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ABSTRACT

This study focuses on formulating and optimizing Polyherbal Nanoethosomes for controlled drug delivery, utilizing a polyherbal
extract comprising Basella alba L., Portulaca oleracea L., Lawsonia inermis L., Trigonella foenum L., and Peristrophe
paniculata L. Comprehensive characterization revealed a variety of secondary metabolites within the extract. The primary
goal was to create poly herbal extract-entrapped ethosomes that could be integrated into a sustained-release transdermal gel
dosage. We prepared nanoethosomes using phosphatidylcholine, ethanol, Tween 80, and SLS, and optimized them using
Design Expert software. The characteristics included size (particle size: 121 = 2.60 nm) and entrapment efficiency (81.91 +
1.92%), followed by incorporation into a carbopol gel for skin application. We performed in-vitro permeation studies and
cytotoxic assays on L-929 cells, which revealed favorable outcomes. Optimized nanoethosomes displayed desirable particle
characteristics, highlighting their potential for controlled drug delivery. The nano vesicular gels had good rheological and
physical properties (polydispersity index: 0.41 + 0.04, zeta potential: -8.12 + 1.25 mV), which meant they could be used
topically. This research underscores the compatibility of plant extracts with formulation components, offering a foundation
for Polyherbal Nanoethosomes in pharmaceutical formulations. The study emphasizes precise control over particle attributes

and suggests potential applications in enhancing drug release and bioavailability.
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INTRODUCTION

Burn injuries represent a significant global public health
challenge, inflicting considerable morbidity and mortality
while posing substantial burdens on healthcare systems.!
Effective management of these wounds is crucial to minimize
complications, facilitate tissue regeneration, and improve
patient outcomes. While various treatment modalities,
including surgical interventions, topical therapies, and
supportive care, are available, there remains an ongoing quest
for innovative approaches to enhance the healing process and
mitigate associated sequelae.

In recent years, there has been a burgeoning interest in
harnessing the therapeutic potential of natural compounds
for wound healing, driven by their diverse pharmacological
properties and relatively favorable safety profiles.> Among
these natural remedies, botanical products have garnered
particular attention for their ability to modulate inflammatory
responses, promote tissue regeneration, and combat microbial

colonization.> However, translating botanical therapies
into clinically viable treatments requires the development
of effective delivery systems capable of optimizing drug
bioavailability and target tissue localization.

Nanoethosomes, nanosized liposomal carriers, have
emerged as a promising platform for delivering bioactive
compounds due to their ability to encapsulate both hydrophilic
and lipophilic agents, thereby enhancing their solubility,
stability, and therapeutic efficacy.* In the context of burn
wound management, nanoethosomes offer unique advantages,
including deep tissue penetration, sustained drug release,
and minimizing systemic side effects.” Nevertheless, the
application of nanoethosomal delivery systems in burn care
remains relatively unexplored, highlighting a critical gap in
current research efforts.

Moreover, traditional burn treatments often prove
inadequate in addressing the multifaceted nature of burn
injuries, underscoring a scarcity of studies focusing on the
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development of novel therapeutic interventions, especially in
regions like the United Kingdom.® This underscores the urgent
need for innovative approaches to burn wound management
that amalgamates evidence-based medicine with emerging
technologies and natural remedies.

To address these pressing challenges, the present study
endeavors to formulate and evaluate a polyherbal nanoethogel
aimed at expediting burn wound healing. Drawing upon
the synergistic properties of multiple botanical extracts,
the nanoethogel is meticulously designed to enhance tissue
regeneration, alleviate inflammation, and prevent infection.
Through a comprehensive assessment of its efficacy in both
in-vitro and in-vivo models, this research aims to advance
our understanding of the therapeutic potential of polyherbal
formulations in burn care and lay the groundwork for their
clinical translation.

