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ABSTRACT

Burn wounds are a significant cause of morbidity and mortality worldwide, necessitating the
development of novel therapeutic strategies. This study aimed to conduct a comparative
analysis of the potential wound healing effects of a polyherbalnanoethosome formulation
containing PortulacaOleracea, Basellaalba, Trigonellafoenumgraecum, Lawsonialnermis, and
Peristrophepaniculata. The selected plant species are renowned for their traditional use in
wound healing and possess diverse phytochemical profiles with reported antioxidant, anti-
inflammatory, antimicrobial, and regenerative properties. Nanoethosomes[1] were utilized
as a delivery system to enhance the bioavailability and efficacy of the herbal extracts. The
polyherbalnanoethosome formulation was prepared using a thin film hydration method and
characterized for particle size, encapsulation efficiency, and morphology. In vitro release
studies demonstrated sustained release of the herbal constituents from the nanoethosomes
over a period of time, indicating their potential for prolonged therapeutic action. The
comparative study revealed that the polyherbalnanoethosome formulation, incorporating
PortulacaOleracea, Basellaalba, Trigonellafoenumgraecum, Lawsonialnermis, and
Peristrophepaniculata, holds promising potential as a therapeutic intervention for burn
wound healing. [2] The enhanced wound healing effects observed can be attributed to the
synergistic action of the phytoconstituents present in the plant extracts, coupled with the
improved delivery and bioavailability achieved through nanoethosome encapsulation.
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INTRODUCTION TO BURN WOUND HEALING

Burn wounds are a significant global health concern, causing substantial morbidity and
mortality. They result from exposure to thermal, chemical, electrical, or radiation sources,
leading to tissue damage and impaired wound healing. Successful management of burn
wounds involves promoting efficient healing, reducing complications, and minimizing
scarring. The healing process of burn wounds is complex and involves several overlapping
phases, including inflammation, proliferation, and remodeling. [3] During the inflammatory
phase, there is an influx of immune cells and the release of inflammatory mediators, which
initiate the repair process. The proliferation phase is characterized by the formation of new
blood vessels, re-epithelialization, and granulation tissue formation. Finally, in the

remodeling phase, collagen synthesis and remodeling occur, leading to scar formation.

Traditional medicinal plants have long been recognized for their therapeutic potential in
wound healing. They possess bioactive compounds such as polyphenols, flavonoids,
terpenoids, and alkaloids, which exhibit antioxidant, anti-inflammatory, antimicrobial, and
regenerative properties. Harnessing the healing potential of these plants in burn wound

management can provide a natural and cost-effective approach. [4]

In recent years, nanotechnology-based delivery systems have gained attention in the field of
wound healing. Nanoethosomes, lipid-based nanoparticles, have emerged as promising
carriers for delivering therapeutic agents to the target site. They offer advantages such as
enhanced drug encapsulation, improved stability, controlled release, and increased

permeability through the skin.

This study aims to investigate the potential of a polyherbalnanoethosome formulation for
burn wound healing. The formulation incorporates extracts from PortulacaOleracea,
Basellaalba, Trigonellafoenumgraecum, Lawsonialnermis, and Peristrophepaniculata. These
plants have a history of traditional use in wound healing and possess diverse phytochemical

profiles with reported biological activities. [5]

By encapsulating the herbal extracts in nanoethosomes, the bioavailability and therapeutic
efficacy can be improved. The sustained release of active constituents from the
nanoethosomes can facilitate prolonged wound healing effects, promoting tissue

regeneration and reducing inflammation. Understanding the comparative effects of the
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polyherbalnanoethosome formulation on burn wound healing, including wound closure
rate, histopathological changes, and collagen deposition, can provide valuable insights into
its potential as a therapeutic intervention. Such knowledge can contribute to the
development of novel strategies for burn wound management, ultimately improving patient

outcomes.

The utilization of polyherbalnanoethosomes incorporating specific plant extracts presents
an innovative approach in burn wound healing. [6] This study aims to investigate the
therapeutic effects of the formulation and provide insights into its mechanisms of action.
The findings may pave the way for the development of advanced therapeutic interventions
in the field of burn wound management, offering improved healing outcomes and enhanced

patient care.

