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widely used, their effectiveness is often limited by poor drug penetration, frequent
application, and inadequate healing. Consequently, there is growing interest in herbal
medicines and nanotechnology-based drug delivery systems as alternative approaches
for improving wound management.Moringa oleifera and Mimosa pudica are medicinal
plants rich in flavonoids, phenolic compounds, alkaloids, and tannins that possess
antioxidant, anti-inflammatory, antimicrobial, and wound healing properties.
Incorporation of these phytoconstituents into nano-herbal formulations enhances their
stability, skin penetration, bioavailability, and sustained drug release, thereby improving
therapeutic efficacy. Nano-herbal gels have emerged as promising topical delivery
systems because they provide prolonged drug retention at the wound site while
promoting collagen synthesis, angiogenesis, fibroblast proliferation, and re-
epithelialization.This review summarizes the pathophysiology of diabetic wound
healing, the therapeutic potential of Moringa oleifera and Mimosa pudica, recent
advances in nano-herbal drug delivery systems, and their applications in diabetic wound
management. [t also highlights current challenges and future perspectives for the clinical
translation of nano-herbal formulations. Overall, nano-herbal gels represent a promising
strategy for enhancing diabetic wound healing and may offer a safe, effective, and
patient-friendly alternative to conventional wound therapies.

INTRODUCTION Diabetes mellitus (DM) i1s a chronic metabolic
disorder characterized by persistent

1.1 Diabetes Mellitus and Diabetic Wounds hyperglycemia resulting from impaired insulin
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secretion, insulin action, or both.['' It is one of the
fastest-growing  non-communicable  diseases
worldwide and is associated with several long-
term and
complications. 2 Among these complications,
diabetic wounds, particularly diabetic foot ulcers
(DFUs), represent one of the most severe and
difficult-to-treat  conditions. ™ Persistent
hyperglycemia  impairs  normal cellular
metabolism, weakens the
reduces blood circulation, and delays tissue

regeneration, thereby significantly affecting the

P

microvascular macrovascular

immune response,

wound healing process. Diabetic wounds
frequently become chronic because of prolonged
inflammation, infections, impaired
angiogenesis, and defective collagen synthesis. If
left untreated, these wounds may progress to
severe infection, tissue necrosis, gangrene, and
ultimately lower-limb amputation. [ Therefore,
the development of safe, effective, and affordable
therapeutic strategies for diabetic wound healing
has become a major focus of

pharmaceutical and biomedical research. [*!

recurrent

current

Gestational Diabetes
Mellitus: It occurs at the
onset or during the second or
third trimester. It accounts for
1-14% of all pregnancies.

Diabetes
Mellitus

Figure 1: Diabetes mellitus

1.2 Burden of Chronic Wounds

Chronic wounds constitute a major healthcare
challenge because of their prolonged healing
period, high recurrence rate, and substantial
economic burden. ®) The increasing global
prevalence of diabetes has resulted in a
corresponding rise in diabetic foot ulcers and other
chronic wounds. " Patients suffering from chronic
wounds often experience persistent pain, reduced
mobility, frequent hospitalization, and diminished
quality of life. 81 The financial burden associated
with wound management is also considerable due
to repeated clinical visits, prolonged medication
interventions, and long-term
addition to physical

use, surgical

rehabilitation. 1 In
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complications, chronic wounds frequently affect
the psychological well-being of patients by
causing anxiety, depression, and social isolation.
Consequently, improving wound management
remains an important healthcare priority

worldwide. [1°]

1.3 Limitations of Conventional Therapies

Current treatment strategies for diabetic wound
management include wound debridement,
antibiotics, antiseptics, growth factors, skin
substitutes, negative pressure wound therapy, and
advanced wound dressings. Although these
approaches have improved clinical outcomes to
some extent, limitations
Conventional therapies are often associated with

several remain.
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high treatment costs, limited availability, frequent
dressing changes, poor patient compliance, and the
emergence of antimicrobial resistance due to
prolonged antibiotic use. ') Moreover, many
synthetic agents target a single
pathological pathway and fail to address the
multifactorial nature of diabetic wounds, including

primarily

oxidative  stress, inflammation, impaired
angiogenesis, and delayed collagen synthesis.
These limitations have encouraged researchers to
investigate alternative therapeutic approaches that
are more effective, safer, and capable of promoting

comprehensive tissue regeneration. 1!

Table 1: Limitations of Conventional Therapies

Conventional Therapy

Limitation

Antibiotics

Antimicrobial resistance

Conventional dressings

Frequent replacement required

Topical creams/ointments

Poor skin penetration

Growth factor therapy High cost and instability
Skin grafting Limited donor tissue availability
Debridement Painful and requires skilled professionals
Systemic drugs Risk of systemic side effects
Overall therapy Delayed healing in chronic diabetic wounds

1.4 Importance of Herbal Medicines

Medicinal plants have been used for centuries in
traditional healthcare systems for the treatment of
wounds and skin disorders. Herbal medicines are
rich sources of biologically active phytochemicals
such as flavonoids, phenolic acids, tannins,
alkaloids, terpenoids, and saponins, which possess
antioxidant, anti-inflammatory, antimicrobial, and
tissue regenerative properties. ['*! These bioactive
constituents act through multiple biological
pathways to reduce oxidative stress, inhibit
microbial growth, stimulate fibroblast
proliferation, enhance collagen synthesis, promote
angiogenesis, and accelerate re-epithelialization.
Among various medicinal plants, Moringa oleifera
and Mimosa pudica have received considerable
scientific attention due to their well-documented
pharmacological activities and excellent safety
profiles. Their combined use may produce
synergistic therapeutic effects, making them
promising candidates for the development of novel
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phytopharmaceutical formulations for diabetic
wound healing. 14

1.5 Role of Nanotechnology

Nanotechnology has revolutionized modern drug
delivery by providing innovative systems capable
of improving the therapeutic performance of
conventional and herbal medicines. Nano-sized
carriers such as nanoemulsions, nanoparticles,
liposomes, and nanogels enhance the solubility,
stability, permeability, and controlled release of
bioactive compounds. In topical drug delivery,
nano-herbal gels facilitate deeper penetration of
phytoconstituents into the skin while protecting
them from premature degradation. The increased
surface area of nanoparticles improves interaction
with biological tissues and promotes sustained
drug release at the wound site, thereby reducing
dosing frequency and enhancing patient
compliance. Consequently, nano-herbal
formulations have emerged as promising

therapeutic ~ systems  for chronic  wound

management and tissue regeneration. [
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Table 2: Role of Nanotechnology in Topical Drug Delivery

Feature

Benefit in Topical Drug Delivery

Nano-sized Particles

Enhance skin penetration and drug absorption.

Increased Surface Area

Improves drug solubility and bioavailability.

Controlled Drug Release Provides prolonged therapeutic action.
Targeted Drug Delivery Delivers drugs directly to the affected site.
Enhanced Stability Protects active constituents from degradation.

Improved Retention

Increases residence time at the wound site.

Reduced Dosing Frequency| Improves patient compliance and convenience.

1.6 Aim of the Review

The present review aims to comprehensively
summarize the current understanding of diabetic
wound healing, the major pathological factors
responsible for delayed tissue repair, and recent
advances in phytopharmaceutical and
nanotechnology-based therapeutic approaches.
Particular emphasis is given to the wound healing
potential of Moringa oleifera and Mimosa pudica,
the role of nano-herbal gel formulations in
enhancing topical drug delivery, and future
opportunities for clinical translation and
commercialization of herbal nanomedicines for
diabetic wound management.