Renowned for their ability to activate mitogen-activated
protein and promote angiogenesis in-vitro, fibroblasts,
endothelial cells, smooth muscle cells, and dendritic epidermal
T-cells release keratinocyte growth factor (KGF), a paracrine
growth factor.’ Natural botanical products play a significant
role in fibroblast and keratinocyte proliferation.® These products
include growth factors, cell signaling molecules, and adhesion
molecules.”® The realm of nanotechnology holds tremendous
potential for advancing herbal medicine science, facilitating the
detection, development, and delivery of interventions to bolster
health and mitigate disease risks. This exposition aims to
elucidate these advances and underscore the potential benefits
of nanomaterials, albeit with the requisite acknowledgment
of potential health concerns associated with nanoparticles.
Various prior investigations have alluded to the antibacterial,
antifungal, and antitumor attributes of Lawsonia inermis.’
Over time, traditional plant-based medicines have emerged
as a natural avenue for addressing diverse human ailments.
Herbal drugs typically constitute individual plant extracts
or fractions thereof or combinations thereof from disparate
botanical sources.!® Contemporary scientific discourse has
evinced heightened interest in harnessing naturally occurring,
biologically active compounds of medicinal relevance.'!
Literature scrutiny underscores the antifungal,'> opioid
analgesic and anti-inflammatory properties of Basella alba
leaves.”* Moreover, B. alba has demonstrated commendable
anti-inflammatory and antibacterial characteristics.'* These
botanical attributes lay the foundation for potential wound-
healing efficacy. By bridging the gap between traditional
medicine, nanotechnology, and modern wound care practices,
this study strives to contribute to the development of safe,
effective, and accessible therapies for burn injuries, ultimately
improving patient outcomes and raising healthcare standards.

MATERIALS AND METHODS

The study employed a systematic approach to develop and
evaluate a polyherbal nanoethosomal topical gel aimed at
enhancing bioavailability for burn wound healing. Key
materials, including phosphatidylcholine, ethanol, Tween
80, and SLS were sourced from M/S Sigma Aldrich,

USA. Plant extracts from B. alba L., Portulaca oleracea
L., L. inermis L., Trigonella foenum L., and Peristrophe
paniculata L. were collected, authenticated, and subjected to
extraction using 70% ethanol through maceration, followed
by concentration and storage. Phytochemical quantification
involved spectrophotometric assays for flavonoids, phenolic
compounds, tannins, and alkaloids, with results expressed
as mg per gram of plant extract.!” Pre-formulation studies
focused on drug-excipient compatibility using fourier
transform infrared spectroscopy (FTIR) and optimization
of nanoethosomes via factorial design using Design Expert
software.'® Characterization of nanoethosomes included
morphological analysis using optical microscopy and SEM
(scanning electron microscopy), as well as determination of
vesicle size, surface charge, and entrapment efficiency using
dynamic light scattering (DLS) and ultracentrifugation.'”
In-vitro permeation studies assessed skin permeation
parameters through modified Franz diffusion cells, while
cytotoxicity assays using the MTT assay evaluated cell viability
and ICs, values.'® Live cell assays and DAPI (4°,6-diamidino-
2-phenylindole) staining assays were conducted to assess
cytotoxic and nuclear effects. Furthermore, nanovesicular
ethosome gels were formulated using Carbopol, with
evaluations performed for visual appearance, pH, viscosity,
and extrudability. Statistical analysis was conducted using
Design-Expert software, with data presented as mean = SD
and significance determined through Student t-tests (p < 0.05).

RESULTS

Phytochemicals Analysis

The polyherbal sample exhibited the presence of various
secondary metabolites based on the conducted phytochemical
tests. Tannins, flavonoids, phenols, saponins, alkaloids,
terpenoids, carbohydrates, and steroids were detected in the
sample. Additionally, glycosides were identified, indicating
a diverse array of bioactive compounds in the polyherbal
formulation. However, reducing sugars were found to be
absent in the tested sample. This comprehensive profile of
secondary metabolites suggests the potential therapeutic and
pharmacological significance of the polyherbal formulation.

Quantification of phenolic and tannin contents

The phytochemical composition of five plant species, namely
T. foenum, B. alba, L. inermis, P. oleracea, and P. paniculata,
was analyzed, revealing distinct profiles of tannin, flavonoid,
phenolic, and alkaloid content. Trigonella exhibited the highest
levels of tannin (86.55 + 0.13), while P. oleracea demonstrated
elevated alkaloid content (49.17 = 0.50). B. alba displayed
substantial levels of flavonoids (58.18 + 0.30) and phenolics
(132.13 £+ 0.09), whereas Lawsonia exhibited comparatively
lower concentrations across all categories. P. paniculata
showcased notable phenolic content (151.22 + 0.28) but
relatively lower alkaloid levels (13.12 + 0.23). These findings
underscore the diverse phytochemical profiles among the studied
plant species, providing valuable insights into their potential
medicinal and nutritional properties (Table 1 and Figure 1).
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Figure 1: Quantification of phytochemicals standard curve (A). Alkaloids, (B) Tannins, (C) Flavonoids, (D) Phenolic compounds

