure dosage form.[20,21]

Melting point (MP) determination

A digital MP instrument (model number BTL.40, Navyug, 
India) was used with the capillary for the determination of the 
MP of Hesperidin.[22]

Fourier transform infrared spectroscopy (FT-IR) 
analysis

FTIR analysis was performed to identify the active functional 
groups in the drug by using an attenuated total reflectance 
(ATR)-FTIR spectrophotometer (Shimadzu IR-Sprit-T).[23,24]

Formulation of ethosomes incorporated with 
hesperidin

The ethosomes loaded with Hesperidin were formulated by 
using the approach outlined by Touitou et al.[25] As shown in 
Table 1, all required ingredients were weighed in different 

Table 1: Composition and response in CCD 
for ethosomal gel by two independent variable 

optimizations using design expert software
Run Independent variable Dependent variable

Amt. of 
soya 

lecithin (mg)

Amt. of 
ethanol 

(mL)

Particle 
size 
(nm)

Entrapment 
efficiency 

(%)
1 400.00 (high) 25.00 463.25 65.32

2 137.00 25.00 295.35 63.85

3 100.00 (low) 10.00 (low) 280.77 55.82

4 250.00 25.00 358.85 75.25

5 250.00 25.00 375.36 76.65

6 400.00 10.00 485.5 63.35

7 250.00 25.00 365.5 79.35

8 300.00 30.00 417.9 87.32

9 250.00 40.00 401.32 80.24

10 400.00 40.00 (high) 465.35 70.25

11 250.00 25.00 375.25 78.35

12 100.00 40.00 250.89 59.32

13 250.00 10.00 381.2 79.35
CCD: Central composite design
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concentrations to prepare the ethosomal formulation. Initially, 
Hesperidin and soy lecithin were mixed with ethanol and 
PG. The mixture was kept in a water bath at 30°C, and then 
distilled water was added to the mixture while continuously 
stirring at 700 revolutions per minute in a sealed jar using a 
magnetic stirrer (Remi Equipment, Mumbai). The resulting 
solution was maintained at 4°C. Next, sonication was 
performed 3 times using a probe sonicator, each lasting 
approximately 5 min with a 5-min interval between each 
session.[26] Each formulation was visually inspected for 
homogeneity, ensuring no precipitation or phase separation 
occurred. The most suitable formulation was then subjected 
to detailed analysis.[27]

Experimental design

Design expert software (DES) was used statistically to 
analyze the experimental design. The response surface design 
that was most often employed was central composite design 
(CCD). As shown in Table 1, the amount of soya lecithin 
and ethanol were chosen as independent variables with two 
levels. Using the 2–2 design for ethosome optimization, the 
effects of independent components, such as lecithin (X1), 
and ethanol (X2), on dependent variables, such as particle 
size (PS), and entrapment efficiency (EE), were examined. 
The goal was to maximize EE by optimizing the independent 
factors. To evaluate the significant model, an ANOVA model 
was used.

Characterization of ethosomes

Vesicle size, zeta potential (ZP), and polydispersity 
index (PDI) analysis

The Malvern Zetasizer (Nano ZS, Malvern, UK) was used in 
the dynamic light scattering (DLS) technique to estimate the 
vesicle’s size, ZP, and PDI.[28,29]

FTIR analysis and morphological study of 
ethosomes-loaded hesperidin

The ethosomes were analyzed using ATR-FTIR, as mentioned 
above. Transmission electron spectroscopy (TEM) (Talos 
L120C TEM) was used to evaluate the morphology of the 
formulation by utilizing a ×9,000 and 200 kV magnifiers.[30]

EE determination

EE is the total amount of drug contained in formulation 
vesicles. To separate the unentrapped drug, a cooling 
centrifuge running at 16,000 rpm at 4°C was used.[31] The 
supernatants were diluted with distilled water (10 mL, 
3 min).[32]

Amt. of incorporated drug –  
Amt. of free drug presentEE 100
Amount of incorporated drug