2. Pathophysiology of Diabetic Wound Healing

2.1 Normal Wound Healing

Wound healing is a dynamic and highly regulated
biological process that restores the structural and
functional integrity of injured tissue. It involves
coordinated interactions among inflammatory
cells, fibroblasts, keratinocytes, endothelial cells,
growth factors, cytokines, and extracellular matrix
proteins. Under normal physiological conditions,
wound healing progresses through four
overlapping phases: hemostasis, inflammation,
proliferation, and remodeling.  Successful
completion of each phase is essential for effective
tissue repair and restoration of normal skin
architecture. Any disturbance in these sequential

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

events may result in delayed healing or chronic
wound formation. !¢

2.2 Hemostasis

Hemostasis is the immediate response following
tissue injury and serves to prevent excessive blood
loss. During this phase, blood vessels constrict,
and platelets rapidly aggregate at the injury site to
form a stable fibrin clot. This clot acts as a
temporary extracellular matrix that supports the
migration of inflammatory cells and fibroblasts
into the wound. Activated platelets release several
growth factors, including platelet-derived growth
factor (PDGF), transforming growth factor-beta
(TGF-B), and vascular endothelial growth factor
(VEGF), which initiate subsequent phases of
tissue repair and promote cellular recruitment. [!”]

2.3 Inflammation

The inflammatory phase begins shortly after
hemostasis and plays a critical role in protecting
the wound from microbial invasion and removing
damaged tissue. Neutrophils are the first
inflammatory cells to infiltrate the wound,
followed by macrophages that phagocytose
cellular debris and pathogens. Macrophages also
secrete cytokines, chemokines, and growth factors
that regulate fibroblast proliferation, angiogenesis,
and extracellular matrix synthesis. Although
inflammation is essential for wound healing,
excessive or prolonged inflammation results in
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continuous tissue damage and significantly delays
[18]

wound repair.
2.4 Proliferation

The proliferative phase is characterized by active
tissue regeneration and wound closure. Fibroblasts
migrate into the wound bed and synthesize
collagen, fibronectin, and other extracellular
matrix proteins that form granulation tissue.
Simultaneously, endothelial cells promote
angiogenesis to establish a new vascular network
capable of supplying oxygen and nutrients to
regenerating tissue. Keratinocytes proliferate and
migrate across the wound surface to restore the
epidermal barrier through re-epithelialization.
Coordinated cellular activity during this phase is
essential for successful wound contraction and
tissue regeneration. 1°!

2.5 Remodeling

Remodeling represents the final stage of wound
healing and involves gradual maturation of newly
formed tissue. During this phase, type III collagen
is progressively replaced by stronger type I
collagen, resulting in increased tensile strength of
the repaired tissue. Matrix metalloproteinases
regulate extracellular matrix remodeling by
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balancing collagen synthesis and degradation. Scar
tissue becomes more organized and functionally
stable over time, although it rarely regains the full
strength of uninjured skin. Remodeling may
continue for several months following complete
wound closure. "]

2.6 Impaired Healing in Diabetes

Diabetes mellitus profoundly disrupts every stage
of the wound healing process. Persistent
hyperglycemia increases oxidative stress, impairs
immune cell function, decreases growth factor
production, inhibits fibroblast proliferation, and
suppresses  collagen synthesis. Endothelial
dysfunction reduces angiogenesis and
compromises blood supply to the wound, while
prolonged inflammation causes excessive tissue
destruction. Furthermore, diabetic neuropathy and
vascular insufficiency increase susceptibility to
repeated injury and infection. These pathological
alterations inflammatory
environment that prevents timely progression
through the normal stages of wound healing,
ultimately leading to chronic non-healing ulcers.

[21]
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Figure 2: Diabetes mellitus pathophysiology

3. Factors Responsible for Delayed Wound
Healing
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3.1 Hyperglycemia
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Persistent  hyperglycemia is the principal
pathological factor responsible for impaired
diabetic wound healing. Elevated blood glucose
promotes the formation of advanced glycation end
products (AGEs), which alter cellular signaling
pathways, impair fibroblast activity, inhibit
collagen synthesis, and reduce the regenerative
capacity of skin tissue. Hyperglycemia also
compromises immune cell function, thereby

increasing susceptibility to infection. 2%/

3.2 Oxidative Stress

Oxidative stress results from excessive production
of reactive oxygen species (ROS) that exceeds the
body's antioxidant defense capacity. High ROS
levels damage cellular proteins, membrane lipids,
nucleic acids, and mitochondria, leading to
apoptosis of fibroblasts and endothelial cells. This
oxidative damage delays angiogenesis, collagen
deposition, and epithelial regeneration, thereby
prolonging wound healing. %!

3.3 Chronic Inflammation

Diabetic wounds are characterized by persistent
activation of inflammatory pathways
continuous release of pro-inflammatory cytokines
such as TNF-a, IL-1PB, and IL-6. Sustained
inflammation delays the transition from the
inflammatory phase to the proliferative phase,
resulting in excessive tissue destruction and
impaired wound closure.

and

3.4 Infection

Reduced immune competence and impaired
leukocyte function increase the susceptibility of
diabetic wounds to bacterial infection. Microbial
colonization and biofilm formation prolong
inflammation, damage healthy tissue, and reduce
the effectiveness of antimicrobial therapy, thereby
significantly delaying wound healing. *¥

3.5 Poor Angiogenesis
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Angiogenesis is essential for supplying oxygen
and nutrients to regenerating tissues. In diabetes,
reduced expression of VEGF and endothelial
dysfunction impair the formation of new blood
vessels. Consequently, inadequate vascularization
delays granulation tissue formation, collagen
deposition, and epithelial regeneration.

3.6 Neuropathy

Diabetic peripheral neuropathy causes loss of
protective sensation in the extremities, allowing
repeated trauma and excessive pressure to occur
without patient awareness. Continuous mechanical
injury further damages tissue, increases the risk of
ulcer formation, and prolongs wound healing.

3.7 Extracellular Matrix (ECM) Degradation
The extracellular matrix provides
support for cell migration, collagen deposition,
and tissue regeneration. In diabetic wounds,
excessive activity of matrix metalloproteinases
accelerates degradation of extracellular matrix
proteins while reducing collagen accumulation.

structural

This imbalance weakens tissue integrity, delays
wound contraction, and contributes to the
persistence of chronic non-healing wounds. *°!

4. Herbal Medicines
Healing

in Diabetic Wound

4.1 Moringa oleifera

Moringa oleifera is one of the most extensively
investigated medicinal plants for wound healing
because of its rich phytochemical composition and
broad pharmacological activities. [*®! The leaves
contain flavonoids, phenolic compounds, tannins,
saponins, alkaloids, vitamins, and essential
minerals that collectively promote tissue repair. (7!
These bioactive constituents exhibit potent
antioxidant properties that neutralize reactive
oxygen species, thereby reducing oxidative stress
associated with diabetic wounds. ?®! In addition,

Moringa oleifera possesses significant anti-
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inflammatory suppressing  pro-
inflammatory cytokines, while its antimicrobial
properties help prevent infection.
Experimental studies have demonstrated that
oleifera  accelerates  fibroblast
proliferation, collagen deposition, angiogenesis,
and re-epithelialization, resulting in faster wound
contraction and improved tissue regeneration. 2]
Owing to its excellent safety profile and multiple

activity by
wound

Moringa

therapeutic mechanisms, Moringa oleifera is
considered a promising phytopharmaceutical
candidate for diabetic wound management. 3!
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Figure 3: Moringa oleifera

Table 4: Moringa oleifera

Parameter

Details

Botanical Name

Moringa oleifera Lam.