Table 1: Quantitative analysis of polyherbal extracts
Polyherbal

extract Tannin Flavanoid ~ Phenolic Alkaloid

T. foenum  86.55+0.13 59.77+£0.41 147.21£0.09 49.17+0.50
B. alba 72.92+0.13 58.18 £0.30 132.13+0.09 23.69 +0.15
L. inermis  29.82+0.09 55.10+0.48 116.01 £0.10 18.50 +0.21
P oleracea 99.51£0.10 51.15+0.37 141.98£0.22 26.10+0.26

P, paniculata 77.25+0.14 55.85+0.20 151.22+0.28 13.12+0.23

Mean + standard deviation (SD) based on triplicate measurements (n=3).
Tannin, Flavanoid, Phenolic, and Alkaloid content are presented in
milligrams per gram (mg/g) dry weight.

FTIR analysis

The FTIR spectrum of plant extracts displayed characteristic
peaks, such as a sharp peak at 3000-2970 cm™ indicating
phenolic OH group presence, and a strong peak around 1600
cm! attributed to mixed vibrations of (C=C) and (C=0). Peaks
at 1300 to 1200 cm™ represented C-H bending vibrations,
while those below 1000 cm™ indicated trans C-H vibrations.
These features hinted at the plant extracts’ composition and
potential medicinal phytochemicals. In the drug-excipient

compatibility study, investigating interactions between plant
extracts and key excipients (Phosphatidylcholine, SLS, Tween
80), the FTIR spectra of the mixture revealed no significant
interaction. Major characteristic peaks of plant extracts
remained, affirming the compatibility of the nano-vesicular
system formulation and preserving the phytochemical integrity
of the plant extractsshowed in Figure 2 (A-C).

Optimization of nanoethosomes

The formulations of nanoethosomes were systematically
characterized to assess their key physicochemical properties.
The vesicle size of the formulations ranged from 110 + 3.54
nm (EH1) to 265 + 3.84 nm (EHY), indicating a controlled
and tunable size distribution. The zeta potential, a measure
of surface charge, exhibited variations from 5.13 = 1.05
mV (EH1) to -20.18 £ 1.09 mV (EH9), suggesting a surface
charge suitable for stability. Entrapment efficiency, a crucial
parameter for drug delivery systems, demonstrated high values
ranging from 65.13 = 1.50% (EH1) to 94.93 + 3.17% (EH9),
indicating effective encapsulation of bioactive compounds
within the nanoethosomes. The polydispersity index, a
measure of the size distribution uniformity, showed values
between 0.27 = 0.04 (EH9) and 0.51 + 0.06 (EH1), suggesting
a relatively narrow and consistent size distribution across the
formulations which is shown in Table 2. Overall, these results
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underscore the successful optimization of nanoethosome
synthesis, achieving desired vesicle sizes, surface charges,
and encapsulation efficiencies. Such tailored formulations
hold promise for effective and controlled drug delivery
applications, emphasizing their potential significance in
pharmaceutical and biomedical research. Optimizing the
formulation of nanoethosomes involved a systematic variation
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Figure 2: FTIR Spectrum analysis of drug excipients (A- Phosphatidyl
choline; B- SLS; (c) FTIR spectrum of plant extracts and excipients
with the wavelength ranging from 400-4000 cm’")

in the concentrations of SNS (sodium taurocholate), Tween
80, ethanol, and phosphatidylcholine (PC) in milligrams,
as depicted in Figure 3 A-D. In contrast, Figure 3E displays
a response surface model depicting the factors affecting
nanoethosome vesicle size, while Figure 3F illustrates a similar
model for the entrapment efficiency of phytochemicals in
nanoethosomes.