= ×

Statistical analysis

The outcomes were expressed as mean ± standard deviation, 
and measurements were made in triplicate. For every response 
factor, including interactions and quadratics, multiple linear 
regression analysis generates polynomial models. Interaction 
coefficients were calculated and equations were generated 
to examine how each variable affected the formulation’s 
characteristics. A variance analysis was carried out in order 
to verify the model. With DES, three-dimensional response 
graphs were produced.[33]

Characterization of ethosomal gel

Estimation of pH, viscosity, spreadability, and 
extrudability

A digital pH meter was used to determine composition.[34] By 
submerging a Brookfield viscometer (LVDV-II pro) spindle 
of S-96 at different rpm (10, 15, and 20) for various 
periods at the lower, medium, and higher case into a beaker 
containing ethosomal gel, the viscosity of the formulation 
was determined.[35]

To test the spreadability of the gel, 1 g of ethosomal gel was 
weighed and placed between two 8 cm long glass slides. 
The weight at which the glass slide shifted out of place 
was identified by attaching different weights to the pulley. 
The time required for the gel to reach the bottom slide and 
to move the top slide was also noted. After completing 
three measurements, the readings were calculated using the 
following formula:

S M
L

T
=

Where, S = Spreadability of ethosomal gel; M = Weight (g) 
tide to upper slide; L = Distance (cm) moved by slide; and 
T = Time taken by upper slide to move downwards.

After 20 g of prepared ethosomal gel was placed into tubes 
(collapsible tubes), pressure was applied, extrudability 
resulted. To stop the medicament from flowing backward, 
a clamp was attached to the tube. After opening the tube, 
the quantity of gel was calculated and recorded that kept 
extruding until the pressure persisted.

In-vitro drug release

To perform the in vitro permeation assessment investigation, 
an egg membrane equipped with a modified Franz diffusion 
cell was used. For this investigation, a pH 6.8 phosphate 
buffer saline was used. The formulation, which is comparable 
to 2.5 mg of medication, was applied onto the skin (upper 
side of the skin). A consistent 37 ± 2°C temperature was 
maintained during the assembly. Using sampling tubes, the 
samples were taken from receptor media once an hour, and 



Bhati, et al.: Hesperidin Ethosomal Gel for Wound Healing

Asian Journal of Pharmaceutics • Apr-Jun 2025 • 19 (2) | 808

add equivalent amount of fresh receptor media was used at the 
same time to generate skin condition. Using an appropriate 
blank, the solutions were measured at 286 nm using a UV 
spectrophotometer (Shimadzu-1,800). Each formulation 
went through a similar procedure, and at the conclusion, a 
graph was made showing the relationship between time and 
the total drug release percentage. Each ethosomal formulation 
had three runs of the experiment, and the findings were given 
as mean ± SD.[35,36]

In-vitro wound healing assay

Wound healing assay was performed on normal human 
keratinocyte (HaCaT) cells. A broad range of experimental 
settings, such as gene knockdown or chemical exposure, have 
been studied in relation to the migration and proliferation of 
mammalian cells using the scratch wound healing assay. To 
perform a wound healing assay, place the cell at a density of 
0.25 million per well in a 12-well tissue culture plate, and 
let them a day to grow to 80–100% confluence. Scratch the 
monolayer using a new 200 µL pipette tip without changing 
the medium, and ensure the tip is perpendicular to the well 
bottom to create a consistent gap. In each well, scratch 
another line perpendicular to the first to develop a cross and 
wash it twice with medium to remove detached cells. Treat 
the cells with desired concentrations of test compounds and 
incubate at 37°C with 5% CO₂. Include untreated cells as a 
control. Continue incubation for 72 h or the required duration 
for different cell types. Capture images at adequate intervals 
(e.g., 0, 24, 48, and 72 h) using consistent microscope 
settings. Quantify the gap distance using software like Image 
J, ensuring multiple views of each well are documented, and 
experiments are repeated to reduce variability.[37,38]

%of Wound

HealingScored
Initialarea Finalarea

Initialarea
=

−( )
×1000

RESULTS

Preformulation studies

MP

The MP of Hesperidin was recorded to be 260.3°C; at this 
temperature, the drug has started to decompose.