Family Moringaceae
Common Name Drumstick Tree
Part Used Leaves
Major Constituents Flavonoids, Phenolics, Vitamins
Key Activities | Antioxidant, Anti-inflammatory, Wound Healing

4.2 Mimosa pudica

Mimosa pudica, commonly known as the sensitive
plant, has long been used in traditional medicine
for treating wounds, burns, ulcers, and skin
infections. ! The plant is rich in flavonoids,
tannins, alkaloids, terpenoids, glycosides, and
phenolic compounds that contribute to its wound
healing activity. [3*! These phytochemicals exhibit
antioxidant and anti-inflammatory effects by
reducing oxidative damage and controlling
excessive inflammatory responses at the wound
site. 3*) The antimicrobial activity of Mimosa
pudica also helps inhibit the growth of pathogenic
microorganisms, thereby minimizing wound
infection. [*¥ Several experimental studies have
reported that Mimosa pudica enhances fibroblast

FIEY
ot

]
N
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proliferation, collagen synthesis, granulation
tissue formation, and epithelial regeneration,
leading to accelerated wound closure. These
pharmacological properties make it a valuable

herbal ingredient for developing advanced wound
[35]

shutterstock.com « 26218292439

Figure 4: Mimosa pudica
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Table 6: Mimosa pudica

Parameter

Details

Botanical Name

Mimosa pudica L.

Family Fabaceae (Mimosaceae)
Common Name Touch-Me-Not Plant
Part Used Whole Plant / Leaves

Major Constituents

Flavonoids, Tannins, Alkaloids, Glycosides

Key Activities

Antioxidant, Anti-inflammatory, Antimicrobial, Wound Healing

4.3 Aloe vera

Aloe vera i1s widely recognized for its wound
healing, moisturizing, and anti-inflammatory
properties. The gel obtained from its leaves
contains polysaccharides, glycoproteins, amino
acids, vitamins, and enzymes that support tissue
regeneration. Aloe vera maintains a moist wound

environment, stimulates fibroblast activity,
enhances collagen synthesis, and promotes
epithelial cell migration. It also exhibits

antimicrobial and antioxidant activities that reduce
microbial contamination and oxidative stress.
Owing to these therapeutic properties, Aloe vera
has been extensively incorporated into topical
formulations for chronic wound management. 16!

4.4 Curcumin

Curcumin, the principal bioactive constituent of
Curcuma longa (turmeric), has gained significant
attention for its potent antioxidant and anti-
inflammatory activities. It suppresses
inflammatory mediators such as TNF-a, IL-1p,
and IL-6 while scavenging reactive oxygen species
generated during diabetic wound healing.
Curcumin also stimulates collagen deposition,
fibroblast  proliferation, and
extracellular matrix remodeling. However, its poor
aqueous solubility and limited bioavailability have
encouraged the development of nano-based
delivery systems to enhance its therapeutic
efficacy. 7]

angiogenesis,

4.5 Centella asiatica
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Centella asiatica is an important medicinal herb
traditionally used to accelerate wound healing.

The plant contains triterpenoids such as
asiaticoside and madecassoside, which stimulate
fibroblast  proliferation, collagen synthesis,

angiogenesis, and extracellular matrix production.
These bioactive compounds enhance granulation
tissue formation, improve wound contraction, and
increase the tensile strength of healed tissue. Its
antioxidant and anti-inflammatory properties
further contribute to rapid tissue regeneration and
scar reduction. 1%

4.6 Neem (Azadirachta indica)

Azadirachta indica (Neem) possesses remarkable
antimicrobial, antioxidant, anti-inflammatory, and
immunomodulatory properties that make it
beneficial for wound management. The leaves and
bark contain bioactive compounds including
nimbidin, azadirachtin, flavonoids, and tannins
that inhibit microbial growth and reduce
inflammation. Neem extracts have been reported
to enhance collagen maturation, stimulate
angiogenesis, and accelerate epithelialization,
thereby promoting faster wound healing. Due to its
broad-spectrum antimicrobial activity, neem is
particularly useful in preventing wound infections
in diabetic patients. [**]

4.7 Other Medicinal Plants

Several other medicinal plants have also
demonstrated significant wound healing potential.
Calendula officinalis promotes granulation tissue
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formation and collagen synthesis through its anti-
inflammatory and  antioxidant  activities.
Terminalia arjuna enhances tissue regeneration by
improving collagen deposition and reducing
oxidative stress. Ocimum sanctum (Tulsi) exhibits
antimicrobial and immunomodulatory properties
that support wound healing, while Hibiscus
sabdariffa, Butea monosperma, and Catharanthus
roseus have also shown promising wound healing
effects in experimental studies. Collectively, these
medicinal plants provide valuable sources of
bioactive phytochemicals for the development of
effective phytopharmaceutical formulations for
diabetic wound management. (4]

S. Phytochemicals Responsible for Wound
Healing

5.1 Flavonoids

Flavonoids are among the most important
phytochemicals involved in wound healing due to
their potent antioxidant, anti-inflammatory, and
antimicrobial  properties. They effectively
scavenge reactive oxygen species, reduce lipid
peroxidation, and protect cells from oxidative
damage. Flavonoids also stimulate fibroblast
proliferation, collagen synthesis, angiogenesis,
and re-epithelialization, thereby accelerating
tissue regeneration and wound closure. (4!

5.2 Phenolic Compounds

Phenolic compounds possess strong antioxidant
activity that protects damaged tissues from
oxidative stress during wound healing. They
reduce inflammatory responses, inhibit microbial
growth, and promote collagen maturation. Their
ability to regulate cellular signaling pathways
contributes significantly to tissue repair and
remodeling in diabetic wounds. 4!

5.3 Tannins
Tannins  exhibit
antioxidant, and anti-inflammatory properties that

astringent,  antimicrobial,
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support wound healing. They promote wound
contraction by forming a protective layer over
damaged tissue, reduce exudate formation, and
enhance collagen deposition. Tannins also inhibit

thereby preventing wound
[43]

bacterial growth,
infection and accelerating tissue repair.

5.4 Alkaloids

Alkaloids contribute to wound healing through
their antimicrobial, anti-inflammatory,
analgesic activities. These compounds help reduce
microbial contamination, control inflammation,
and promote fibroblast proliferation. Certain
alkaloids have also been reported to stimulate
angiogenesis and collagen synthesis, facilitating

and

faster tissue regeneration. (4]

5.5 Saponins

Saponins immunomodulatory
antioxidant properties that enhance the wound
healing process. They stimulate fibroblast
migration, collagen synthesis, angiogenesis, and
granulation tissue formation. In addition, saponins

possess and

improve epithelial regeneration and contribute to
faster wound contraction. [

5.6 Terpenoids
Terpenoids are well known for their anti-
inflammatory, antimicrobial, and antioxidant
activities. They reduce inflammatory cytokine
production, enhance fibroblast proliferation,
stimulate collagen deposition, and
angiogenesis. These pharmacological

improve
effects
promote rapid tissue regeneration and reduce
healing time in chronic wounds. ¢!
5.7 Glycosides
Glycosides have been reported to facilitate wound
healing by enhancing cellular proliferation,
collagen formation, and extracellular matrix
synthesis. They also possess antioxidant properties
that minimize oxidative damage and support tissue
remodeling. Their combined biological activities
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contribute to improved wound contraction and
restoration of skin integrity. (7!

