Shejal Bhaghele, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 5, 2114-2125 |Review

INTERNATIONAL JOURNAL OF ™

PHARMACEUTICAL SCIENCES OPEN ACCESS
[ISSN: 0975-4725; CODEN(USA): 1JPS00]
Journal Homepage: https://www.ijpsjournal.com

Review Article

Phytopharmaceutical Development and Evaluation of Polyherbal Gel for
Wound Healing Therapy (Pipal, Neem, Aloe vera)

Shejal Bhaghele*', Atul Bisen? Rajesh Mujariya? Manjeet Singh*

!Research Scholar of Institute of Pharmaceutical Science & Research, Balaghat (M.P.)
?Associate, Professor of Institute of Pharmaceutical Science & Research, Balaghat (M.P.)
Principal & Professor of Institute of Pharmaceutical Science & Research, Balaghat (M.P.)
‘Executive Director of Institute of Pharmaceutical Science & Research, Balaghat (M.P.)

ARTICLE INFO ABSTRACT
Published: 09 May. 2026 Wound healing is a highly coordinated and complex physiological process that restores
Keywords: the integrity and function of damaged tissues. It progresses through a sequence of
Polyherbal gel, Wound overlapping phases, namely hemostasis, inflammation, proliferation, and remodeling.
healing, Ficus religiosa, Although several synthetic drugs are available for wound management, their use is
Azadirachta indica, Aloe often limited by factors such as delayed healing, risk of infection, microbial resistance,
vera, Phytopharmaceuticals and adverse side effects. These limitations have led to increasing interest in alternative
DOI: therapeutic approaches, particularly those based on natural products. Herbal therapy
10.5281/zen0do.20098864 has emerged as a promising option due to its safety, affordability, and wide range of

biological activities. Medicinal plants contain diverse phytoconstituents such as
flavonoids, tannins, alkaloids, and phenolic compounds, which play a crucial role in
promoting wound healing. These compounds exhibit antimicrobial, anti-inflammatory,
antioxidant, and tissue regenerative properties, making them suitable for topical
applications. This review aims to explore the potential of a polyherbal gel formulation
containing Ficus religiosa (Pipal), Azadirachta indica (Neem), and Aloe vera for wound
healing therapy. The concept of a polyherbal formulation is based on synergism, where
multiple plant extracts work together to enhance therapeutic efficacy. The gel dosage
form offers additional advantages such as ease of application, improved drug
penetration, and maintenance of a moist environment conducive to healing. Evidence
from various studies suggests that Neem provides strong antimicrobial action, Aloe
vera accelerates epithelialization and hydration, and Pipal promotes collagen synthesis
and tissue repair. The combined effect of these plants results in faster wound
contraction, reduced inflammation, and improved healing quality
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In conclusion, polyherbal gel formulations represent a safe
and effective alternative to conventional wound care
treatments. Future research should focus on clinical studies,
standardization, and advanced formulation strategies to
optimize their therapeutic potential and support their
commercialization.

INTRODUCTION
1.1 Definition of Wound and Wound Healing

A wound is defined as a break or disruption in the
normal structure and function of the skin or
underlying tissues caused by physical injury,
chemical exposure, or microbial infection. Wound
healing is the body’s natural repair process that
restores the integrity of damaged tissues. It
involves a series of coordinated biological events
at the cellular and molecular levels, ultimately
leading to tissue regeneration and recovery of
function.!!

1.2 Types of Wounds (Acute and Chronic)

Wounds are broadly classified into acute and
chronic types. Acute wounds, such as cuts, burns,
and surgical incisions, heal within a normal and
predictable period under proper conditions. In
contrast, chronic wounds are those that fail to heal
in an expected time frame, often due to underlying
conditions like diabetes, poor circulation, or
infection. Common examples include diabetic foot
ulcers and pressure ulcers. [?!

1.3 Phases of Wound Healing
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1.3.1 Hemostasis

This is the initial phase that occurs immediately
after injury. Blood vessels constrict, and clot
formation takes place to stop bleeding. The clot
also acts as a protective barrier against microbial
invasion.

1.3.2 Inflammation

In this phase, immune cells such as neutrophils and
macrophages migrate to the wound site. They
remove debris, dead cells, and pathogens. This
phase is typically associated with redness,
swelling, heat, and pain.