FTIR analysis

Table 2 provides the spectrum interpretation for each sample. 
The main peaks in the hesperidin-loaded ethosomal system 
were nearly identical to those in the pure drug, suggesting 
that there was no significant interaction between the drug 
and the other excipients in the distributed system. Figure 1 
displays the FTIR spectra of the pure drug. The peak 
observed at 3723.34 and 3412.10 cm⁻¹ corresponds to O–H 

stretching vibration. The peak at 2516.42 and 3942.49 cm−1 
demonstrates the presence of C-H stretching, the peak at 
1631.12 cm−1 shows C=O stretching, and 1399.42 cm−1 
shows C-O stretching in the sample.

Visualization of ethosomal vesicles

Determination of PS, ZP, and PDI

Based on DLS, the PS was estimated. Table 3 presents the 
results for both PS and PDI. The PS of the prepared ethosomal 
formulation was found to be 280.77–485.5 nm, and PDI was 
in the range of 0.324–0.613, with an optimal PS and PDI of 
417.9 nm and 0.459, respectively [Figure 2]. On the other 
hand, formulation F10 shows the highest values for PDI and 
PS, which are 465.35 and 0.613, respectively. The vesicle’s 
size is particularly important when it comes to the topical 
delivery of drugs. The study revealed that there is an abrupt 
increase in the formulation’s PS when the concentrations of 
soya lecithin are raised over 300 mg. Thus, it can be inferred 
from the previous statement that changing the ratio of lipid 
to ethanol affects the formulation’s physical characteristics 
in one way or another. Furthermore, the rate at which the 
formulation penetrates the skin can be influenced by the 
size of the particles and the quantity of ethanol. The smaller 

Table 2: Spectral interpretation of hesperidin through 
FTIR spectroscopy

S. 
No.

Frequency 
(cm−1)

Frequency of 
reference (cm−1)

Assignment

1 3723.34 3,800–3,000 O‑H (stretching)

3412.10

2 2516.42 3,300–2,500 C‑H (stretching)

2924.49

3. 1631.12 1,700–1,630 C=O (stretching)

4. 1399.42 1,400–1,000 C‑O (stretching)
FTIR: Fourier transform infrared spectroscopy

Figure 1: Fourier transform infrared spectroscopy spectrum 
of hesperidin
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the size of the vesicle, the more effectively it penetrates 
the content into underlying layers of the skin. Based on the 
above-mentioned results, formulation F8 demonstrated an 
optimal PS of about 417.9 nm, indicating great suitability for 
topical administration.

The stability of the ethosomal formulation is assessed using the 
ZP. Table 3 lists the ZP values, which ranged from −11.6 to −35.6 
mV. ZP has a maximum value represented by F6, which is −35.6 
mV, and a minimum value represented by F4, which is about −13.6 
mV [Figure 3]. Formulations F1, F2, and F3 showed no significant 
change in the ZP values, that is −18.6, −17.9, and −18.5.

Experimental design and optimization of 
ethosomal formulation

Phospholipid and ethanol were chosen as independent 
variables, while PS and EE were examined as dependent 

variables. CCD was utilized to study these factors at two 
levels. Table 1 shows the formulations prepared in 13 batches, 
along with the summaries of their responses.