5.8 Synergistic Role of Phytochemicals

The wound healing activity of medicinal plants is
generally attributed to the synergistic action of
multiple phytochemicals rather than a single
constituent. Flavonoids, phenolics, tannins,
alkaloids, saponins, terpenoids, and glycosides act
through complementary mechanisms to reduce
oxidative stress, suppress inflammation, inhibit
microbial growth, stimulate angiogenesis, enhance
collagen synthesis, and promote epithelialization.
This multi-targeted pharmacological approach
makes phytopharmaceuticals highly effective
candidates for the treatment of diabetic wounds
and supports their incorporation into advanced
nano-herbal drug delivery systems. 8]

6. Nanotechnology-Based Drug Delivery
Systems

6.1 Nanoemulsions

Nanoemulsions are thermodynamically or
kinetically stable colloidal systems composed of
oil, water, surfactants, and co-surfactants, with
droplet sizes typically ranging from 20 to 200 nm.
Their small droplet size provides a large surface
area, which enhances the solubility, stability, and
skin permeation of poorly water-soluble
phytoconstituents. In diabetic wound healing,
nanoemulsions improve drug penetration into the
deeper layers of the skin, protect bioactive
compounds from degradation, and provide
sustained drug release. These characteristics
contribute to enhanced antioxidant,
inflammatory, and antimicrobial activities,

thereby accelerating tissue regeneration and
[49]

anti-

wound closure.

6.2 Nanogels

Nanogels are three-dimensional cross-linked

polymeric networks capable of encapsulating
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therapeutic agents within nano-sized structures.
They possess high water content, excellent
biocompatibility, and superior swelling capacity,
making them suitable for topical
applications. Nanogels maintain a moist wound

wound

environment, improve drug retention at the wound
site, and provide controlled
encapsulated phytochemicals. Their ability to
enhance skin penetration and prolong therapeutic
action makes them promising carriers for diabetic
wound management. 1%

release  of

6.3 Liposomes

Liposomes are spherical vesicular systems
composed of one or more phospholipid bilayers
enclosing an aqueous core. They can encapsulate
both  hydrophilic lipophilic
compounds, thereby improving drug stability and
bioavailability. Liposomal drug delivery enhances
penetration of herbal constituents into damaged
skin while minimizing systemic exposure. In

diabetic wound healing, liposomes facilitate

and bioactive

controlled drug release, reduce inflammation,
promote collagen synthesis, and accelerate tissue
repair, making them effective carriers for
phytopharmaceutical formulations. ')

6.4 Polymeric Nanoparticles

Polymeric  nanoparticles are biodegradable
colloidal carriers prepared using natural or
synthetic polymers. These nanoparticles protect
encapsulated herbal compounds from degradation
and provide sustained and targeted drug release.
Their nano-sized dimensions facilitate efficient
penetration into damaged tissues and improve
cellular uptake. Polymeric nanoparticles have
demonstrated considerable potential in enhancing
antioxidant activity, reducing inflammation,
promoting angiogenesis, and improving collagen
deposition during diabetic wound healing. !

6.5 Solid Lipid Nanoparticles
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Solid lipid nanoparticles (SLNs) are submicron-
sized lipid carriers composed of physiologically
compatible solid lipids stabilized by surfactants.
They offer high drug loading capacity, excellent
physical stability, controlled drug release, and
protection of encapsulated phytochemicals from
chemical degradation. SLNs also improve skin
hydration by forming an occlusive film on the
surface, thereby enhancing drug
penetration and accelerating tissue regeneration.
These properties make them attractive carriers for

wound

topical herbal drug delivery. 33!

6.6 Nanofibers

Nanofibers are ultrafine fibrous structures
generally produced by electrospinning techniques.
They possess a high surface area-to-volume ratio
and structural similarity to the extracellular matrix,
providing an ideal environment for cell attachment
and proliferation. ~Nanofiber-based wound

dressings promote oxygen exchange, absorb

wound exudates, maintain moisture, and support
sustained release of incorporated herbal bioactive
compounds. Their excellent mechanical strength
and biocompatibility contribute to improved
diabetic wound healing outcomes. [*¥

6.7 Hydrogels
Hydrogels
polymeric networks capable of absorbing large
amounts of water while maintaining structural

are three-dimensional hydrophilic

integrity. They provide a moist wound
that facilitates cell migration,
granulation tissue formation, and epithelialization.
Hydrogels can also serve as effective carriers for
herbal and nanoparticles, enabling

sustained drug release directly at the wound site.

environment

extracts

Their excellent biocompatibility, cooling effect,
and ability to reduce wound pain make hydrogels
one of the most widely used topical delivery
systems for chronic wound management. 3!

Table 6: Nanotechnology-Based Drug Delivery Systems

Drug Delivery System Key Advantage
Nanoparticles Improved drug stability
Nanoemulsion Enhanced skin penetration

Nanogel Sustained drug release
Liposomes Targeted drug delivery

Solid Lipid Nanoparticles (SLNs)

Controlled drug release

Nanostructured Lipid Carriers (NLCs)

High drug loading

Polymeric Nanoparticles

Enhanced bioavailability

Nano-Herbal Gel

Improved wound healing efficacy

7. Nano Herbal Gel

7.1 Definition

Nano-herbal gel is an advanced topical drug
delivery in which herbal bioactive
compounds are incorporated into nano-sized
carriers, such as nanoemulsions or nanoparticles,
and subsequently dispersed within a gel matrix.

system

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

This formulation combines the pharmacological
benefits of medicinal plants with the advantages of
nanotechnology to improve topical drug delivery.
The nano-sized particles enhance skin penetration,
increase bioavailability, and provide sustained
release of herbal constituents at the wound site,
thereby improving therapeutic efficacy in diabetic
wound healing. 56!
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Figure 7: Nanogel structure

7.2 Composition

A nano-herbal gel generally consists of herbal
extracts, oil phase, surfactants, co-surfactants,
gelling agents, preservatives, pH-adjusting agents,
and purified water. In the present context, Moringa
oleifera and Mimosa pudica extracts serve as the
active herbal ingredients, while Carbopol 940 acts
as the gelling agent. Tween 80 functions as the
surfactant, propylene glycol serves as a co-
surfactant and penetration enhancer,
triethanolamine adjusts the pH, and methyl
paraben is incorporated as a preservative. The
combination of these ingredients
formulation stability, uniformity, and effective

€ensures

topical delivery. 7!

