| N

UPRA Journal

International Journal of Pharmaceutical Research and Applications
) Volume 9, Issue 2 Mar-Apr 2024, pp: 862-867 www.ijprajournal.com

Advanced Drug Delivery Systems for Enhanced Wound Healing:
Current Trends and Future Perspectives

Ahtesham Ahmad

Submitted: 25-03-2024

Accepted: 05-04-2024

ABSTRACT- Wound healing is a complex
physiological process involving multiple cellular
and molecular events. Despite advancements in
wound care, challenges such as delayed healing,
infection, and scar formation persist, necessitating
the development of innovative therapeutic
strategies. Advanced drug delivery systems (DDS)
have emerged as promising approaches to address
these challenges by enhancing the delivery of
therapeutic agents to the wound site, improving
their  bioavailability, and promoting tissue
regeneration. This review highlights recent
advances in DDS for wound healing applications,
including hydrogels, nanoparticles, microneedle
patches, electro spun nanofibers, and 3D printed
scaffolds. These DDS offer unique advantages such
as sustained release kinetics, targeted delivery, and
improved biocompatibility, enabling the controlled
delivery of growth factors, antimicrobial agents,
and anti-inflammatory drugs to facilitate wound
closure and tissue regeneration. Moreover, the
integration of smart materials and bioactive cues
into DDS holds great potential for personalized and
tailored wound care solutions. Future research
directions, including the incorporation of stem
cells, gene therapy, and immunomodulatory agents
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into DDS, are also discussed to further enhance
their therapeutic efficacy and clinical translation.
Overall, advanced DDS represent a promising
paradigm shift in wound healing therapeutics,
offering novel strategies to overcome existing
limitations and improve patient outcomes.
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l. INTRODUCTION

A wound refers to a physical injury to the
body's skin or underlying tissues, often resulting
from trauma, surgery, or underlying medical
conditions. Wounds can vary in severity, ranging
from minor cuts and abrasions to deep lacerations,
puncture wounds, or surgical incisions. Proper
wound care is essential to promote healing, prevent
infection, and minimize scarring(1).
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Figure 1: Different types of wounds
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TYPES OF WOUNDS

Wounds can be categorized into various
types based on their cause, depth, and
characteristics. Wounds can be categorized in
following types:

1. Incisional Wounds: These wounds are caused
by a sharp object, such as a knife or scalpel,
resulting in a clean, straight cut through the
skin and underlying tissues.

2. Lacerations: Lacerations are irregular, jagged
wounds caused by blunt trauma or a tearing
force, resulting in tissue damage with rough,
uneven edges.

3. Abrasion: Abrasions, also known as scrapes,
occur when the skin rubs against a rough
surface, causing the superficial layers of the
skin to be scraped away.

4. Puncture Wounds: Puncture wounds are
caused by a sharp, pointed object piercing the
skin, creating a small hole or puncture. These
wounds are prone to infection due to their
depth and narrow opening.

5. Awulsion: Avulsion wounds occur when a
portion of the skin and underlying tissues is
torn away from the body, often as a result of a
traumatic injury or accident.

6. Penetrating Wounds: Penetrating wounds
involve the penetration of foreign objects into
the body, such as bullets, knives, or glass
shards, causing damage to internal tissues and
organs.

7. Burns: Burns are injuries to the skin and
underlying tissues caused by exposure to heat,
chemicals, electricity, or radiation. They can
range from mild superficial burns to severe
deep tissue damage.

8. Ulcers: Ulcers are open sores or lesions that
develop on the skin or mucous membranes,
often as a result of poor circulation, pressure,
or underlying medical conditions such as
diabetes or venous insufficiency.

9. Pressure Injuries: Pressure injuries, also
known as pressure ulcers or bedsores, develop

when prolonged pressure or friction on the skin
leads to tissue damage, particularly over bony
prominences(2).