Effect of variables on PS
In order to determine a connection between the various 
analyzed responses and the investigated variables, data were 
processed to fit complete second-order cubic or quadratic 
polynomial equations with extra interaction components. 
The plots in [Figure 4a] depicted that an optimum level of 
lecithin and an increased level of ethanol have a favorable 
impact on the size of particles. PS was shown to rise with 

Table 3: EE, PS, PDI, and ZP of prepared 
ethosomal formulation

Code EE (%) PS (nm) PDI ZP
F1 65.32 463.25 0.482 −18.6

F2 63.85 295.35 0.324 −17.9

F3 55.82 280.77 0.525 −18.5

F4 75.25 358.85 0.542 −13.6

F5 76.65 375.36 0.447 −13.9

F6 63.35 485.5 0.336 −35.6

F7 79.35 365.5 0.403 −20.19

F8 87.32 417.9 0.4595 −28.62

F9 80.24 401.32 0.459 −18.9

F10 70.25 465.35 0.342 −13.7

F11 78.35 375.25 0.497 −15.4

F12 59.32 250.89 0.613 −14.6

F13 79.35 381.2 0.432 −15.8
EE: Entrapment efficiency, PS: Particle size, PDI: Polydispersity 
index, ZP: Zeta potential

Figure 2: Size of optimized formulation

Figure 3: Zeta potential of optimized formulation
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soya lecithin content while maintaining a fixed ethanol 
concentration.

The quadratic equation generated by the software is:

PS = + 376.56 + 96.10 * A + 1.34 * B

The model terms were significant, as shown by the ANOVA 
results with P < 0.0001. The model is likely significant 
based on its F-value of 167.05. The adjusted determination 
coefficient (R2) was 0.9651, and the predicted determination 
coefficient (R2) was 0.9492. At a signalto-–noise ratio of 
21.877, the signal is sufficient.

Effect of variables on EE
The 3D figure demonstrated a clear correlation between 
the drug’s EE and phospholipid and ethanol concentration 
[Figure 4b]. Equation (2) shows the final mathematical 
model for EE, based on coded parameters calculated by DES.

EE = + 78.80 + 5.25 * A + 2.31 * B + 1.06* A * B −18.13* 
A2 +1.49 *B2

Table 4 demonstrates that the EE of linear and quadratic 
models has significant P-values. The ANOVA results 
demonstrated P < 0.0010, indicating that the model terms 
are significant. The F-value of 16.03 implies the model is 
significant. The signal-to-noise ratio of 11.048 indicates an 
adequate signal.

Desirability function
The current study showed PS ranging from 280.55 to 
480.77 nm. The ethosomal formulation with a desirability 
value of 1 was chosen as the optimized formulation, which 
contained 300 mg of phospholipid and 30 mL of ethanol. 
Table 5 compares the experimental values of PS and EE of 
the optimized ethosomal formulations with the predicted 
value and calculates the percentage bias.

Percent bias
Predicted value Experimental value

Predicted val
=

−( )

uue
×100

EE
The EE of the hesperidin-loaded ethosomal system directly 
affects the delivery potential. Table 1 displays the results of 
the determination of each formulation’s EE. The formulation 
developed with 300 mg soyalecithin and 30 mL ethanol 
demonstrated maximum EE, i.e., 87.32%. This could be 
because of the increased ethanol content, which makes the 
drug more soluble in ethosomes.

Characterization of optimized ethosomal formulation

Morphology

TEM [Figure 5] images reveal information on the spherical 
shape of the particles in the formulation in addition to surface 

Table 4: Summary of the model fit for the response 
(PS and EE)

S. 
No.

Source PS EE
F‑value P‑value F‑value P‑value

1 Mean 
versus 
linear

167.05 <0.0001 0.71 0.5136

2 Linear 
versus 22FI

0.93 03590 0.057 0.8174

3 Quadratic 
versus 2F1

3.75 0.0780 34.39 0.0002

4 Cubic 
versus 
quadratic

1.89 0.3148 5.92 0.0879

EE: Entrapment efficiency, PS: Particle size

Table 5: Percentage biasness
Responses Predicted 

values
Experimental 

values
Bias 
(%)a

Particle size (nm) 376.56 417.9 −2.06

Entrapment 
efficiency (%)