1.3.3 Proliferation

During the proliferative phase, new tissue
formation begins. Fibroblasts produce collagen,
angiogenesis occurs, and epithelial cells migrate to
cover the wound surface, leading to gradual wound

closure.
1.3.4 Remodeling

This is the final phase where the newly formed
tissue undergoes maturation. Collagen fibers are
reorganized, increasing the tensile strength and
stability of the healed tissue. [*!
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Figure 1: Phases of Wound Healing

1.4 Limitations of Synthetic Drugs

Although synthetic drugs are widely used for
wound management, they have several limitations.
These include potential side effects, allergic
reactions, delayed healing in some cases, and the
emergence of antimicrobial resistance. Such
drawbacks highlight the need for alternative
therapeutic approaches. !

1.5 Growing Importance of Herbal
Formulations
Herbal formulations are gaining increasing

attention due to their natural origin, safety, and
cost-effectiveness. Medicinal plants contain
bioactive compounds that exhibit
antimicrobial, anti-inflammatory, and antioxidant
properties, which are beneficial in promoting
wound healing. Polyherbal formulations,
particular, offer synergistic effects, enhancing
overall therapeutic efficacy. !

various

n

2: PATHOPHYSIOLOGY OF WOUND
HEALING

2.1 Cellular and Molecular Mechanisms

o
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Wound healing is regulated by
interactions between different cell types, including
platelets, neutrophils, macrophages, fibroblasts,
and keratinocytes. These cells communicate
through signaling molecules to coordinate tissue
repair and regeneration. [¢]

complex

2.2 Role of Cytokines

Cytokines are signaling proteins that regulate
inflammation and immune responses. They help in
cell migration, proliferation, and differentiation,
ensuring proper coordination of the healing
process.

2.3 Role of Growth Factors (VEGF, TGF-p)["!

Growth factors play a crucial role in wound
healing. Vascular Endothelial Growth Factor
(VEGF) promotes the formation of new blood
vessels (angiogenesis), while Transforming
Growth Factor-beta (TGF-B) stimulates collagen
synthesis and tissue regeneration.

2.4 Role of Fibroblasts and Collagen [*!

Fibroblasts are essential cells responsible for
producing collagen and extracellular matrix
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components. Collagen provides structural support
and strength to the newly formed tissue, which is
vital for proper wound healing.

2.5 Factors Affecting Wound Healing
2.5.1 Infection

Infection can delay the healing process by
prolonging inflammation and damaging healthy
tissues. 1

2.5.2 Diabetes

Diabetes impairs blood circulation and immune
function, resulting in delayed wound healing and
increased risk of chronic wounds.

2.5.3 Oxidative Stress

Excess production of free radicals leads to
oxidative stress, which damages cells and
interferes with the normal healing process. ‘!

Factors Influencing Healing of Wounds

Oxygenation
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- Foreign Body Invasion

- Blood Supply

Local Factors Systemic Factors
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Nutrition, and Smoking)

Figure 2: Factors Affecting Wound Healing

3: ROLE OF MEDICINAL PLANTS
WOUND HEALING

IN

3.1 Medicinal Plants in Wound Care

Medicinal plants have been widely used since
ancient times for the treatment of wounds and
skin-related disorders. In modern research, there is
increasing interest in plant-based therapies due to
their safety, cost-effectiveness, and broad
spectrum of biological activities. Unlike synthetic
drugs that often act on a single target, medicinal
plants contain multiple bioactive compounds that
work together to enhance the healing process.
These natural agents not only support tissue repair
but also reduce the risk of complications
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associated with wound healing. ['!! Plants are rich
in phytoconstituents such as flavonoids, tannins,
alkaloids, saponins, and phenolic compounds.
These compounds play a crucial role in
accelerating wound healing by controlling
infection, reducing inflammation, and promoting
the regeneration of damaged tissues. ['*!

3.2 Mechanisms of Action of Medicinal Plants

Medicinal plants promote wound healing through
several important mechanisms. They exhibit
strong antimicrobial activity, which helps prevent
infection at the site. Their anti-
inflammatory properties reduce swelling, redness,
and pain by modulating inflammatory mediators.

wound
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In addition, antioxidant compounds present in
plants neutralize free radicals, thereby protecting
cells from oxidative damage. Many medicinal
plants also enhance collagen synthesis, which is
essential for tissue strength and
Furthermore, they promote epithelialization,
leading to faster closure of the wound surface. %!

repair.