Nanoethosome characterization

Optical Microscopy Analysis

The optical microscopy analysis of ethosome formulations (EH2,
EH6, EH9) revealed distinct vesicle features. EH2 exhibited a

A B E
C — D - ¥

Figure 3: Optimization of drug excipients for nano ethosomal vesicle
size in Design expert Software, SLS (A), Ethanol (B), Tween 80 (C)
and phosphatidylcholine (D). Surface plot model was illustrated with
Entrapment efficiency and vesicle size in ethosomes optimization
(E&F)

EH2 EH6 EH9

Figure 4: Characterization of selected nanoethosomes in optical

microscope at the magnification of 60X (A) and high-resolution

scanning electron microscopic images of nano ethosomes at the
magnification of 50000X (B)

Table 2: Nanoethosome formulation characteristics

Formulations Vesicle size (nm) Zeta potential (mV) Entrapment efficiency (%) Polydispersity index
EH1 110 +3.54 5.13+1.05 65.13 £ 1.50 0.51 £0.06
EH2 121 £2.60 -8.12+1.25 81.91 £1.92 0.41 £ 0.04
EH3 131 +4.10 -792+2.18 82.60 + 3.13 0.50 £0.02
EH4 170 £ 6.01 -8.91 £ 1.08 80.12+3.0 0.49 + 0.07
EH5 193 +1.38 -9.15+1.53 85.35+£2.50 0.31 £0.08
EH6 239+ 1.91 -11.97 £2.82 92.15+£2.62 0.29 £ 0.05
EH7 247 +£5.10 -13.76 = 1.81 91.12 £ 1.60 0.41 £0.03
EH8 250 +3.81 -15.39 + 1.50 90.18 + 3.10 0.35+£0.05
EH9 265 + 3.84 -20.18 £ 1.09 9493 +£3.17 0.27+0.04
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Figure 5: Zeta potential

spherical and elevated shape, EH6 displayed a spherical and
busted appearance, while EH9 showed an uneven, spherical
morphology, as observed at a 20-X magnification using an
ACCUSCOPE inverted microscope shown in Figure 4 (A&B).
and zeta potential in Figure 5.

SEM Characterization
SEM analysis at 50000X magnification provided further
insights into the surface morphology and vesicle size of the
Ethosome formulations. EH2 demonstrated a vesicle size of
121 nm with a spherical and elevated morphology. EH6, with
a vesicle size of 239 nm, exhibited a spherical and busted
appearance, while EH9, with a vesicle size of 265 nm, displayed
uneven spherical characteristics, which are shown in Table 2
and Figure 5. Among the studied ethosome formulations (E2,
E6, E9), overall, E2, E6, and E9 demonstrated superior results
in terms of vesicle morphology and size. Notably, E2, E6,
and E9 displayed characteristics such as elevated, spherical,
and uneven spherical morphologies, respectively, indicating
promising attributes for potential applications in drug delivery.
Data are presented as mean = standard deviation (SD) (n=3).
Vesicle size is expressed in nanometers (nm), zeta potential in
millivolts (mV), entrapment efficiency in percentage (%), and
polydispersity index is dimensionless.

In-vitro permeation studies

The permeation characteristics of phytochemical formulations
through cellulose and nylon membranes with 0.45 and 0.22

pum pore sizes were investigated. In the case of cellulose 0.45
um formulations, cumulative amounts permeated ranged from
30.13 to 112.54 uL/cm?, with corresponding permeation flux
values 0f 0.98 to 2.45 uL/cm?/h. The permeability coefficients
(Kp) varied from 0.00135 to 0.00519 cm/h, and enhancement
ratios (ER) ranged from 0.65 to 2.56, demonstrating the
impact of formulation on permeation. For nylon 0.45 pm
and both cellulose and nylon 0.22 pm formulations, similar
trends in permeation parameters were observed, with
differences attributed to membrane characteristics. Overall,
the study provides insights into the permeation behavior of
phytochemical formulations through different membranes,
aiding in the optimization of delivery systems, which is shown
in Table 3.