WOUND HEALING PROCESS

Wound healing is a complex biological
process that involves several distinct but
overlapping  stages. These stages include
hemostasis, inflammation, proliferation, and
remodeling. There are the steps of wound healing:

A. Hemostasis: Hemostasis is the initial response
to injury aimed at stopping bleeding. Blood
vessels constrict to reduce blood flow, and
platelets aggregate at the site to form a
temporary clot. This process is crucial for
preventing excessive blood loss and initiating
the wound healing cascade.

B. Inflammation: Inflammation is the body's
natural response to injury or infection. In this
stage, immune cells such as neutrophils and
macrophages migrate to the wound site to
remove debris, pathogens, and damaged tissue.
Inflammatory cytokines and growth factors are
released to orchestrate the healing process and
promote tissue repair.

C. Proliferation: During the proliferation phase,
new tissue is generated to fill the wound gap.
Fibroblasts produce collagen, a key structural
protein that provides strength to the healing
tissue. Endothelial cells form new blood
vessels (angiogenesis) to restore blood supply
to the injured area. Epithelial cells at the
wound edges migrate and proliferate to cover
the wound surface (re-epithelialization).

D. Remodeling: The remodeling phase involves
the maturation and remodeling of the newly
formed tissue. Collagen fibers are rearranged
and cross-linked to increase tensile strength,
and excess scar tissue is gradually remodeled
and refined. This phase can last for months to
years and results in the restoration of tissue
strength and function(3).
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Figure 1: Different stages of wound healing
ADVANCE MEDICATION THERAPY promise for enhancing wound healing by

INVOLVED IN WOUND HEALING

Growth Factors: Platelet-derived growth factor
(PDGF), transforming growth factor-beta (TGF-p),
and epidermal growth factor (EGF) are commonly
used growth factors in wound healing(4).
Antimicrobial Agents: Silver-based dressings,
antimicrobial peptides, and nanoparticles are
among the advanced antimicrobial agents used in
wound care(5).

Anti-inflammatory Drugs:Corticosteroids,
nonsteroidal anti-inflammatory drugs (NSAIDSs),
and cytokine inhibitors are advanced anti-
inflammatory drugs wused to modulate the
inflammatory response in wound healing(6).
Extracellular Matrix (ECM) Modulators:
Collagen-based  dressings,  hyaluronic  acid
derivatives, and extracellular matrix scaffolds are
advanced ECM modulators used to facilitate tissue
remodeling and regeneration(7).

Stem Cell Therapies: Mesenchymal stem cells
(MSCs), adipose-derived stem cells (ASCs), and
induced pluripotent stem cells (iPSCs) are being
investigated for their potential to promote tissue
regeneration in wound healing(8).

Gene Therapy: Gene-based approaches, such as
the delivery of growth factors and cytokines, hold

promoting angiogenesis and tissue regeneration(9).
Bioactive  Dressings:  Bioactive  dressings
containing growth factors, antimicrobial agents,
and extracellular matrix components provide
sustained release and localized delivery of
therapeutic molecules to the wound site(10).

ADVANCE DRUG DELIVERY SYSTEM
Advanced drug delivery systems for
wound healing have emerged as a promising
approach to improve the efficacy of wound care
treatments. These systems aim to optimize the
delivery of therapeutic agents to the wound site,
enhancing their bioavailability, and promoting
faster and more efficient healing. There are some
notable advanced drug delivery systems for wound
healing:
Hydrogels: Hydrogels are highly hydrated
polymeric networks that can retain large amounts
of water. They are attractive for wound healing
applications due to their ability to provide a moist
environment conducive to wound healing.
Hydrogels can be loaded with therapeutic agents
such as growth factors, antimicrobial agents, and
anti-inflammatory drugs, which are released slowly
over time to the wound site(11).
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Nanoparticles:  Nanoparticles offer  unique
advantages for drug delivery, including high drug
loading capacity, sustained release profiles, and the
ability to target specific cells or tissues. Various
types of nanoparticles, such as liposomes,
polymeric nanoparticles, and dendrimers, have
been investigated for wound healing applications.
These nanoparticles can encapsulate therapeutic
agents and protect them from degradation, enabling
controlled release at the wound site(12).
Microneedle patches:Microneedle patches consist
of arrays of micron-scale needles that penetrate the
skin's outer layer, facilitating the delivery of drugs
into the underlying tissue. These patches can be
loaded with various therapeutic agents, including
growth factors, antibiotics, and anti-inflammatory
drugs, and applied directly to the wound site for
targeted delivery and enhanced efficacy(13).
Electrospun nanofibers: Electrospun nanofibers
are produced by electrospinning polymer solutions
into nanoscale fibers, which can mimic the
extracellular matrix structure of natural tissues.
These nanofibers can be loaded with therapeutic
agents and fabricated into wound dressings,
providing sustained release of drugs and promoting
cell proliferation and tissue regeneration(14).