3.3 Important Medicinal Plants Used in Wound
Healing

3.3.1 Pipal (Ficus religiosa)

Pipal is a well-known medicinal plant with
significant wound healing potential. It contains
bioactive compounds such as flavonoids, tannins,
and sterols, which contribute to its
pharmacological effects. These constituents
exhibit antioxidant and anti-inflammatory
activities, helping to reduce tissue damage and
support healing. Additionally, Pipal enhances
collagen synthesis, which improves the structural
integrity and strength of the healed tissue. ']

Figure 3 Pipal (Ficus religiosa)

3.3.2 Neem (Azadirachta indica)

Neem is widely recognized for its potent
antimicrobial and anti-inflammatory properties. It
contains active constituents such as nimbidin and
azadirachtin, which are effective against a variety

of microorganisms. Neem helps prevent infection
at the wound site and reduces inflammation,
thereby promoting faster wound contraction and
healing. (']

Figure 4 Neem (Azadirachta indica)
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3.3.3 Aloe vera (Aloe indica)

Aloe vera is commonly used in wound care due to
its soothing and healing properties. It contains
polysaccharides, vitamins, and enzymes that
contribute to its therapeutic effects. Aloe vera

maintains moisture at the wound site, enhances
epithelialization, and stimulates fibroblast activity.
These actions lead to faster tissue regeneration and

improved healing outcomes. ¢!

Figure 5 Aloe vera (Aloe indica)

3.4 Advantages of Using Medicinal Plants in
Wound Healing

The use of medicinal plants in wound healing
offers several advantages. They are natural and
generally safe with minimal side effects. They are
cost-effective and easily available, especially in
developing countries. '’ Medicinal plants provide
multiple therapeutic actions, including
antimicrobial, anti-inflammatory, and antioxidant
effects. They are also suitable for long-term use
and have a lower risk of developing drug
resistance compared to synthetic drugs. ['®!

4: HERBAL GEL AS A DRUG DELIVERY
SYSTEM

4.1 Herbal Gel '

Herbal gels are semisolid dosage forms designed
for topical application, incorporating plant extracts
into a suitable gel base. They are widely used in
wound healing due to their ability to deliver active
constituents directly to the affected area. Herbal
gels provide a cooling and soothing effect,
enhance drug penetration, and maintain a moist
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environment, which is essential for effective
wound healing.

4.2 Advantages of Gel >

o Easy Application: Gels are smooth, non-
greasy, and can be easily applied and spread
over the skin without causing discomfort.

o Better Patient Compliance: Due to their
pleasant texture, non-sticky nature, and ease

of removal, patients prefer gels over
ointments or creams.
e Controlled Release: Gels can provide

sustained and controlled release of active
ingredients, ensuring prolonged therapeutic
action at the wound site.

4.3 Types of Gels !
4.3.1 Hydrogels

Hydrogels are water-based systems that contain
hydrophilic polymers. They retain moisture and
provide a cooling effect, which is beneficial for
wound healing. Hydrogels help in maintaining a
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moist environment, promoting faster tissue repair
and reducing pain.

4.3.2 Organogels

Organogels are oil-based gel systems in which the
liquid phase is an organic solvent. They are useful
for delivering lipophilic drugs and provide better
penetration through the skin. Organogels also
enhance the stability of certain plant extracts.

4.4 Role of Excipients [*?!

e Carbopol:
Carbopol is a commonly used gelling agent
that provides viscosity and structure to the gel.
It helps in forming a stable and uniform gel
system and ensures proper consistency.

e Propylene Glycol:
Propylene glycol acts as a humectant and
penetration enhancer. It helps in retaining
moisture in the formulation and improves the
absorption of active ingredients through the
skin, [2%]

5: FORMULATION STRATEGIES OF
POLYHERBAL GEL

5.1 Extraction Methods
5.1.1 Maceration

Maceration is a simple extraction method in which
plant materials are soaked in a suitable solvent for
a specific period. This the active
constituents to dissolve into the solvent. It is easy
to perform but may require more time. >

allows

5.1.2 Soxhlet Extraction

Soxhlet extraction is a continuous extraction
process that uses repeated cycles of solvent
extraction. It is more efficient than maceration and

U
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ensures maximum extraction of phytoconstituents
from plant materials. [