78.79 87.32 −4.53

Percentage bias = *(Predicted value-Experimental value)/
Predicted value x 100

Figure 4: 3-dimensional response surface graph indicating the impact of independent variables (phospholipid and ethanol) on 
these (a) particle size (nm) and (b) entrapment efficiency (%)

ba
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morphology. Images acquired using TEM demonstrated 
that the ethosomes had a spherical form, were smooth, free 
from crystallinity, and were within the nanometer range. 
The average PS, calculated using Image J software, was 
59.91 ± 43.75 nm. However, the mean PS measured by DLS 
was significantly larger at 417.9 nm. This discrepancy may 
be because DLS measures the hydrodynamic diameter, which 
includes both the core of the particle and the solvent layer 
attached to the particles. TEM sample preparation comprises 
drying, dehydration, staining, and electron irradiation 
of ethosomes, resulting in shrinkage of the particles, as 
described in previous publications.[39] Previous investigations 
reported similar variances in PS.[40]

Ethosomal gel characterization

The optimized ethosomal gel containing Hesperidin-loaded 
ethosome was assessed for organoleptic properties (odor, 
color, and phase separation), pH, and viscosity.

Evaluation of organoleptic properties

The homogeneity and organoleptic properties did not change 
at various temperatures over the stability investigations 
allotted duration. At a higher temperature, the light brown 
color of all the formulations changed to a dark brown color.

FTIR spectroscopy

The FTIR spectra of Hesperidin, soya lecithin, ethanol, 
cholesterol, physical mixture, ethosomes, and gel are shown 
in Figure 6. The FTIR spectra of Hesperidin [Figure 1] 
showed O-H stretching at 3723.34 and 3412.10 cm−1, the 
peak at 2516.42 and 3942.49 cm−1 demonstrates the presence 
of C-H stretching, the peak at 1631.12 cm−1 shows C=O 
stretching and 1399.42 cm−1 shows C-O stretching in the 
sample were observed in agreement with the previously 
reported values. The soya lecithin spectrum showed peaks 
at 3,409 cm−1 (OH stretching), 1,698 cm−1 (C=O stretching), 
and 1,062 cm−1 (C-O stretching). Ethanol showed peaks at 
3,391 cm−1 (OH stretching), 2,961 cm−1 (CH stretching), and 
1,055 cm−1 (CO stretching). Carbopol displayed peaks at 
3,422 cm−1 (OH stretching), 2,932 cm−1 (CH stretching), and 
1,724 cm−1 (C=O stretching). Cholesterol exhibited peaks at 
2,936 cm−1 (CH stretching), 1,464 cm−1 (CH bending), and 
1,056 cm−1 (CO stretching). The spectrum of the PM included 
all the characteristic peaks of Hesperidin, lipid, ethanol, and 
carbopol, indicating no interaction. The gel containing the 
optimized ethosomal formulation showed good solubilization 
of the drug in lipid and ethanol, as indicated by the reduced 
intensity and broadening of the peaks, thus demonstrating the 
EE of the drug in the formulation.

Viscosity, pH, spreadability, and extrudability

The viscosity and pH of all ethosomal formulations ranged 
from 5,435 to 8,954 cps and 6.5 to 5.7, and Table 6 shows 
the results for all formulations, including excellent values for 
spreadability and extrudability. The results indicate that the 

formulation is appropriate for topical use. The formulation 
F3 had optimal pH, viscosity, and spreadability, indicating 
superior gelling properties for topical application.

In-vitro release studies

The in vitro release profiles of the ethosomal gel with 
different concentrations of Carbopol are shown in Figure 7. 
The ethosomal gel with a concentration of 1% Carbopol 
showed a maximum release of 86.21% after 24 h.