3D printed scaffolds: 3D printing technology
enables the fabrication of customized scaffolds
with precise control over their architecture and
porosity. These scaffolds can be loaded with
therapeutic agents and implanted at the wound site
to provide structural support, promote cell
attachment and proliferation, and facilitate
controlled drug release for enhanced wound
healing(15).

MARKETED FORMULATION USED AS
ADVANCED DRUG DELIVERY SYSTEM
FOR THE TREATMENT OF WOUND
HEALING

Advanced drug delivery systems hold
great promise for improving the treatment
outcomes of various types of wounds, including
acute and chronic wounds, burns, and ulcers, by
enhancing the delivery and efficacy of therapeutic
agents at the wound site.
Several advanced drug delivery systems and
marketed products are utilized in the treatment of
wound healing:
Ag Hydro fiberDressing: Ag is a sterile, non-
woven  dressing  composed  of  sodium
carboxymethylcellulose and ionic silver. It forms a
soft gel when in contact with wound exudate,
providing a moist wound healing environment

while delivering antimicrobial benefits due to the
presence of silver ions. This dressing is effective
for managing wounds with high levels of exudate
and controlling infection(16).

Hydro-Alginate Antimicrobial Dressing:Ag is a
sterile, non-woven dressing composed of alginate
fibers and silver ions. It absorbs exudate from the
wound while providing sustained antimicrobial
activity against a broad spectrum of pathogens. The
combination of alginate and silver facilitates
autolytic debridement and promotes granulation
tissue formation(17).

Antimicrobial Activated Charcoal Dressing:
Silver 220 is an activated charcoal dressing
containing silver ions. It absorbs odor and exudate
from the wound while providing broad-spectrum
antimicrobial activity. The activated charcoal
component helps manage malodor associated with
infected wounds(18).

Dermal Regeneration Template:It is a bilayer
membrane system consisting of a porous matrix of
bovine collagen and glycosaminoglycan (GAG)
and a semipermeable silicone outer layer. It serves
as a dermal substitute for full-thickness wounds,
promoting vascularization and cellular infiltration.
It is commonly used in the treatment of burn
injuries and complex wounds requiring soft tissue
reconstruction(19).

SOME HERBAL APPROACHESUSED AS
ADVANCED DRUG DELIVERY SYSTEM
FOR THE TREATMENT OF WOUND
HEALING

Turmeric (Curcuma longa) Loaded
Nanoparticles: Turmeric, containing curcumin as
its active ingredient, has been traditionally used for
wound healing due to its anti-inflammatory and
antioxidant properties. Incorporating curcumin into
nanoparticles  enhances its  stability and
bioavailability, enabling controlled release at the
wound site(19).

Aloe vera Loaded Hydrogels:Aloe vera is known
for its wound healing properties attributed to its
anti-inflammatory and  antimicrobial  effects.
Incorporating Aloe vera extract into hydrogel
formulations provides a moist wound environment
and sustained release of bioactive compounds,
promoting tissue regeneration(20).

Honey-based Nanofiber Scaffolds: Honey has
been used for wound healing for centuries due to its
antimicrobial and anti-inflammatory properties.
Fabricating honey into nanofiber scaffolds
enhances its application to wounds, providing
sustained release and improved efficacy(21).
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