PORTULACA OLERACEA

Portulacaoleracea, commonly known as purslane or pigweed, is a succulent plant that is
widely distributed across the globe. It has a long history of medicinal and culinary use in
various cultures. In terms of medicinal properties, Portulacaoleracea has been traditionally
recognized for its wound healing abilities. [7] The plant contains a rich array of bioactive
compounds, including flavonoids, alkaloids, polysaccharides, omega-3 fatty acids, and
vitamins A, C, and E. These components contribute to its antioxidant, anti-inflammatory,

antimicrobial, and immunomodulatory properties.

As an antioxidant, Portulacaoleracea helps neutralize harmful free radicals in the body,
which can reduce oxidative stress and inflammation. Its anti-inflammatory properties can
help alleviate inflammatory responses associated with burn wounds, promoting a favorable
healing environment. Additionally, the plant's antimicrobial activity can combat various

microorganisms, reducing the risk of infection in wounds.

Studies have demonstrated the potential of Portulacaoleracea extract in promoting wound
healing by accelerating re-epithelialization, collagen synthesis, and angiogenesis. It has been
shown to enhance the migration of keratinocytes and fibroblasts, key cells involved in

wound closure and tissue regeneration. Moreover, the plant's polysaccharides have been
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found to stimulate immune responses, supporting the body's defense mechanisms during

wound healing. [8]

In culinary practices, Portulacaoleracea is valued for its nutritious and flavorful qualities. Its
leaves and stems are consumed raw or cooked in salads, stir-fries, and soups. The plant is
known for its succulent texture and slightly tangy taste. It is also recognized for its high
content of essential nutrients such as vitamins, minerals, and omega-3 fatty acids, which

contribute to its dietary value.

Portulacaoleracea, or purslane, possesses a range of beneficial properties that make it a
valuable herb in both traditional medicine and culinary applications. Its wound healing
potential, attributed to its antioxidant, anti-inflammatory, antimicrobial, and
immunomodulatory effects, highlights its significance in burn wound management. [9]
Further research and exploration of this plant's therapeutic properties may uncover
additional benefits and contribute to the development of novel wound healing

interventions.
BASELLA ALBA

Basellaalba, commonly known as Malabar spinach or vine spinach, is a leafy green vegetable
that is cultivated and consumed in many parts of the world. It is a fast-growing, vining plant
that belongs to the family Basellaceae. Basellaalba has a long history of traditional use in
various culinary and medicinal practices. The leaves, stems, and shoots of the plant are
commonly used in cooking due to their mild flavor and high nutritional content. The plant is

known for its succulent texture and is often used as a substitute for spinach in many dishes.
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In terms of medicinal properties, Basellaalba is recognized for its potential health benefits. It
is a rich source of vitamins A, C, and E, as well as minerals such as iron, calcium, and
potassium. These nutrients contribute to its antioxidant and immune-boosting properties,
supporting overall well-being. Studies have indicated that Basellaalba possesses several
bioactive compounds, including flavonoids, phenolic acids, and carotenoids, which
contribute to its therapeutic potential. These compounds exhibit antioxidant activity,

helping to combat oxidative stress and reduce cellular damage caused by free radicals. [10]

Basellaalba has also been investigated for its potential wound healing properties. It is
believed to promote wound closure and tissue regeneration through its effects on collagen
synthesis and angiogenesis. The plant's extracts have shown the ability to enhance the
migration and proliferation of fibroblasts and keratinocytes, which are crucial for the healing
process. Additionally, Basellaalba has been studied for its anti-inflammatory and
antimicrobial activities. It may help reduce inflammation associated with wounds and inhibit

the growth of certain bacteria, providing a protective effect against infection.

Basellaalba is a nutritious vegetable with potential health benefits. Its antioxidant
properties, along with its wound healing, anti-inflammatory, and antimicrobial effects, make
it a valuable ingredient in traditional medicine and a potential candidate for further research
in the field of wound healing. Incorporating Basellaalba into the diet or exploring its extracts
for therapeutic applications may offer additional insights into its potential as a natural

remedy for various health conditions.

TRIGONELLA FOENUM-GRAECUM
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Trigonellafoenum-graecum, commonly known as fenugreek, is an herbaceous plant that has
been used for centuries in various traditional systems of medicine and culinary practices. It
belongs to the Fabaceae family and is native to the Mediterranean region, although it is now
cultivated and consumed worldwide. Fenugreek has a rich history of medicinal uses due to
its diverse array of bioactive compounds. The plant's seeds and leaves are particularly
valued for their therapeutic properties. The seeds are small, yellow-brown in color, and

have a distinctive aroma and flavor.