7.3 Preparation Methods

Nano-herbal gels are generally prepared by first
developing a stable nanoemulsion containing the
herbal extracts through methods such as high-
speed homogenization, ultrasonication,
spontaneous emulsification, or high-pressure
homogenization. The optimized nanoemulsion is
then gradually incorporated into a hydrated gel
base under continuous stirring to obtain a
homogeneous nano-herbal gel. The pH of the
formulation is adjusted to match the physiological
skin pH, ensuring patient comfort and minimizing
irritation. %
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7.4 Mechanism of Action

Nano-herbal gels promote wound healing through
multiple complementary mechanisms. The nano-
sized  droplets enhance penetration of
phytoconstituents into deeper skin layers and
provide sustained drug release at the wound site.
Herbal bioactive compounds reduce oxidative
stress, suppress inflammatory cytokines, inhibit
growth, fibroblast
proliferation, promote collagen synthesis, enhance
angiogenesis, and accelerate epithelialization.
Together, these actions
regeneration and facilitate rapid wound closure in
diabetic patients. ]

microbial stimulate

improve  tissue

7.5 Advantages

Nano-herbal gels offer several advantages over
conventional topical formulations. They improve
drug solubility, enhance skin penetration, provide
sustained drug release, increase bioavailability,
and reduce dosing frequency. Their non-invasive
nature improves patient compliance, while the
incorporation of herbal extracts minimizes adverse
effects associated with  synthetic  drugs.
Furthermore, nano-herbal gels provide better
formulation stability and greater therapeutic
efficacy in the treatment of chronic diabetic
wounds. (¢!
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7.6 Limitations

Despite their numerous advantages, nano-herbal
gels also have certain limitations. Formulation
development requires specialized equipment and
technical expertise, increasing production costs.
The long-term physical stability of
nanoformulations may be affected by aggregation
or phase separation if not properly optimized.

Standardization of herbal extracts and regulatory
approval remain significant challenges due to
variability in  phytochemical composition.
Additionally, large-scale manufacturing and
clinical validation are necessary before
widespread commercialization of nano-herbal
wound healing formulations. ']

Table 8: Nano Herbal Gel

Parameter

Description

Dosage Form

Topical nano-sized gel

Particle Size

20-200 nm

Drug Carrier

Nanoemulsion/Nanoparticles

Drug Release Sustained and controlled
Skin Penetration Enhanced
Bioavailability Improved
Therapeutic Effect Accelerated wound healing
Advantages  ||Stable, biocompatible, and patient-friendly

8. Evaluation of Nano-Herbal Gel

8.1 Particle Size

Particle size is one of the most important
parameters influencing the therapeutic
performance of nano-herbal formulations. It
affects skin penetration, drug diffusion,
formulation stability, and bioavailability of herbal
phytoconstituents. Nano-sized droplets provide a
larger surface facilitating  enhanced
permeation through the skin and improved drug
retention at the wound site. Particle size is
commonly determined using Dynamic Light
Scattering (DLS), and formulations with particle

area,

sizes below 200 nm generally exhibit superior
topical performance. Smaller particle sizes also
reduce sedimentation and aggregation, thereby
improving the physical stability of the
formulation. [¢]

8.2 Polydispersity Index (PDI)

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

The Polydispersity Index (PDI) is used to evaluate
the uniformity of particle size distribution within
the nano-herbal gel. A lower PDI value indicates a
narrow and  homogeneous particle  size
distribution,  reflecting  better ~ formulation
consistency and stability. Generally, PDI values
below 0.30 indicate monodispersed systems with
excellent physical stability. Uniform particle
distribution minimizes particle aggregation and
contributes to reproducible drug release and
enhanced therapeutic efficacy. 6!

8.3 Zeta Potential

Zeta potential measures the electrical surface
charge of nano-sized particles and serves as an
important indicator of colloidal stability. Higher
positive or negative zeta potential values generate
stronger electrostatic repulsive forces between
particles, preventing aggregation during storage.
Nano-herbal formulations with zeta potential
values greater than +30 mV are generally
considered physically stable. Adequate zeta
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potential enhances formulation stability, prolongs
shelf life, and maintains the uniform dispersion of
herbal bioactive constituents. [

8.4 Entrapment Efficiency

Entrapment efficiency represents the percentage of
herbal compounds  successfully
encapsulated within the nano-carriers. High
entrapment efficiency ensures maximum drug
loading, minimizes drug loss during formulation,
and provides sustained release of
phytoconstituents at the wound site. Efficient
encapsulation also protects sensitive herbal
compounds from degradation and enhances their

bioactive

stability, resulting in improved
effectiveness during diabetic wound healing.

therapeutic
[66]

8.5 Drug Content
Drug content analysis is performed to determine
the uniform distribution of herbal extracts
throughout the nano-herbal gel formulation.
Uniform drug content ensures accurate dosing,
batch-to-batch consistency, and reproducible
therapeutic performance. The drug content is
generally estimated  using =~ UV-—Visible
spectrophotometry based on a previously
established calibration curve. Drug content values
within the acceptable pharmacopeial

indicate proper formulation homogeneity and
68]

limits
quality. [

8.6 pH

The pH of the nano-herbal gel is measured to
ensure compatibility with the physiological pH of
human skin. A formulation with an appropriate pH
minimizes skin irritation while maintaining the
stability of herbal bioactive constituents.
Generally, topical gels with pH values between 5.5
and 7.0 are considered suitable for dermal
application and provide better patient comfort. [¢°!

8.7 Viscosity

ey,
L
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Viscosity determines the flow behavior and
consistency of the nano-herbal gel. Appropriate
viscosity ensures easy application, prolonged
retention at the wound site, and controlled drug
release. Highly viscous formulations may be
difficult to spread, whereas very low viscosity may
reduce residence time on the skin. Therefore,
optimum viscosity is essential for effective topical
drug delivery. [%]

8.8 Spreadability

Spreadability indicates the ease with which the
nano-herbal gel can be uniformly applied over the
wound surface. Good spreadability improves
patient convenience, facilitates uniform drug
distribution, and enhances contact between the
formulation and damaged
contributes to better therapeutic efficacy by
ensuring complete coverage of the wound area. ["!)

tissue. It also

8.9 Extrudability

Extrudability is evaluated to determine the ease
with which the nano-herbal gel can be removed
from collapsible tubes or containers. Good
extrudability ensures convenient dispensing
without excessive force and allows accurate
application of the required quantity of gel. This
parameter directly influences patient acceptability
and formulation usability. [7?!

8.10 In Vitro Drug Release

In vitro drug release studies are conducted to
evaluate the release profile of herbal bioactive
constituents from the nano-herbal gel. The study is
generally performed using a Franz diffusion cell
with phosphate buffer as the dissolution medium.
Controlled and sustained drug release improves
drug availability at the wound site, enhances
therapeutic efficacy, and reduces the frequency of
application. [73]

8.11 Stability Studies
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Stability studies are performed to evaluate the
physical, chemical, and microbiological stability
of the nano-herbal gel during storage. Parameters
such as appearance, pH, viscosity, drug content,
particle size, and entrapment efficiency are

periodically monitored under specified storage
conditions according to ICH guidelines. Stable
formulations should show no significant changes
in  their  physicochemical  characteristics
throughout the study period. "4

Table 9: Evaluation of Nano-Herbal Gel

Evaluation Parameter

Purpose

Physical Appearance

Visual assessment

pH

Skin compatibility

Viscosity

Flow behavior

Spreadability

Ease of application

Extrudability

Ease of gel extrusion

Drug Content

Uniformity of drug distribution

In-vitro Drug Release

Drug release profile

Stability Study

Physical and chemical stability

9. Mechanism of Wound Healing by Herbal
Nanoformulations

9.1 Antioxidant Mechanism

Herbal nanoformulations contain phytochemicals
such as flavonoids and phenolic compounds that
effectively scavenge reactive oxygen species
generated in diabetic wounds. Reduction of
oxidative stress protects cells from damage,
promotes fibroblast survival, and accelerates tissue
regeneration. The nano-sized delivery system
further enhances the availability of these
antioxidants at the wound site.