In-vitro studies of polyherbal nanoformulations (EH2) in
L-929 cell lines

Cytotoxicity assay (MTT Assay)

A phase contrast microscope was used to assess cell morphology
in order to validate the results of the MTT experiment. By
assessing the morphological alterations associated with
apoptosis, cell morphology evaluation offers a qualitative
evaluation of the healing effects of polyherbal extracts and
their nano vesicular formulations, shown in Figure 6(A).
A cell that is going through apoptosis or dying exhibits
morphological changes, such as shrinking, rounded edges,
and separation from other cells. Phase contrast microscopy
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Table 3: Permeation parameters of phytochemical formulations through cellulose and nylon membranes A) 0.45 pm B) 0.22 um

A.Formulation Cumulative amount Permeation flux (J) Permeability Enhancement ratio Amount deposited
(Cellulose 0.45 um) permeated uL/cm? (uL/cm*/h) coefficient (Kp) (cm/h) (uL/cm?)
EH1 30.13+2.47 0.98 +0.07 0.00135 0.65 16.67 +0.20
EH2 51.45+3.14 1.12£0.04 0.00274 1.25 12.46 +£0.23
EH3 49.14 +7.21 1.01 £0.02 0.00153 0.75 14.57 +£0.45
EH4 57.12+4.71 1.14£0.05 0.00163 0.81 15.60 +0.30
EH5 66.37 +£4.70 1.47+0.12 0.00205 1.20 18.88+0.15
EH6 89.85+1.32 1.89£0.19 0.00394 1.54 11.78+0.14
EH7 81.01+£3.50 1.63 £0.02 0.00295 1.26 12.67+0.13
EH8 90.39 +4.16 1.98 +0.03 0.00318 1.59 15.67 +£0.45
EHO9 112.54 £2.45 2.45+0.02 0.00519 2.56 15.78 £0.16
Formulation (Nylon 0.45 um)

EH1 50.13+3.72 1.14 £0.06 0.00186 0.93 12.38+0.16
EH2 65.55 +1.67 1.45+0.09 0.00294 1.61 13.79+0.16
EH3 55.13+3.75 1.34+0.12 0.00211 1.05 17.67+0.18
EH4 60.12 +£4.50 1.54 £0.04 0.00243 1.21 18.87+0.30
EHS 70.59 +1.75 1.70 £ 0.03 0.00289 1.44 19.68 £ 0.45
EH6 78.56 +2.73 1.76 £ 0.04 0.00318 1.89 1491 +0.19
EH7 75.47 +£2.50 1.71 £ 0.01 0.00306 1.53 15.67 +£0.20
EHS 85.17+5.47 1.87£0.04 0.00331 1.65 17.50 +£0.15
EHO9 124.78 £2.75 2.89+0.03 0.00643 3.12 13.46 £0.45
B.Formulation (Cellulose 0.22 um)

EH1 40.40 +3.14 0.89+£0.03 0.00148 0.74 14.56 £ 0.37
EH2 45.49 £ 4.36 1.02+0.12 0.00202 1.10 11.43+£0.53
EH3 44.13 £3.50 0.96+0.18 0.00163 0.81 17.67 £0.37
EH4 48.31+£2.47 1.13+0.05 0.00210 1.05 15.56 +0.39
EHS 55.13+4.78 1.20 +2.47 0.00223 1.11 17.79 +£0.15
EH6 68.75+2.76 1.39+0.16 0.00273 1.29 11.86 £0.19
EH7 75.12+1.70 1.51+0.13 0.00290 1.45 16.13£0.28
EH8 86.50 = 3.75 1.87 £0.04 0.00313 1.56 15.10+0.10
EH9 106.69 +2.14 2.14+0.08 0.00593 2.76 15.73+0.34
Formulation (Nylon 0.22 um)

EH1 38.12 +£2.57 0.61 £0.03 0.00153 0.76 11.67£0.11
EH2 51.78 £ 1.89 1.19£0.09 0.00216 1.08 12.83 £0.16
EH3 47.13 £4.50 0.96 +0.04 0.00198 0.99 15.78 £0.20
EH4 50.12 +£3.56 1.14+0.14 0.00203 1.01 16.12+0.18
EHS 55.12+1.27 1.32£0.11 0.00275 1.37 18.10+£0.10
EH6 62.09 +2.45 1.56 £0.13 0.00284 1.42 14.94 +£0.35
EH7 58.12+1.78 1.42+0.10 0.00238 1.19 19.37 £ 0.60
EH8 70.12 £ 4.50 1.66£0.15 0.00274 1.37 17.68 +0.10
EH9 90.73 £3.17 1.97 £0.04 0.00519 2.49 16.65+0.38

Data presented as mean + standard deviation (SD), (n = 3)

studies showed that L-929 cells treated with compared to
untreated cells had the same morphological changes. These
same morphological conditions imply that the treatments with
nano vesicular formulations did not undergo the apoptotic
process, demonstrating their potent cytoprotective effects.