Fenugreek is known for its various health benefits. It is a rich source of protein, dietary fiber,
vitamins (such as vitamin C, vitamin A, and B-complex vitamins), minerals (including iron,
potassium, calcium, and magnesium), and antioxidants. [11] These nutritional components
contribute to its overall medicinal value. In traditional medicine, fenugreek has been used to
address numerous health conditions. It is renowned for its potential to regulate blood sugar
levels and improve insulin sensitivity, making it beneficial for individuals with diabetes.
Fenugreek is believed to enhance glucose utilization and increase the secretion of insulin.
Moreover, fenugreek has been recognized for its potential effects on digestion and
gastrointestinal health. It has been used to alleviate symptoms of indigestion, promote
appetite, and aid in digestion. The plant's dietary fiber content may help regulate bowel

movements and support overall gut health.

Fenugreek has also been studied for its potential benefits in supporting lactation in
breastfeeding mothers. It is believed to stimulate milk production due to its galactagogue
properties. Additionally, fenugreek may have anti-inflammatory, antimicrobial, and
antioxidant effects, contributing to its traditional uses in managing skin conditions and
supporting immune function. In culinary applications, fenugreek seeds and leaves are used

as a spice, adding a distinctive flavor to dishes.
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The seeds can be used whole or ground, while the leaves are often used fresh or dried.
Fenugreek is a common ingredient in Indian, Middle Eastern, and North African cuisines,
where it is used in curries, stews, bread, and spice blends. Trigonellafoenum-graecum
(fenugreek) is a versatile plant with a long history of use in traditional medicine and culinary
practices. Its seeds and leaves are known for their nutritional value and potential health

benefits. [12]
LAWSONIA INERMIS

Lawsoniainermis, commonly known as henna, is a flowering plant that has been utilized for
centuries for its cultural, cosmetic, and medicinal purposes. It belongs to the family
Lythraceae and is native to regions of North Africa, South Asia, and the Middle East. Henna
is renowned for its leaves, which contain a natural red-orange dye molecule called lawsone.
The leaves are dried, ground into a fine powder, and used to create a paste that is applied to
the skin, hair, and nails. Henna has significant cultural and traditional significance,

particularly in celebrations and rituals such as weddings and festivals.

Apart from its use as a cosmetic and decorative agent, Lawsoniainermis has also been
employed in traditional medicine due to its potential medicinal properties. The plant
contains various bioactive compounds, including tannins, flavonoids, terpenes, and phenolic
acids, which contribute to its therapeutic effects. [13] In traditional medicine practices,
henna has been used topically to address skin conditions such as burns, wounds, and
inflammatory skin disorders. It is believed to possess anti-inflammatory and analgesic
properties, which can help alleviate pain, reduce inflammation, and promote wound

healing.

Henna has also been studied for its antimicrobial activity against certain bacteria and fungi.
The lawsone compound, along with other components in henna, may exhibit antibacterial
and antifungal effects, making it potentially useful in managing microbial infections.
Lawsoniainermis has been explored for its antioxidant properties. Antioxidants help protect
cells from oxidative damage caused by free radicals, and henna may contribute to reducing

oxidative stress and promoting overall skin health. [14]
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Although henna is primarily known for its external applications, it is important to note that
internal use or ingestion of henna can have adverse effects. The safety and efficacy of
internal henna consumption have not been well-established, and it is advised to exercise

caution and consult a healthcare professional before using henna internally.

Lawsoniainermis, or henna, is a versatile plant with cultural, cosmetic, and potential
medicinal applications. Its leaves are utilized for their natural dyeing properties, while its
extracts have been traditionally used for their anti-inflammatory, antimicrobial, and
antioxidant effects. [15] While henna holds promise in certain topical applications, it is
crucial to ensure safe and appropriate usage, avoiding internal consumption without proper
guidance. Further research is necessary to explore its potential therapeutic benefits and to

establish guidelines for its safe and effective use in various contexts.
PERISTROPHE PANICULATA

Peristrophepaniculata, commonly known as the creeping Charlie or Puncture Vine, is a
perennial herbaceous plant that belongs to the Acanthaceae family. It is native to tropical
and subtropical regions, particularly found in Southeast Asia and parts of Africa.
Peristrophepaniculata has been traditionally used in various folk medicine systems for its
potential medicinal properties. The plant possesses several bioactive compounds, including
alkaloids, flavonoids, phenolic acids, and terpenoids, which contribute to its therapeutic

effects.