5.2 Gel Preparation Methods

The gel is typically prepared by dispersing a
gelling agent such as Carbopol in water and
allowing it to swell. The herbal extracts are then
incorporated into the gel base with continuous
stirring. A neutralizing agent,
triethanolamine, is added to adjust the pH and
form a stable gel. The formulation is mixed
thoroughly to obtain a homogeneous product. [2°/

such as

5.3 Optimization Parameters

Optimization of the formulation is essential to
achieve the desired therapeutic effect. Important
parameters include the concentration of gelling
agent, number of herbal extracts, pH, viscosity,
and spreadability. These factors influence the
stability, consistency, and drug release properties
of the gel. 271

5.4 Stability Considerations

Stability studies are carried out to ensure that the
formulation remains effective and safe over time.
Factors such as temperature, humidity, and light
exposure can affect the stability of herbal gels.
Parameters like color, odor, pH, and consistency
are monitored during storage to assess stability. [?*]

6: EVALUATION PARAMETERS
6.1 Physicochemical Evaluation

Physicochemical evaluation of the polyherbal gel
is an essential step to ensure its quality, stability,
safety, and therapeutic effectiveness. These
parameters help in determining whether the
formulation is suitable for topical application and
capable of delivering the desired pharmacological
action. [%%]
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6.1.1 pH

The pH of the gel is a critical parameter that
determines its compatibility with the skin. Ideally,
the pH of a topical formulation should be close to
the natural skin pH, which ranges between 5.5 and
7. Maintaining this range is important to prevent
skin irritation, dryness, or allergic reactions. ("
The pH is usually measured using a calibrated
digital pH meter by dispersing a small quantity of
gel in distilled water. A stable pH also indicates
good formulation Any
significant variation in pH during storage may
suggest chemical instability or degradation of

integrity over time.

active constituents.
6.1.2 Viscosity

Viscosity refers to the thickness or internal
resistance to flow of the gel. It plays a vital role in
determining the consistency, stability, and ease of
application of the formulation. An ideal gel should
neither be too thick nor too runny. Viscosity is
Brookfield
viscometer under controlled conditions. Proper
viscosity ensures that the gel remains at the site of
application for a sufficient period, allowing better
absorption of active ingredients. It also influences
drug release; very high viscosity may slow down
drug diffusion, while very low viscosity may result
in rapid runoff and reduced efficacy. [*!

commonly measured using a

6.1.3 Spreadability

Spreadability is an important parameter that
reflects how easily the gel can be applied over the
skin surface. Good spreadability ensures uniform
distribution of the formulation, which is necessary
for consistent therapeutic action across the wound
area. It is usually determined by placing the gel
between two glass plates and measuring the time
or force required to spread it. A formulation with
good spreadability requires minimal effort for
application, enhances patient comfort, and
improves compliance. Poor spreadability may lead

to uneven application and reduced effectiveness.
[32]

6.1.4 Homogeneity

Homogeneity indicates the uniform distribution of
all components within the gel formulation. A
homogeneous gel appears smooth, consistent, and
free from lumps, aggregates, or phase separation.
This parameter is generally evaluated by visual
inspection and by touch. Proper homogeneity
ensures that the active herbal constituents are
evenly distributed throughout the formulation,
resulting in consistent drug delivery. Lack of
uniformity may lead to dose variation and reduced
therapeutic efficacy. It also reflects the stability
and quality of the formulation process. [**]

Table 1: Physicochemical Evaluation Parameters

Parameter Ideal Range / Method Importance
pH 5.5-7 Skin compatibility, avoids irritation
Viscosity | Measured by Brookfield viscometer | Affects consistency and drug release
Spreadability Parallel plate method Ensures uniform application
Homogeneity Visual inspection Ensures uniform drug distribution

7: MECHANISM OF
POLYHERBAL GEL

ACTION OF

The polyherbal gel formulated using medicinal
plants such as Ficus religiosa, Azadirachta indica,
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and Aloe vera promotes wound healing through
multiple complementary mechanisms. The
combined action of these phytoconstituents results
in enhanced therapeutic efficacy.
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7.1 Anti-inflammatory Action

Inflammation is a natural response to injury, but
prolonged inflammation can delay wound healing.
The polyherbal gel exhibits significant anti-
inflammatory activity by reducing the production
of inflammatory mediators such as prostaglandins
and cytokines. compounds like
flavonoids and tannins help in minimizing redness,
swelling, and pain, thereby creating a favorable
environment for healing. [*¥