9.2 Anti-inflammatory Mechanism

Nano-herbal formulations suppress excessive
inflammatory responses by reducing the
production of pro-inflammatory cytokines,

including TNF-a, IL-1B, and IL-6. Controlled
inflammation facilitates the transition from the
inflammatory phase to the proliferative phase of
wound healing, thereby promoting faster tissue
repair and reducing chronic wound formation.

9.3 Antimicrobial Activity

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

Many herbal phytoconstituents exhibit broad-
spectrum antimicrobial activity against wound
pathogens. Nano-based delivery improves the
penetration of these bioactive compounds into
tissues, inhibits growth,
prevents biofilm formation, and reduces the risk of
wound infection, thereby creating a favorable
environment for healing.

infected microbial

9.4 Angiogenesis

Herbal nanoformulations stimulate angiogenesis
by enhancing the
endothelial growth factor (VEGF) and promoting

expression of vascular

endothelial cell proliferation. Increased formation
of new blood vessels improves oxygen and
nutrient supply to damaged tissues, thereby
accelerating granulation tissue formation and
wound closure.

9.5 Fibroblast Proliferation

Fibroblasts play a central role in extracellular
matrix production and tissue regeneration. Herbal
bioactive = compounds  stimulate  fibroblast
migration and proliferation, leading to increased
synthesis of collagen and other structural proteins.
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Nano-sized carriers improve cellular uptake of
these compounds and enhance their biological
activity.

9.6 Collagen Synthesis

Collagen provides structural support to newly
formed tissue and is essential for wound strength.
Herbal collagen
deposition while regulating collagen maturation
and extracellular matrix remodeling. Increased
collagen synthesis contributes to faster wound
contraction and improved tensile strength of
healed tissue.

nanoformulations stimulate

9.7 Re-epithelialization

Re-epithelialization is the final stage of wound
closure, during which keratinocytes migrate and
proliferate to restore the epidermal barrier. Nano-
herbal formulations enhance keratinocyte activity,
maintain a moist wound environment, and provide
sustained release of phytoconstituents, thereby
accelerating epithelial regeneration and complete
wound healing.

10. Recent Advances (2020-2025)

In recent years, significant advances in
nanotechnology have transformed the field of
diabetic wound management. Smart nanogels and
stimuli-responsive drug delivery systems have
been developed to provide controlled and targeted
release of therapeutic agents in response to
changes in the wound environment, such as pH or
glucose levels. Growth factor-loaded nanocarriers
have shown the ability to enhance angiogenesis,
collagen synthesis, and tissue regeneration. Green
nanotechnology has also gained considerable
attention by utilizing plant extracts for eco-
friendly nanoparticle synthesis with improved
biocompatibility. Moreover, the integration of
artificial intelligence and machine learning has
simplified formulation optimization, stability
prediction, and quality assessment, while
emerging technologies such as stem cell therapy
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and three-dimensional (3D) bioprinting offer
promising opportunities for future wound care
applications.

11. Clinical Studies

Clinical investigations have demonstrated that
herbal nanoformulations possess considerable
potential for the treatment of diabetic wounds.
Several studies have reported improved wound
contraction, collagen  deposition,
accelerated epithelialization, reduced
inflammation, and faster healing compared with
conventional topical therapies. Nano-based
formulations also provide better skin penetration,

enhanced

sustained drug release, and improved
bioavailability of herbal phytoconstituents.
Although a number of nanotechnology-based
wound dressings are commercially available,
herbal nanoformulations are still undergoing
clinical evaluation. Therefore, larger multicenter
clinical trials are required to establish their long-

term safety, efficacy, and therapeutic benefits.

12. Challenges and Limitations

Despite encouraging research outcomes, several
challenges restrict the clinical translation of nano-
herbal formulations. Maintaining long-term
physical and chemical stability, ensuring batch-to-
batch consistency, and achieving large-scale

manufacturing  remain  major  concerns.
Standardization of herbal extracts is also difficult
because phytochemical composition varies

according to geographical location, harvesting
season, and extraction methods. Furthermore,
comprehensive toxicity evaluation, regulatory
approval, and cost-effective production are
essential before these formulations can be widely
adopted in clinical practice.

13. Future Perspectives

Future research should focus on developing
personalized wound care strategies based on
patient-specific clinical conditions. Artificial
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intelligence-assisted formulation design,
polyherbal nanoformulations, and advanced tissue
engineering approaches such as 3D bioprinting are
expected to therapeutic outcomes.

Greater emphasis should also be placed on

improve

standardized manufacturing processes, extensive
preclinical and clinical studies, and collaborations
between researchers, clinicians,
pharmaceutical industries to facilitate successful
commercialization of nano-herbal wound healing
products.

and

CONCLUSION

Diabetic wound healing remains a significant
healthcare challenge because of persistent
inflammation,  oxidative  stress, impaired

angiogenesis, and delayed tissue regeneration.
Herbal medicines such as Moringa oleifera and
Mimosa pudica possess diverse phytoconstituents
that exhibit antioxidant, anti-inflammatory,
antimicrobial, and wound healing properties.
Incorporation of these bioactive compounds into
nanotechnology-based drug delivery systems
significantly their stability, skin
penetration, bioavailability, and sustained release.

improves

Consequently, nano-herbal gels have emerged as
promising topical formulations for the effective
management of diabetic wounds. Although
challenges related to standardization, regulatory
approval, and large-scale production still exist,
continued advances in nanotechnology and
pharmaceutical research are expected to support
the future development of safe, effective, and
commercially viable nano-herbal therapies.

REFERENCES

1. Armstrong DG, Boulton AJM, Bus SA.
Diabetic foot ulcers and their recurrence. N
Engl J Med. 2017;376(24):2367-75.

ey,
L

(Y95 INTERNATIONAL JOURNAL OF PHARMACELITICAL SCIENCES

2.

10.

12.

Everett E, Mathioudakis N. Update on
management of diabetic foot ulcers. Ann N'Y
Acad Sci. 2018;1411(1):153-65.

Sen CK. Human wounds and its burden: an
updated compendium of estimates. Adv
Wound Care (New Rochelle). 2019;8(2):39—
48.

Frykberg RG, Banks J. Challenges in the
treatment of chronic wounds. Adv Wound
Care (New Rochelle). 2015;4(9):560-82.
Zhang P, Lu J, Jing Y, Tang S, Zhu D, Bi Y.
Global epidemiology of diabetic foot
ulceration: a systematic review and meta-
analysis. Ann Med. 2017;49(2):106-16.
Nussbaum SR, Carter MJ, Fife CE, DaVanzo
J, Haught R, Nusgart M, et al. An economic
evaluation of the impact, cost, and Medicare
policy implications of chronic nonhealing
wounds. Value Health. 2018;21(1):27-32.
Sen CK. Human wound and its burden:
updated 2020 compendium of estimates. Adv
Wound Care (New Rochelle).
2021;10(5):281-92.