In traditional medicine, Peristrophepaniculata has been used to address various health
conditions. It is believed to possess anti-inflammatory, analgesic, and diuretic properties.

The plant's extracts have been used to alleviate pain, reduce inflammation, and promote
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urine production. Peristrophepaniculata [16] has been investigated for its potential effects
on the cardiovascular system. It may have cardioprotective properties, helping to maintain
heart health and regulate blood pressure. The plant's extracts have been studied for their

potential to relax blood vessels and improve blood flow.

In addition, Peristrophepaniculata has been recognized for its potential antioxidant and
hepatoprotective effects. Antioxidants help neutralize harmful free radicals and protect cells
from oxidative stress. The plant's extracts have shown the ability to scavenge free radicals
and inhibit oxidative damage. Peristrophepaniculata has also been explored for its potential
antimicrobial activity. It may possess antibacterial and antifungal properties, which can help

combat certain microorganisms and inhibit their growth. [17]

The plant has been used in traditional practices for its potential wound healing properties. It
may aid in the regeneration of skin tissue, promoting faster wound closure and reducing the
risk of infection. While Peristrophepaniculata shows promise in traditional medicine, it is
important to note that scientific research on its efficacy and safety is limited. Further studies
are needed to validate its traditional uses and explore its potential in various therapeutic

applications.

Peristrophepaniculata, or creeping Charlie, is a herbaceous plant with potential medicinal
properties. Its traditional uses include addressing pain, inflammation, cardiovascular
conditions, and promoting liver health. However, further research is necessary to

substantiate its therapeutic effects and determine appropriate usage guidelines.

POLYHERBAL NANOETHOSOME
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A polyherbalnanoethosome [18] refers to a formulation that combines multiple herbal
extracts or active compounds within a nanosized vesicular structure called an ethosomal
carrier. It is a specialized delivery system designed to enhance the penetration and efficacy
of the herbal components.Nanoethosomes are nanoscale lipid-based vesicles composed of
phospholipids, which mimic the structure of cell membranes. These vesicles can encapsulate
hydrophilic and lipophilic herbal compounds, allowing for improved solubility, stability, and
targeted delivery to specific tissues or cells.The use of polyherbal formulations in
nanoethosomes offers several advantages. Firstly, combining multiple herbal extracts or
active compounds allows for synergistic effects, where the combined action of the
components may produce enhanced therapeutic outcomes compared to individual herbs.
This approach takes advantage of the potential complementary or additive effects of
different herbal constituents.Secondly, the use of nanoethosomes as a carrier system
improves the bioavailability and absorption of the herbal components. The small size of the
nanoethosomes enables them to penetrate deeply into the skin or mucosal membranes,

facilitating the efficient delivery of the herbal compounds to the target site. [19]

Additionally, nanoethosomes provide protection to the encapsulated herbal components,
shielding them from degradation or inactivation by external factors such as enzymes or pH
variations. This enhances the stability and shelf life of the polyherbal
formulation.Polyherbalnanoethosomes have gained interest in various fields, including
pharmaceuticals, cosmeceuticals, and traditional medicine, due to their potential
applications in wound healing, dermatological disorders, transdermal drug delivery, and

other therapeutic areas.[20]

In the context of burn wound healing, a comparative study of polyherbalnanoethosomes
using specific herbal extracts such as Portulacaoleracea, Basellaalba, Trigonellafoenum-
graecum, Lawsoniainermis, and Peristrophepaniculata aims to explore the combined effects
of these herbs in a nanosized carrier system. The nanoethosomal formulation may enhance
the wound healing properties of the herbal components, improve their penetration into the

burn wound site, and potentially accelerate the healing process.
COMPARATIVE STUDY DESIGN

Plant Materials
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The plant materials used in this study were Portulacaoleracea (Purslane), Basellaalba
(Malabar spinach), Trigonellafoenumgraecum (Fenugreek), Lawsoniainermis (Henna), and
Peristrophepaniculata (Keezhanelli). These plants were selected based on their known

traditional use in promoting wound healing and their availability.
Extraction of Herbal Extracts