Bioactive

7.2 Antioxidant Activity

Oxidative stress caused by free radicals can
damage cells and slow down the healing process.
The herbal constituents present in the gel possess
strong properties, which help
neutralize free radicals and protect tissues from
oxidative damage. This action promotes faster cell
repair and improves the overall healing process. 13!

antioxidant

7.3 Antimicrobial Effect

Infection is one of the major factors that can delay
wound healing. The polyherbal gel exhibits broad-
spectrum antimicrobial activity against bacteria
and fungi due to the presence of active compounds
such as nimbidin and phenolic constituents. This
helps in preventing microbial growth at the wound
site, reducing the risk of infection and supporting
faster recovery. (3¢

7.4 Collagen Synthesis and Tissue Regeneration

Collagen plays a crucial role in wound healing by
providing structural strength to the newly formed
tissue. The polyherbal formulation stimulates
fibroblast activity, leading to increased collagen
production and extracellular matrix formation.
This enhances tissue regeneration, improves
wound contraction, and results in stronger and
better-healed skin. 7]

Table 2: Mechanism of Action of Polyherbal Gel

Mechanism Description Role in Wound Healing
Anti- Reduces inflammatory mediators (prostaglandins, Decreases swelling, redness,
inflammatory cytokines) pain
Antioxidant Neutralizes free radicals Protects cells and accelerates
healing
Antimicrobial Inhibits bacterial and fungal growth Prevents infection at wound site
Collagen Stimulates fibroblast activity Enhances tissue strength and
synthesis repair
Tissue Promotes epithelialization and angiogenesis Speeds up wound closure
regeneration

8: CHALLENGES AND LIMITATIONS
8.1 Standardization of Herbal Extracts

One of the major challenges in herbal formulations
is the lack of standardization. Variations in plant
sources, harvesting conditions, and extraction
methods can affect the quality and concentration
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of active constituents, leading to inconsistent
results.

8.2 Batch-to-Batch Variability

Due to natural variations in plant materials, it is
difficult to maintain uniformity between different
batches of the formulation. This variability can
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influence the efficacy and reproducibility of the
product.

8.3 Stability Issues

Herbal formulations are often prone to stability
problems such as changes in color, odor, pH, and
consistency over time. Environmental factors like
temperature, light, and humidity can further affect
the stability of the gel.

8.4 Lack of Clinical Data

Although many studies demonstrate promising
results in laboratory and animal models, there is a
lack of sufficient clinical trials in humans. This
limits the acceptance and widespread use of
polyherbal formulations in modern medicine.

9: FUTURE PERSPECTIVES

9.1 Nano-formulations
Nanoemulsion)

(Nano-gel,

Advanced drug delivery systems such as nano-gels
and nanoemulsions can enhance the penetration,
bioavailability, and therapeutic effectiveness of
herbal compounds. These systems offer targeted
delivery and improved stability.

9.2 Clinical Trials

Conducting well-designed clinical trials 1is
essential to establish the safety and efficacy of
polyherbal gels in human subjects. This will help
in gaining scientific validation and regulatory
acceptance.

9.3 Regulatory
(Phytopharmaceutical Guidelines)

Approval

Standardization and compliance with regulatory
guidelines are necessary for the approval of herbal
products. Proper documentation, quality control,

U
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and validation studies are required to meet
regulatory standards.

9.4 Commercialization Potential

Polyherbal gels have strong market potential due
to increasing consumer preference for natural and
products. With proper formulation,
standardization, and clinical validation, these
products can be successfully commercialized.

safe

CONCLUSION
10.1 Summary of Findings

The review highlights the significant role of
medicinal plants in wound healing and the
advantages of incorporating them into a polyherbal
gel formulation. The
antimicrobial, anti-inflammatory, antioxidant, and
tissue regenerative properties
enhanced healing outcomes.

combined effects of

contribute to

10.2 Importance of Polyherbal Gel

Polyherbal gels offer a holistic approach to wound
management by targeting multiple pathways
involved in the healing process. They provide a
safe, effective, and patient-friendly alternative to
conventional treatments.

10.3 Potential as Alternative Therapy

Considering their therapeutic benefits, minimal
side effects, and cost-effectiveness, polyherbal gel
formulations have great potential as an alternative
to synthetic drugs. With further research, clinical
validation, and standardization, they can become
an integral part of modern wound care therapy.
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