Olsson M, Jarbrink K, Divakar U, Bajpai R,
Upton Z, Schmidtchen A, et al. The
humanistic and economic burden of chronic
wounds: a systematic review. Wound Repair
Regen. 2019;27(1):114-25.

Jarbrink K, Ni G, Sonnergren H, Schmidtchen
A, Pang C, Bajpai R, et al. Prevalence and
incidence of chronic wounds and related
complications: a protocol for a systematic
review. Syst Rev. 2016;5:152.

Rodrigues M, Kosaric N, Bonham CA,
Gurtner GC. Wound healing: a cellular
perspective. Physiol Rev. 2019;99(1):665—
706.

. Guo S, DiPietro LA. Factors affecting wound

healing. J Dent Res. 2010;89(3):219-29.
Thakur R, Jain N, Pathak R, Sandhu SS.
Practices in wound healing studies of plants.

5573 |Page



13.

14.

15.
16.

17.
18.
19.
20.
21.
22.

23.

A q;‘"
\1’/,“ 5 'R
L

Manaswee Nandagawli, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 7, 5557-5577 | Review

Evid Based Complement Alternat Med.
2011;2011:438056.

Ahmed TA, Aljacid BM. Preparation,
characterization, and potential application of
nanocarriers for wound healing. Drug Des
Devel Ther. 2016;10:3157-70.

Ganesan P, Narayanasamy D. Lipid
nanoparticles: different preparation
techniques, characterization, hurdles, and

strategies for the production of solid lipid
nanoparticles and nanostructured lipid carriers
for oral drug delivery. Sustain Chem Pharm.
2017;6:37-56.

Patrulea V, Ostafe V, Borchard G, Jordan O.
Chitosan as a starting material for wound
healing applications. Eur J Pharm Biopharm.
2015;97(Pt B):417-26.

Rodrigues M, Kosaric N, Bonham CA,
Gurtner GC. Wound healing: a cellular
perspective. Physiol Rev. 2019;99(1):665—
706.

Guo S, DiPietro LA. Factors affecting wound
healing. J Dent Res. 2010;89(3):219-29.
Eming SA, Martin P, Tomic-Canic M. Wound
repair regeneration:  mechanisms,
signaling, and translation. Sci Transl Med.
2014;6(265):265sr6.

Wilkinson HN, Hardman MJ. Wound healing:
cellular mechanisms and pathological
outcomes. Open Biol. 2020;10(9):200223.
Frykberg RG, Banks J. Challenges in the
treatment of chronic wounds. Adv Wound
Care (New Rochelle). 2015;4(9):560-82.
Falanga V. Wound healing and its impairment
in the diabetic foot. Lancet.
2005;366(9498):1736-43.

Martin P. Wound healing—aiming for perfect
skin regeneration. Science.
1997;276(5309):75-81.

Broughton G II, Janis JE, Attinger CE. The
basic science of wound healing. Plast
Reconstr Surg. 2006;117(7 Suppl):12S-348S.

and

=N

1) INTERNATIONAL JOURNAL OF PHARMACELTICAL SCIENCES

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Brem H, Tomic-Canic M. Cellular and
molecular basis of wound healing in diabetes.
J Clin Invest. 2007;117(5):1219-22.
Armstrong DG, Boulton AJM, Bus SA.
Diabetic foot ulcers and their recurrence. N
Engl J Med. 2017;376(24):2367-75.

Thakur R, Jain N, Pathak R, Sandhu SS.
Practices in wound healing studies of plants.
Evid Based Complement Alternat Med.
2011;2011:438056.

Lordani TVA, de Lara CE, Ferreira FBP, et al.
Therapeutic effects of medicinal plants on
cutaneous wound healing in humans: a
systematic review. Mediators Inflamm.
2018;2018:7354250.

Shedoeva A, Leavesley D, Upton Z, Fan C.
Wound healing and the use of medicinal
plants. Evid Based Complement Alternat
Med. 2019;2019:2684108.

Bahramsoltani R, Farzaei MH, Rahimi R.
Medicinal plants and their natural components
as future drugs for the treatment of burn
wounds: an integrative review. Arch Dermatol
Res. 2014;306(7):601-17.

Gushiken LFS, Beserra FP, Bastos JK,
Jackson CJ, Pellizzon CH. Cutaneous wound
healing: an update from physiopathology to

current therapies. Life (Basel).
2021;11(7):665.
Vergara-Jimenez M, Almatrati MM,

Fernandez ML. Bioactive components in
Moringa oleifera leaves protect against
chronic disease. Antioxidants (Basel).
2017;6(4):91.

Abd Rani NZ, Husain K, Kumolosasi E.
Moringa oleifera leaf extract: a review on its
phytochemical constituents and
pharmacological activities. Sains Malays.
2018;47(9):2021-34.

Falowo AB, Mukumbo FE, Idamokoro EM, et
al. Multi-functional application of Moringa

5574 |Page



34.
35.
36.

37.

38.
39.
40.
41.

42.

43.

A q;‘"
\1’/,“ 5 'R
L

Manaswee Nandagawli, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 7, 5557-5577 | Review

oleifera: A review. Food Res Int.
2018;106:317-34.

Lin M, Zhang J, Chen X. Bioactive flavonoids
in Moringa oleifera and their health-
promoting properties. J Funct Foods.
2018;47:469-79.

Chow SM, Chin KY. Pharmaceutical
application of Moringa oleifera on wound
healing: A scoping review. J Pharm Bioallied
Sci. 2026;16(6):45-66.

Gandhiraja N, Sriram S, Meenaa V, et al.
Phytochemical screening and antimicrobial
activity of Mimosa pudica L. Ethnobot
Leaflets. 2009;13:618-24.

Amalraj A, Gopi S. Medicinal properties of
Mimosa pudica: A review. J Tradit
Complement Med. 2017;7(4):347-54.

Joseph B, George J, Mohan .
Pharmacological and phytochemical
properties of Mimosa pudica: A review. Int J
Pharm Sci Rev Res. 2013;21(1):279-83.
Kokane DD, More RY, Kale MB, et al.
Evaluation of wound healing activity of
Mimosa pudica root. J Ethnopharmacol.
2009;124(2):311-15.

Patil UH, Gaikwad DK. Pharmacological
profile of Mimosa pudica: A comprehensive
review. Int J Pharm Sci Rev Res.
2011;8(2):116-24.

Ganesan K, Xu B. A critical review on
phytochemical profile and health-promoting
effects of medicinal plants. Food Chem.
2017;221:1381-95.

Tungmunnithum D, Thongboonyou A,
Pholboon A, Yangsabai A. Flavonoids and
other phenolic compounds from medicinal
plants for pharmaceutical and medical
aspects: An overview. Medicines (Basel).
2018;5(3):93.

Kumar S, Pandey AK. Chemistry and
biological activities of flavonoids: An
overview. Sci World J. 2013;2013:162750.

=N

1) INTERNATIONAL JOURNAL OF PHARMACELTICAL SCIENCES

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Fraga CG, Croft KD, Kennedy DO, Tomas-
Barberan FA. The effects of polyphenols and
other bioactive compounds on human health.
Mol Aspects Med. 2019;61:1-2.