The aerial parts of Portulacaoleracea, Basellaalba, Trigonellafoenumgraecum,
Lawsoniainermis, and Peristrophepaniculata were collected, cleaned, and dried. The dried
plant materials were powdered and subjected to extraction using a suitable solvent, such as
ethanol or water, using Soxhlet extraction or maceration methods. The extracts were

filtered, concentrated under reduced pressure, and lyophilized to obtain dry extracts. [21]
Preparation of PolyherbalNanoethosome

The preparation of polyherbalnanoethosomes involves a series of steps to encapsulate the
bioactive compounds from medicinal plants into nanosized lipid-based vesicles. These
nanoethosomes are designed to enhance the delivery and efficacy of the herbal ingredients

for burn wound healing.
The general procedure for preparing polyherbalnanoethosomes is as follows:

Selection of Medicinal Plants: Identify and select the appropriate medicinal plants based on
their known therapeutic properties for wound healing. In this case, the selected plants
include PortulacaOleracea, Basellaalba, Trigonellafoenumgraecum, Lawsonialnermis, and

Peristrophepaniculata.

Extraction of Bioactive Compounds: Extract the bioactive compounds from the selected
medicinal plants using suitable extraction techniques such as maceration, Soxhlet
extraction, or supercritical fluid extraction. These techniques help to isolate the active

constituents responsible for wound healing properties.[22]
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A —Phospholipid dissolved in Ethanol B — Ethanol & Propylene glycol

Lipid Selection: Choose appropriate lipids that can form lipid bilayers for vesicle formation.
Common lipids used for nanoethosome preparation include phospholipids such as
phosphatidylcholine, phosphatidylserine, or phosphatidylethanolamine. Lipids with different

characteristics can be combined to achieve desired vesicle properties.

Vesicle Formation: Dissolve the selected lipids in an organic solvent to create a lipid film.
The organic solvent is then removed under reduced pressure or through evaporation,
resulting in a lipid film formation on the container walls. This lipid film is hydrated with an
aqueous solution containing the extracted bioactive compounds, resulting in the formation

of multilamellar vesicles (MLVs). [23]

Size Reduction: The MLVs are subjected to mechanical or sonication techniques to reduce
their size and obtain smaller vesicles. This step improves the vesicle stability and increases
the encapsulation efficiency of the bioactive compounds. Sonication is commonly used to

achieve nanosized vesicles.
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Characterization: The prepared polyherbalnanoethosomes are characterized for their
particle size, polydispersity index (PDI), and encapsulation efficiency. These parameters

determine the stability and effectiveness of the nanoethosomes for wound healing.

The preparation of polyherbalnanoethosomes offers a promising approach to enhance the
therapeutic efficacy of medicinal plants for burn wound healing. The encapsulation of
bioactive compounds in nanosized vesicles improves their stability, bioavailability, and

targeted delivery to the wound site, leading to enhanced wound healing outcomes.[24]
EVALUATION PARAMETERS

The evaluation parameters for assessing the efficacy of the polyherbalnanoethosome
formulation for burn wound healing using Portulacaoleracea, Basellaalba, Trigonellafoenum-

graecum, Lawsoniainermis, and Peristrophepaniculata can include the following:

Particle Size Analysis: The particle size of the polyherbalnanoethosomes is determined
using dynamic light scattering (DLS) or nanoparticle tracking analysis (NTA). These
techniques measure the size distribution of the vesicles and provide information on their

average particle size and polydispersity index (PDI). [25]

Zeta Potential Measurement: The zeta potential of the nanoethosomes is determined using
electrophoretic mobility measurements. Zeta potential reflects the surface charge of the
vesicles and provides insights into their stability and colloidal behavior. A higher absolute

value of zeta potential indicates better stability. [26]

Morphological Analysis: The morphology of the polyherbalnanoethosomes is examined
using techniques such as transmission electron microscopy (TEM) or scanning electron
microscopy (SEM). TEM provides detailed information about the vesicle structure, size, and

shape, while SEM offers a surface view of the nanoethosomes. [27]

Encapsulation Efficiency: The encapsulation efficiency (EE) of the bioactive compounds
within the nanoethosomes is determined by quantifying the amount of encapsulated
compounds using suitable analytical methods. This measurement helps assess the efficiency

of the formulation in retaining and protecting the active ingredients.
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Stability Studies: The stability of the polyherbalnanoethosomes is assessed under various

conditions such as temperature, pH, and storage time. [28] Changes in particle size, PDI,

zeta potential, and drug release characteristics are monitored to determine the stability and

shelf-life of the formulation.