In-vitro wound healing assay

The wound healing effect of Hesperidin-loaded ethosomal gel 
and Hesperidin powder was studied till 72 h of incubation, 
about more than 90% of the scratched area were closed since the 

Figure  5: Transmission electron spectroscopy of optimized 
formulation

Figure  6: Fourier transform infrared spectroscopy 
spectra of  (i) Soya lecithin, (ii) Cholesterol, (iii) Ethanol, 
(iv) Carbopol, (v) Hes, (vi) Physical mixture, (vii) Ethosomes 
(viii) Ethosomal gel
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HaCaT cells had proliferated and migrated into the scratched 
area [Figure 8], and the treatment group cells achieved about 
>90% wound healing rate that has been shown in Figure 9. The 
description of wound area covered and % wound closure scored 
in terms of area is described in Tables 7 and 8, respectively. 
Overall the observed wound healing study results confirmed 
that given test compounds, Hesperidin-loaded ethosomal gel 
and Hesperidin powder with 50 ug/mL effectively enhanced 
the wound healing effect on HaCaT cells after 72 h of 
incubation in time time-dependent fashion. The statistical data 
of the covered wound area is shown in Figure 10. In summary, 
its evidently proved that Hesperidin-loaded ethosomal gel 
and Hesperidin powder molecules were angiogenic in nature 
in a time-dependent fashion and it effectively promoted the 
angiogenic properties on HaCaT cells.

Table 6: pH, viscosity, Spreadability, and extrudability of prepared ethosomal gel containing different 
concentrations of Carbopol

Formulation pH Viscosity Spreadability Extrudability
F1 6.4 5435 7.12±0.3 +++

F2 5.7 5867 6.84±0.2 ++

F3 6.2 7128 6.83±0.4 +++

F4 6.5 8120 5.56±0.6 ++

F5 5.8 8954 4.33±0.8 +

Figure 7: In-vitro release profile of ethosomal gel with different 
concentrations of Carbopol

Stability studies

Stability tests were used to assess the ethosomal system’s 
ability to adhere to the drug. Table 9 shows the stability 
of selected ethosomal gel by using different parameters, 
including color, odor, and phase separation. Figure 11 
depicts the pH of ethosomal gel at different temperatures. 

Figure  8: Covered wound area overlay-hesperidin loaded 
ethosomal gel and hesperidin powder

Figure 9: Percentage wound closure in HaCaT cells

Figure 10: In-vitro wound healing activity of Hesperidin loaded 
ethosomal gel and hesperidin powder 50 µg/mL at different 
time intervals of 0 h, 24 h, 48 h, 72 h on HaCaT cells along 
with controls. (a) Untreated, (b) Hesperidin Powder-50 µg and 
(c) Hesperidin loaded ethosomal Gel-50 µg
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As temperature rises, molecular vibrations and ionization 
accelerate, leading to a decrease in pH. It is possible that 
at higher temperatures, there is less polymer entanglement. 
However, the shift has not been drastic. Figure 12 depicts the 
viscosity of ethosomal gel at different temperatures. Stability 
studies show that viscosity reduces as temperature increases. 
The study concludes that carbopol-based ethosomal gel is 
thermally stable.

DISCUSSION

Herbal ethosomal gel was formulated by incorporating 
Hesperidin. To demonstrate the formulation’s efficacy and 
suitability, it underwent a series of characterizations. The FTIR 
studies of the pure drug revealed the presence of important 
groups that are helping in wound healing.[41,42] Vesicles of around 

Table 7:In‑vitro wound healing effect of hesperidin powder and hesperidin loaded ethosomal gel against the 
HaCaT cells at different intervals in terms of area. The presented values were the average of 3 independent 

individual experiments (n=3)
Incubation Time Wound area covered

Untreated Hesperidin powder Hesperidin loaded 
ethosomal gel

0 h 884056±6097 904379±12692 873895±34669

24 h 810553±38802 615043±27550 692432±3527

48 h 610969±21165 175145±71338 244388±31747

72 h 403516±5700 2907±999 67207±90415

Table 9: Evaluation of organoleptic stability of ethosomal gel at different temperatures
Parameter Temp Initial 7 days 15 days 30 days 60 days 90 days
Color 4 Light brown Light brown Light brown Light brown Light brown Light brown

