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Abstract

Wound healing is a multifaceted process that involves a series of complex biological events
aimed at restoring tissue integrity after injury. Inflammation, an essential phase of healing,
plays a crucial role but, when prolonged or dysregulated, can impair wound closure and
promote chronic conditions. Herbal formulations have gained prominence as effective topical
treatments due to their bioactive compounds that exhibit anti-inflammatory, antimicrobial,
antioxidant, and wound healing properties. This review explores the advantages of using
herbal agents like Aloe vera, Curcuma longa, Centella asiatica, and Azadirachta indica in
wound care, highlighting their mechanisms of action, which include antioxidant,
antimicrobial, collagen-promoting, and anti-inflammatory effects. These medicinal plants
also play a significant role in modulating key cytokines, growth factors, and enzymes that
influence tissue repair and inflammation. The review underscores the potential of herbal
formulations as natural, safe, and effective alternatives to conventional therapies in managing
wounds and inflammation, with evidence from both traditional use and modern scientific
studies. It concludes with the need for further research to validate these treatments and
integrate them into contemporary clinical practices.

Keywords: Wound healing, herbal formulations, inflammation, antimicrobial, collagen-
promoting.

1. Introduction

Wound healing is a dynamic and complex biological process involving the coordinated
interaction of various cellular and molecular events to restore the integrity of damaged tissue.
It progresses through four overlapping phases—hemostasis, inflammation, proliferation, and
remodeling. Among these, inflammation plays a dual role: it is essential for the removal of

pathogens and cellular debris but, if prolonged or dysregulated, can delay healing and
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contribute to chronic wounds. Therefore, effective wound management necessitates
controlling inflammation while promoting tissue regeneration .

Topical therapy is often the preferred route for wound care, as it allows direct delivery of
therapeutic agents to the site of injury with minimal systemic side effects. Herbal
formulations have gained significant attention in this regard due to their broad spectrum of
bioactive compounds that exhibit anti-inflammatory, antimicrobial, antioxidant, and wound
healing properties [**!. Medicinal plants like Aloe vera, Curcuma longa, and Centella asiatica
have been traditionally used for treating wounds and have shown promising results in modern
pharmacological studies. These plant-based agents not only reduce inflammation but also

341 Hence, integrating herbal

enhance collagen synthesis, epithelialization, and angiogenesis
remedies into topical formulations offers a holistic and safe approach to manage wounds and
inflammation simultaneously, aligning with both traditional practices and contemporary
scientific research.

2. Objectives

» To understand the link between inflammation and wound healing.

» To assess herbal agents in topical wound therapies.

» To highlight advances and challenges in herbal formulations.

3. Phases of Wound Healing and Mechanism of Inflammation

Wound healing is a dynamic, multi-phase process that ensures the restoration of skin integrity
following injury. It can be broken down into four key phases: hemostasis, inflammation,
proliferation, and remodeling.

» Hemostasis: This is the first phase and occurs immediately after injury. The primary
goal of this phase is to stop bleeding. Blood vessels constrict to minimize blood loss,
and platelets aggregate to form a clot at the wound site. The clot provides a temporary
barrier and releases pro-inflammatory mediators like thrombin that initiate the next
phase of healing.

» Inflammation: This phase starts shortly after hemostasis and usually lasts for a few
days. It is characterized by vasodilation, increased vascular permeability, and the
migration of immune cells, including neutrophils and macrophages, to the wound site.
These cells clean the wound by removing debris and pathogens. Importantly,
macrophages also secrete growth factors and cytokines that stimulate tissue repair and

the proliferation of cells in the next phase 1),
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Proliferation: In this phase, new tissue is formed. The wound begins to fill with
granulation tissue composed of collagen, extracellular matrix, and newly formed
blood vessels (angiogenesis). Epithelial cells migrate across the wound bed to close
the defect, and fibroblasts produce collagen to strengthen the tissue.

Remodeling: The final phase involves the maturation and reorganization of collagen
fibers, which increases the tensile strength of the wound. The wound gradually
becomes more like the surrounding skin, but it may never regain its full original

strength 1°!,

Molecular mediators such as growth factors (e.g., VEGF, PDGF) and cytokines (e.g., IL-1,

TNF-a) play crucial roles in regulating these phases. They coordinate cell migration,

proliferation, and differentiation. Inflammation has a dual role in wound healing. While acute

inflammation is essential for tissue repair, chronic inflammation can impede healing and lead

to complications, such as fibrosis or prolonged wound presence

4. Advantages of Herbal Formulations for Topical Use

>
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Enhanced Penetration: Natural enhancers improve absorption into skin layers.
Site-Specific Action: Direct application to the target area for better efficacy.
Reduced Toxicity: Local application minimizes systemic side effects.

Fewer Side Effects: Herbal extracts are generally safe and well-tolerated.
Synergistic Effect: Multiple phytoconstituents work together for enhanced results.
Bioavailability Boosters: Certain compounds improve absorption of active agents.
Soothing Properties: Ingredients like aloe vera calm and reduce irritation.
Antimicrobial Action: Herbs prevent infections in wound healing.

Skin Regeneration: Promotes collagen synthesis and tissue repair.

Anti-Inflammatory Effects: Reduces swelling and redness in affected areas !*.