Live dead cell assay

The live dead cell assay distinguished cell vitality based
on fluorescence staining. Live cells with intact membranes
exhibited consistent green fluorescence with Syto-9, while dead
cells with compromised membranes showed bright orange/
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Figure 6: In-vitro studies of characterized ethosomes in (A) L-929 cell lines Cytotoxicity assay, (B) Live cell Proliferation Assay, (C) DAPI nucleic
acid apoptotic assay

red fluorescence with propidium iodide. Application of EH2
polyherbal ethosomes to pre-treated burnt cells resulted in
increased cell viability, evident by higher levels of dark orange-
red fluorescence compared to control cells, showed in Figure 6 (B).
This suggests ethosomes’ protective and healing effects on the
cell plasma membrane post-treatment.

DAPI Staining

The DAPI staining assay revealed the nuclear morphology
of L-929 cells. Apoptotic cells typically exhibit nuclear
alterations, including shrinkage, blebbing, chromatin
condensation, nucleus fragmentation, and the formation of
apoptotic bodies. DAPI, a blue fluorescent dye, was used
to specifically bind to DNA and assess nuclear morphology
changes indicative of apoptotic cell death. Both control and
EH2 polyherbal ethosome-treated cells displayed no significant
alterations in nuclear morphology or signs of apoptotic nuclear
modifications, showed in Figure 6(C). The results indicate
that treatment with polyherbal nano ethosomes did not induce
apoptosis in L-929 cells (Figure 7).

Characterization and formulation of nanovesicular
ethosomal gels

The physicochemical properties of the developed nanovesicular
gel exhibited favorable characteristics, indicating its suitability
for topical application. The gel displayed good homogeneity,
and its color was observed to be yellow. The pH of the
nanovesicular gel was measured at 5.78 £ 0.25, suggesting a
neutral to a slightly acidic environment. Viscosity, a crucial
factor in topical formulations, was found to be 368 + 25.59
cPs, signifying an appropriate consistency for easy application.
The spreadability of the gel, a key attribute influencing user

experience, was determined to be 6.74 = 1.29 gm cm/sec,
indicating a formulation that can be readily spread on the skin.
Extrudability, measured at 153 + 0.57, further affirmed the
ease with which the gel can be extruded. Collectively, these
results highlight the successful development of a nanovesicular
gel with desirable physiochemical properties, emphasizing its
potential for effective and user-friendly topical use.

DISCUSSION

The quantitative analysis conducted in our study revealed
notable disparities in the phytochemical composition of P.
paniculata, B. alba, P. oleraceae, L. inermis, and T. foenum
extracts compared to previous reports. Specifically, P.
paniculata exhibited elevated levels of phenolic compounds
and flavonoids in our investigation, contrasting with lower
concentrations of alkaloids, phenols, tannins, and flavonoids
reported.”” This discrepancy may stem from differences

mm Control
=3 Std (Sulphadiazine)
120 m=  Nano formulation
100
=
= 80
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3
=
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&
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Figure 7: Percentage of cell viability of L929 cells
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in plant material or extraction methodologies employed.
Similarly, our study identified higher concentrations of
tannin, flavonoid, phenolic, and alkaloid content in B. alba
compared to percentages, suggesting potential variations in
extraction techniques or plant sources reported.?’ Although
our findings for Lawsonia extract indicated moderate
levels of these compounds, A study reported substantially
higher concentrations.?' Nonetheless, our study underscores
Lawsonia’s promising biocidal potential against termite attack
and fungal decay, highlighting its significance in natural
product research and environmental protection. Furthermore,
our results demonstrated significantly higher levels of tannin,
flavonoid, phenolic, and alkaloid content in Trigonella
extract compared to that reported.?? Despite methodological
disparities, our findings emphasize Trigonella’s richness in
these secondary metabolites, indicating its potential as a
valuable natural resource.