25 Light brown Light brown Light brown Light brown Light brown Brown

40 Light brown Light brown Brown Brown Brown Dark brown

Odor 4 ‑ ‑ ‑ ‑ ‑ ‑

25 ‑ ‑ ‑ ‑ ‑ ‑

40 ‑ ‑ ‑ ‑ ‑ ‑

Phase separation 4 ‑ ‑ ‑ ‑ ‑ ‑

25 ‑ ‑ ‑ ‑ ‑ ‑

40 ‑ ‑ ‑ ‑ ‑ ‑

Figure 11: Effect of pH of ethosomal gel at different temperatures

Table 8: In‑vitro wound healing effect of hesperidin loaded ethosomal gel and hesperidin 
powder with 50 ug/mL against the HaCaT cells at different intervals in terms of percentage. 

The presented values were the average of 3 independent individual experiments (n = 3)
Incubation 
time (h)

Percentage wound closure scored
Untreated Hesperidin powder Hesperidin loaded ethosomal gel

0 0.00 0.00 0.00

24 8.31 20.76 31.99

48 30.89 72.03 80.63

72 54.36 92.31 99.68
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420 nm can penetrate deeper layers of skin. In an analysis of 
the PS and PDI, it has been observed that the amount of soya 
lecithin is directly correlated with the vesicle size. An increase 
in soya lecithin concentration beyond 300 mg is associated 
with an abrupt increment in the PS and narrow distribution of 
PDI.[43] PG may allow penetration into deeper layers of the skin. 
Therefore, it can be inferred that alterations in the ratio of lipids 
to ethanol, either increased or decreased, significantly affect the 
physical characteristics of ethosomes. PS and the concentration 
of ethanol have an impact on the skin’s permeability since only 
smaller particles can pass through it, while ethanol concentration 
typically has an impact on a drug’s permeability.[44,45] With the 
foregoing considerations, we may conclude that F8 is entirely 
appropriate for skin administration. Further, in the case of ZP, 
research revealed that particles will encounter repulsion among 
themselves and resist agglomeration if the suspension contains 
a high amount of cationic and anionic charge in the system (i.e., 
a high value of both positive and negative ZP).[46] Consequently, 
increased surface charge improves the stability of ethosomes. 
The above-mentioned statement indicates that F8, with its 
greatest ZP value, has the best level of stability compared to 
the remaining formulations. PDI values above 0.7 suggest the 
existence of bigger particles in ethosomal dispersions and a 
heterogeneous system. The present system has a homogeneous 
and narrow PS distribution, as shown by the majority of the 
values. The stability studies confirmed that the prepared 
ethosomal gel was thermally stable.

CONCLUSION

Development of an appropriate carrier system for dermal 
delivery of Hesperidin was highly difficult due to its 
hydrophilic nature, leading to limited skin liberation. Due 
to the substantial amount of ethanol in their composition, 
ethosomes have been found to provide both continuous skin 
permeability and enhanced medication permeability through 
lipid vesicles. A stable gel containing ethosomes of nanometer 

range loaded with Hesperidin increased the penetration to the 
skin and could be a potential product for researchers.

The present study focuses on developing and evaluating a 
hesperidin loaded ethosomal gel to stimulate wound healing 
through enhanced skin penetration. Ethosomes, flexible 
lipid-vesicles, were formulated using 30% ethanol to 
encapsulate hesperidin, offering better drug delivery across 
the skin barriers. The formulated ethosomes demonstrate 
an average vesicle size (417.9 nm) along with better EE 
(87.32%) and surface charge (−26.62 mV). The ethosomal 
gel unveiled optimal attributes including pH (5.7), release 
rate (86.21%) and good spreadability. In-vitro wound healing 
assay demonstrated that hesperidin loaded ethosomal gel and 
powder significantly promoted angiogenesis in HaCaT cells. 
The obtained results favoured gel formulation, indicating 
their enhanced potential towards wound healing.
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