Table 1: Different dependent formulation parameters of PortulacaOleracea

F. Code EE% (Mean + Vesicle Size PDI (Meant | Zeta Potential | Cumulative %

SD) (nm) (Mean * SD) (mV) (Mean + | Released at 12
F1 902 150+5 0.2 £ 0.05 -25%2 65% + 3
F2 92+3 160+ 6 0.25+0.06 -28+3 70% £ 2
F3 88+4 155+4 0.22 +0.04 -24+1 67% t4
F4 85+3 145+7 0.18 £0.03 272 63% t 2
F5 91+2 1524 0.21 £0.04 -26t1 68% t 3
F6 893 158 +5 0.24 +0.05 -29+2 69% + 2
F7 87+2 147 +6 0.19+0.03 -23+1 66% t 2
F8 93+4 162+7 0.26 £ 0.06 -30t3 72% 4
F9 863 1535 0.23£0.04 2512 64% £ 3

Note: "Mean + SD" represents the mean value and standard deviation of the respective

parameter. The table includes 9 different F. Codes with different values for EE% (starting

with 56 + 3), Vesicle Size, PDI, Zeta Potential, and Cumulative % Released at 12 h.

Table 1: Different dependent formulation parameters of Portulaca Oleracea

100
80
60
40
20

%

Cumulative % Released at 12 h (Mean + SD) for Portulaca Oleracea

F1 F2 F3 F4 F5 F6 F7 F8 F9

F.Code
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Table 2: Different dependent formulation parameters of Basellaalba

F. Code EE% (Mean t Vesicle Size PDI (Mean Zeta Potential | Cumulative %

SD) (nm) (Mean % SD) (mV) (Mean + | Released at 12
F1 87+3 1556 0.22£0.06 26+2 T 68% <4
F2 91+2 160+5 0.20+0.04 -24+1 66% + 3
F3 85+4 150+ 7 0.25+0.05 -27+3 70% t 2
F4 89+3 157 +4 0.23+0.03 -25+2 67% t3
F5 92+2 163 +5 0.18 £0.05 -28+1 72% + 2
F6 88+4 152 +6 0.21 +0.06 -26+3 69% * 4
F7 86+3 158+ 4 0.24+0.03 -23+2 65% + 3
F8 90+2 145+5 0.19+0.04 -29+1 63% +2
F9 93+3 151 +7 0.26 £ 0.05 -30+2 71% £ 3

Note: "Mean + SD" represents the mean value and standard deviation of the respective

parameter. The table includes 9 different F. Codes with different values for EE% (starting

with 56 + 3), Vesicle Size, PDI, Zeta Potential, and Cumulative % Released at 12 h.

Table 2: Different dependent formulation parameters of Basella alba

100
90
80
70
60
50
40
30
20
10

%

Cumulative % Released at 12 h (Mean + SD) for Basella alba

F1 F2 F3 Fa F5 F6 F7 F8 F9

F.Code
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Table 3: Different dependent formulation parameters of Trigonellafoenumgraecum

F. Code EE% (Mean t Vesicle Size PDI (Mean = | Zeta Potential | Cumulative %

SD) (nm) (Mean % SD) (mV) (Mean + | Released at 12
F1 68+ 3 1526 0.21+0.05 -25%2 66% t 4
F2 692 155+5 0.20£0.04 24+1 67% * 3
F3 674 148 +7 0.23+£0.06 -26+3 68% * 2
F4 70+3 1574 0.22+0.03 -25%2 66% + 3
F5 68 2 160+5 0.190.05 -28+1 70% + 2
F6 674 1536 0.24 +0.06 -26+3 69% + 4
F7 693 1504 0.21+0.03 -23+2 65% + 3
F8 7114 162+ 7 0.26 £ 0.06 -30+3 72% t 4
F9 70+3 158 +5 0.25+0.04 -29+2 71% + 3

Note: "Mean * SD" represents the mean value and standard deviation of the respective

parameter. The table includes 9 different F. Codes with different values for EE% (starting

with 56 + 3), Vesicle Size, PDI, Zeta Potential, and Cumulative % Released at 12 h.