The compounds identified in the extracts, particularly
phenolic compounds, are well-acknowledged in cosmetic
applications due to their redox activities and antioxidant
attributes.?? The higher phenolic content in the sample
reinforces its antioxidant potential, aligning with previous
studies emphasizing the role of phenols in determining
redox activities. Additionally, flavonoids emerge as potent
scavengers for oxidizing molecules and free radicals, being
principal contributors to the antioxidant activities of plant
materials.”* The antimicrobial, anti-inflammatory, and
antioxidant properties attributed to plants are associated with
secondary metabolites such as tannins and flavonoids, with
the hydroxyl group identified as a key functional component.?
These findings underscore the importance of functional
groups in determining physicochemical properties, aligning
with the observations on entrapment efficiency, particle size,
polydispersity index, and zeta potential in the study.?

Our study utilized FTIR analysis to comprehensively
characterize the polyherbal extract, confirming the presence
of essential functional groups, particularly emphasizing
phenolic OH groups known for their medicinal properties.
This compatibility observed between the plant extracts and
selected excipients in pre-formulation studies provides a strong
foundation for the synthesis of polyherbal nanoethosomes,
suggesting their potential as advanced drug delivery systems.?
The FTIR-confirmed presence of saponins, resins, tannins,
flavonoids, and phenolic compounds in our analyzed plant
extracts aligns well with prior research conducted.?’?3
These comprehensive findings contribute significantly
to our understanding of the bioactive components and
formulation considerations crucial for the development of
polyherbal nanoethosomes, offering promising prospects for
pharmaceutical applications. The study demonstrates that
vesicles with a particle size below 300 nm have the capability
to effectively deliver their payload to deeper layers of the skin.
The vesicle size, as revealed in the investigation, is primarily
influenced by varying concentrations of lipid and ethanol
in the formulation.?® Consistent with literature findings,

maintaining a particle size smaller than 300 nm is crucial for
optimal skin penetration. Increased ethanol concentration
i1s associated with reduced membrane vesicle thickness,
facilitating efficient penetration into deeper skin layers.’® In
assessing polydispersity index (PDI), values below 0.7 indicate
ahomogenous system with a narrow particle size distribution,
aligning with the present study’s criteria and emphasizing its
potential for efficient skin delivery.’!

In comparison to previous studies on epigallocatechin-
3-gallate (EGCG), and polymeric nanoparticles targeting
cancer cells while sparing healthy ones, our investigation
into EH2 polyherbal nano formulation’s effects on L929 cells
revealed concentration-dependent cytotoxicity, indicating its
potential cytotoxic activity against these cells.***4 Unlike the
relatively nontoxic effects observed in healthy L929 cells with
polymeric nanoparticles, EH2 formulation induced notable
cytotoxic effects. However, the EH1 formulation also exhibited
cytoprotective properties, preserving cell morphology and
preventing apoptosis, contrasting with the apoptotic pathways
targeted by polymeric nanoparticles in cancer cells. The live-
dead cell assay confirmed EH2’s ability to preserve cell plasma
membranes, further supporting its cytoprotective effects. DAPI
staining assay results were consistent with EH2 formulation
not inducing apoptotic cell death in L929 cells, aligning with
previous findings regarding polymeric nanoparticles. Overall,
while EH2 formulation displayed cytotoxic activity against
L929 cells, its cytoprotective effects suggest multifaceted
therapeutic potential, warranting further investigation into its
underlying mechanisms and clinical applications.
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CONCLUSION

The polyherbal extract containing Basella, Portulaca,
Lawsonia, Trigonella, and Peristrophe has shown promising
potential in the healing of burn wounds. The FTIR analysis
provided valuable insights into the chemical composition of the
extract, while the Nanoethogel delivery system demonstrated
its ability to effectively administer the extract to the wound site.
Furthermore, the in-vitro studies using the mouse fibroblast
cell line L-929, along with the DAPI staining and live dead
cell assay, have illustrated the extract’s positive impact on
supporting the proliferation and viability of the fibroblast cells
crucial for wound healing. Overall, the findings suggest that
this polyherbal extract could be a valuable natural remedy
for burn wound management. Further research and clinical
trials are warranted to validate its efficacy and safety for
potential therapeutic use. In addition, the optimization of
the formulation and delivery system using Design Expert
software could further enhance the efficacy and bioavailability
of the polyherbal extract for burn wound healing. The use of
Design Expert software for optimization can help determine
the optimal ratios and concentrations of the individual herbal
components in the polyherbal extract, as well as optimize the
formulation parameters of the nanoethogel delivery system.
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This would ultimately contribute to the development of a
standardized and optimized product with improved therapeutic
outcomes for burn wound patients.
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