Borges A, Abreu AC, Dias C, Saavedra MJ,
Borges F, Simdes M. New perspectives on the
use of phytochemicals as an emergent strategy
to control bacterial infections including
biofilms. Molecules. 2016;21(7):877.
Cushnie TPT, Cushnie B, Lamb AlJ.
Alkaloids: An overview of their antibacterial,
antibiotic-enhancing ~ and  antivirulence

activities. Int J Antimicrob Agents.
2014;44(5):377-86.
Podolak 1, Galanty A, Sobolewska D.

Saponins as cytotoxic agents: A review.
Phytochem Rev. 2010;9(3):425-74.
Ghasemzadeh A, Jaafar HZE, Rahmat A.
Phytochemical constituents and biological
activities of different extracts of medicinal
plants: A review. Molecules.
2015;20(7):12508—40.

Sharifi-Rad J, Quispe C, Patra JK, et al.
Paclitaxel: Application in modern medicine
and delivery systems. Oxid Med Cell Longev.
2021;2021:3687700. (Discusses terpenoids
and phytochemicals in tissue repair.)

Salehi B, Venditti A, Sharifi-Rad M, et al. The
therapeutic potential of plant secondary
metabolites in wound healing: A review.
Biomolecules. 2019;9(12):824.

Patravale VB, Date AA, Kulkarni RM.
Nanosuspensions: a promising drug delivery
strategy. J Pharmacol.
2004;56(7):827-40.

Souto EB, Silva GF, Dias-Ferreira J, Zielinska
A, Ventura F, A, et al
Nanopharmaceutical approaches for enhanced
topical drug delivery.
2022;14(2):302.

Tapeinos C, Pandit A. Physical, chemical and
biological structures based on nanomaterials

Pharm

Durazzo

Pharmaceutics.

5575 | Page



54.

55.

56.

57.
58.
59.
60.
61.

62.

A q;‘"
\1’/,“ 5 'R
L

Manaswee Nandagawli, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 7, 5557-5577 | Review

for  wound  healing. Adv  Mater.
2019;31(23):e1807333.

Augustine R, Hasan A, Patan NK, Dalvi YB,
Varghese R, Unni RN, et al. Nano-based drug
delivery for wound healing
applications. J Drug Deliv Sci Technol.
2021;63:102549.

Ahmed TA, Aljaeid BM. Preparation,

characterization, and potential application of

systems

nanocarriers for wound healing. Drug Des
Devel Ther. 2016;10:3157-70.

Ganesan P, Narayanasamy D. Lipid
nanoparticles: different preparation
techniques, characterization, hurdles, and

strategies for the production of solid lipid
nanoparticles and nanostructured lipid
carriers. Sustain Chem Pharm. 2017;6:37-56.
Souto EB, Doktorovova S. Solid lipid
nanoparticles and nanostructured lipid carriers
for topical drug delivery. Expert Opin Drug
Deliv. 2009;6(3):273-86.
Fathi M, Barar J, Aghanejad A, Omidi Y.
drug delivery
Deliv  Rev.

Hydrogels for topical
applications. Adv  Drug
2018;127:138-66.

Mi FL, Sung HW, Shyu SS. Drug release from
chitosan-alginate complex beads reinforced
by a naturally occurring cross-linking agent.
Carbohydr Polym. 2002;48(1):61-72.
Boateng JS, Matthews KH, Stevens HNE,
Eccleston GM. Wound healing dressings and
drug delivery systems: a review. J Pharm Sci.
2008;97(8):2892-923.

Ahmed TA, Aljaeid BM. Preparation,
characterization, and potential application of
nanocarriers for wound healing. Drug Des
Devel Ther. 2016;10:3157-70.

Souto EB, Silva GF, Dias-Ferreira J, Zielinska
A, Ventura F, Durazzo A, et al
Nanopharmaceutical approaches for enhanced
topical drug delivery. Pharmaceutics.
2022;14(2):302.

=N

1) INTERNATIONAL JOURNAL OF PHARMACELTICAL SCIENCES

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Patrulea V, Ostafe V, Borchard G, Jordan O.
Chitosan as a starting material for wound
healing applications. Eur J Pharm Biopharm.
2015;97(Pt B):417-26.

Boateng JS, Matthews KH, Stevens HNE,
Eccleston GM. Wound healing dressings and
drug delivery systems: a review. J Pharm Sci.
2008;97(8):2892-923.

Tapeinos C, Pandit A. Physical, chemical and
biological structures based on nanomaterials
for wound  healing. Adv  Mater.
2019;31(23):e1807333.

Augustine R, Hasan A, Patan NK, Dalvi YB,
Varghese R, Unni RN, et al. Nano-based drug
delivery systems wound  healing
applications. J Drug Deliv Sci Technol.
2021;63:102549.

Rowe RC, Sheskey PJ, Quinn ME, editors.
Handbook of Pharmaceutical Excipients. 8th
ed. London: Pharmaceutical Press; 2017.
Tadros T. Emulsion Formation and Stability.
Weinheim: Wiley-VCH; 2013.

Danaei M, Dehghankhold M, Ataei S, et al.
Impact of particle size and polydispersity
index on the clinical applications of lipidic
nanocarrier systems. Pharmaceutics.
2018;10(2):57.

Danaei M, Dehghankhold M, Ataei S, et al.
Impact of particle size and polydispersity
index on the clinical applications of lipidic

for

nanocarrier Pharmaceutics.
2018;10(2):57.

Honary S, Zahir F. Effect of zeta potential on
the properties of nano-drug delivery systems
— A review. Trop J Pharm Res.
2013;12(2):255-64.

Ahmed TA, Aljaeid BM. Preparation,
characterization, and potential application of

systems.

nanocarriers for wound healing. Drug Des
Devel Ther. 2016;10:3157-70.

ICH Harmonised Guideline. QI1A(R2):
Stability Testing of New Drug Substances and

5576 |Page



Manaswee Nandagawli, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 7, 5557-5577 | Review

Products.  International = Council  for
Harmonisation; 2003.

74. Sinko PJ. Martin's Physical Pharmacy and
Pharmaceutical Sciences. 7th ed.
Philadelphia: Wolters Kluwer; 2017.

75. Aulton ME, Taylor KMG. Aulton's
Pharmaceutics: The Design and Manufacture
of Medicines. 6th ed. London: Elsevier; 2022.

76. Rowe RC, Sheskey PJ, Quinn ME, editors.
Handbook of Pharmaceutical Excipients. 8th
ed. London: Pharmaceutical Press; 2017.

77. United States Pharmacopeia (USP 43—NF 38).
Rockville (MD): United States Pharmacopeial
Convention; 2020.

78. Indian Pharmacopoeia Commission. Indian
Pharmacopoeia. 9th ed. Ghaziabad: IPC;
2022.

HOW TO CITE: Manaswee Nandagawli, Dr. Suhas
Sakarkar, Savita Shende, Dr. Sachin Dudhe,
Phytopharmaceutical Development and Evaluation of Nano
Herbal Gel Containing Moringa oleifera and Mimosa
pudica for Diabetic Patients, Int. J. of Pharm. Sci., 2026,
Vol 4, Issue 7, 5557-5577,
https://doi.org/10.5281/zenodo.21672117

\"7;?‘} INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

S
=

5577 |Page