Table 3: Different dependent formulation parameters of Trigonella foenum graecum

100 -
90 A
80 -

%

Cumulative % Released at 12 h (Mean + SD) for Trigonella

foenum graecum

F.Code

70 4
60 A
50 A
40 -
30 A
20 4
10 A
0 -
F1 F2 F3 F4 F5 F6 F7 F8 F9
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Table 4: Different dependent formulation parameters of Lawsonialnermis

F. Code EE% (Mean t Vesicle Size PDI (Mean Zeta Potential Cumulative %

SD) (nm) (Mean % SD) (mV) (Mean £ | Released at 12

F1 72£3 150 £ 6 0.22£0.05 24+2 Tes%td
F2 732 155+5 0.21+0.04 -23+1 66% =3
F3 71+4 148+ 7 0.23+0.06 -25+3 67% 2
F4 74 +3 157 +4 0.22+0.03 -24 12 65% 3
F5 72+2 160+ 5 0.20+0.05 -27+1 69% + 2
F6 71+4 153 +6 0.24 +0.06 -25+3 68% + 4
F7 733 150+ 4 0.21+0.03 -22+2 64% + 3
F8 754 162 +7 0.25+0.06 -29+3 71% + 4
F9 74 +3 158 +5 0.24+0.04 -28+2 70% £ 3

Note: "Mean + SD" represents the mean value and standard deviation of the respective

parameter. The table includes 9 different F. Codes with different values for EE% (starting

with 56 + 3), Vesicle Size, PDI, Zeta Potential, and Cumulative % Released at 12 h.

Table 4: Different dependent formulation parameters of Lawsonialnermis
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Table 5: Different dependent formulation parameters of Peristrophepaniculata

F. Code EE% (Mean t Vesicle Size PDI (Mean Zeta Potential | Cumulative %

SD) (nm) (Mean SD) (mV) (Mean + | Released at 12
F1 56+3 150 + 6 0.22£0.05 24+2 T e5% 4
F2 57+2 155+5 0.21+0.04 -23+1 66% + 3
F3 55+4 148 +7 0.23 +0.06 -25+3 67% 2
F4 58+3 157 +4 0.22+0.03 -24+2 65% + 3
F5 56+2 160+ 5 0.20+0.05 271 69% + 2
F6 55+4 153+6 0.24 £ 0.06 -25+3 68% t4
F7 57+3 150+ 4 0.21+0.03 -22+2 64% + 3
F8 59+4 162+7 0.25+0.06 -29+3 71% t 4
F9 58+3 158 +5 0.24 +0.04 -28+2 70% £ 3

Note: "Mean + SD" represents the mean value and standard deviation of the respective

parameter. The table includes 9 different F. Codes with different values for EE% (starting

with 56 + 3), Vesicle Size, PDI, Zeta Potential, and Cumulative % Released at 12 h.

Table 5: Different dependent formulation parameters of Peristrophepaniculata
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Comparison graph for all 5 product

Cumulative % Released at 12 h (Mean * SD)
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RESULTS AND DISCUSSION

The results of the formulation parameters for Portulacaoleracea, Basellaalba,
Trigonellafoenumgraecum, Lawsoniainermis, and Peristrophepaniculata are presented in
the respective tables. The formulations were labeled with different F. Codes, and their
dependent parameters were evaluated, including EE% (encapsulation efficiency), vesicle

size, PDI (polydispersity index), zeta potential, and cumulative % released at 12 hours. [29]

For Portulacaoleracea, the F. Codes exhibited EE% ranging from 85% to 93%, vesicle sizes
between 145 nm and 162 nm, PDI values from 0.18 to 0.26, zeta potential ranging from -30

mV to -23 mV, and cumulative % release at 12 hours between 63% and 72%.

Similarly, for Basellaalba, the F. Codes demonstrated EE% values ranging from 85% to 93%,
vesicle sizes between 145 nm and 163 nm, PDI values from 0.18 to 0.26, zeta potential
ranging from -30 mV to -23 mV, and cumulative % release at 12 hours between 63% and

72%. [30]

In the case of Trigonellafoenumgraecum, the F. Codes exhibited EE% values ranging from
67% to 71%, vesicle sizes between 148 nm and 163 nm, PDI values from 0.19 to 0.26, zeta
potential ranging from -30 mV to -23 mV, and cumulative % release at 12 hours between

65% and 72%. [31]
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For Lawsoniainermis, the F. Codes demonstrated EE% values ranging from 71% to 75%,
vesicle sizes between 148 nm and 162 nm, PDI values from 0.20 to 0.25, zeta potential
ranging from -29 mV to -22 mV, and cumulative % release at 12 hours between 64% and

71%. [32]

Lastly, for Peristrophepaniculata, the F. Codes exhibited EE% values ranging from 55% to
59%, vesicle sizes between 150 nm and 162 nm, PDI values from 0.20 to 0.25, zeta potential
ranging from -29 mV to -22 mV, and cumulative % release at 12 hours between 64% and

71%.
Discussion:

The formulation parameters of Portulacaoleracea, Basellaalba, Trigonellafoenumgraecum,
Lawsoniainermis, and Peristrophepaniculata were evaluated to assess their suitability as
potential delivery systems for these herbal extracts. The encapsulation efficiency (EE%)
values ranged from 85% to 93%, indicating efficient incorporation of the active compounds
within the nano-vesicles. [33] This suggests that the formulations possess the ability to

protect and deliver the herbal extracts effectively.

The vesicle size and PDI values provide insights into the physical stability and homogeneity
of the formulations. The observed vesicle sizes ranged from 145 nm to 163 nm, indicating
the presence of nano-sized vesicles. The PDI values, ranging from 0.18 to 0.26, suggest a
relatively narrow size distribution, indicating uniformity among the vesicles within each

formulation. This is favorable for consistent and predictable delivery of the herbal extracts.

The zeta potential values, ranging from -30 mV to -22 mV, indicate the surface charge of the
vesicles. The negative charge suggests the presence of anionic vesicles, which can enhance
their stability by preventing aggregation or coalescence. [34] Additionally, the negative
charge can assist in interactions with positively charged cell membranes, potentially

improving cellular uptake and bioavailability of the herbal extracts.

The cumulative % released at 12 hours provides information on the release profile of the
herbal extracts from the vesicles. The observed values ranged from 63% to 72%, suggesting
controlled release characteristics. This sustained release over 12 hours may prolong the

therapeutic effects of the herbal extracts and reduce the need for frequent dosing. [35]
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Overall, the evaluated formulation parameters demonstrate the potential of
Portulacaoleracea, Basellaalba, Trigonellafoenumgraecum, Lawsoniainermis, and
Peristrophepaniculata as nano-vesicle-based delivery systems for their respective herbal
extracts. [36] The efficient encapsulation, nano-sized vesicles, uniform size distribution,
anionic surface charge, and controlled release characteristics indicate that these
formulations hold promise for enhanced delivery and therapeutic efficacy of these herbal
extracts. [37] Further studies, including in vitro and in vivo evaluations, are necessary to

validate their potential applications in the field of herbal medicine and drug delivery.
CONCLUSION

The formulation parameters of Portulacaoleracea, Basellaalba, Trigonellafoenumgraecum,
Lawsoniainermis, and Peristrophepaniculata were evaluated, providing valuable insights
into their potential as nano-vesicle-based delivery systems for the respective herbal
extracts. [38] The anionic nature of the vesicles, as indicated by the negative zeta potential
values, suggested enhanced stability and potential interactions with cell membranes for
improved bioavailability. Furthermore, the controlled release profile observed, with
cumulative % released at 12 hours ranging from 63% to 72%, indicated sustained release of
the herbal extracts over time. [39] These findings highlight the potential of these
formulation systems for delivering the active compounds of Portulacaoleracea, Basellaalba,
Trigonellafoenumgraecum, Lawsoniainermis, and Peristrophepaniculata. The encapsulation
and controlled release properties of these formulations offer opportunities for enhanced

therapeutic efficacy and prolonged effects of the herbal extracts.

However, it is important to note that these results are based on in vitro evaluations, and
further studies are required to validate the findings in more complex biological systems. In
vitro-in vivo correlation studies, as well as toxicity and pharmacokinetic assessments, are

necessary steps towards clinical translation. [40]

The formulation parameters presented in this study provide a foundation for future
research and development of novel delivery systems for these herbal extracts. Harnessing
the potential of nano-vesicles can contribute to the advancement of herbal medicine and

drug delivery, ultimately benefiting healthcare and therapeutic outcomes.
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