5. Common Medicinal Plants with Wound Healing and Anti-inflammatory Properties

Various medicinal plants have long been recognized for their wound healing and anti-

inflammatory potential. These plants, including Aloe vera, Curcuma longa, Centella asiatica,

and Azadirachta indica, contain bioactive compounds that contribute to tissue regeneration

and inflammation control. Their pharmacological validation through modern research

supports their efficacy in treating skin injuries, wounds, and inflammatory conditions. These

plants offer a natural alternative for topical therapies, enhancing healing while minimizing

side effects

[9-12]
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Table 1: Medicinal Plants and Their Wound Healing & Anti-inflammatory Properties B-

12]

Sr. | Plant Phytochemical Wound Healing | Anti-inflammatory
No. Constituents Properties Properties
1 Aloe vera Polysaccharides, Promotes collagen | Reduces redness,
anthraquinones synthesis and  skin | swelling, and pain
regeneration
2 Curcuma Curcumin, volatile | Enhances wound | Inhibits pro-
longa oils closure, accelerates | inflammatory
tissue repair cytokines
3 Centella Asiaticoside, Stimulates collagen | Reduces  swelling
asiatica madecassoside formation, accelerates | and erythema
wound healing
4 Azadirachta Alkaloids, Accelerates  healing, | Suppresses
indica flavonoids, prevents infection inflammatory
terpenoids mediators like TNF-
o
5 Calendula Flavonoids, Improves tissue | Reduces local
officinalis triterpenoids regeneration, inflammation  and
antimicrobial pain
6 Thuja Terpenoids, Promotes  granulation | Reduces
occidentalis flavonoids tissue formation, | inflammation and
accelerates wound | irritation
healing
7 Cymbopogon | Citral, flavonoids, | Enhances wound | Anti-inflammatory,
citratus terpenoids healing by promoting | antimicrobial effects
tissue regeneration

6. Mechanisms of Action of Herbal Agents in Wound Healing and Inflammation

Herbal agents have demonstrated significant therapeutic potential in wound healing and

inflammation through a variety of mechanisms. These natural compounds often interact with

cellular processes to promote healing while controlling inflammation
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» Antioxidant Action: Many herbs contain potent antioxidants that neutralize free
radicals at the wound site. This helps prevent oxidative damage to cells and tissues
during the inflammatory phase of wound healing. For example, compounds like
flavonoids and polyphenols found in plants such as Curcuma longa and Centella
asiatica protect cells from oxidative stress, which is often elevated during tissue
injury and inflammatory response.

» Antimicrobial Action: Topical herbal formulations exhibit antimicrobial properties
due to the presence of compounds such as alkaloids, flavonoids, and essential oils.
These compounds help prevent infection at the wound site by inhibiting bacterial
growth. Azadirachta indica, Calendula officinalis, and Thuja occidentalis are well-
known for their antimicrobial activity, which is vital for reducing the risk of
secondary infections in open wounds !'*!.

> Astringent Action: Several herbal agents exert an astringent effect, causing the
contraction of tissues and blood vessels. This action is beneficial in controlling minor
bleeding and accelerating the clotting process, especially in the early stages of wound
healing. Aloe vera, for example, has mild astringent properties that aid in reducing
exudate and promote tissue regeneration "',

» Collagen-Promoting Action: Collagen formation is a crucial aspect of wound
healing, and many herbal agents promote collagen synthesis. Centella asiatica, a well-
known herb in wound healing, stimulates collagen formation by enhancing the
activity of fibroblasts and increasing the production of collagen. This contributes to
the structural integrity of the wound site and facilitates faster tissue repair !>/,

» Anti-inflammatory Action: Chronic inflammation can delay wound healing and lead
to complications. Herbal agents with anti-inflammatory properties, such as curcumin
in Curcuma longa, help modulate inflammatory responses by reducing the levels of
pro-inflammatory cytokines like TNF-a, IL-1, and IL-6. These compounds also
inhibit enzymes like cyclooxygenase (COX), which are involved in the inflammatory
process, thus promoting a balanced immune response ['*'”.

» Modulation of Cytokines, MMPs, and VEGF: Herbal formulations play a
significant role in modulating molecular mediators involved in wound healing.
Cytokines like IL-6 and TNF-o, matrix metalloproteinases (MMPs), and vascular

endothelial growth factor (VEGF) are critical for inflammation and tissue remodeling.

Herbal agents can regulate the expression of these mediators to enhance tissue repair
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while reducing the inflammatory burden. For example, Aloe vera has been shown to

modulate VEGF, promoting angiogenesis (formation of new blood vessels), which is

essential for the healing process !'*!.

7. Conclusion: Herbal formulations have shown significant promise as effective agents for
wound healing and inflammation management due to their multifaceted mechanisms of
action. The antioxidant, antimicrobial, astringent, collagen-promoting, and anti-
inflammatory properties of various medicinal plants make them valuable candidates for
topical therapies. Herbs such as Aloe vera, Curcuma longa, Centella asiatica, and
Azadirachta indica offer a natural approach to enhancing tissue regeneration, reducing
infection risk, and controlling inflammation at the wound site. Moreover, the ability of
herbal compounds to modulate key biological mediators such as cytokines, MMPs, and
VEGF underscores their potential in regulating the complex processes involved in
wound healing. The growing body of in vitro and in vivo evidence further validates the
efficacy of these herbal agents. With their reduced side effects and synergistic effects,
herbal formulations hold significant promise as safe and effective alternatives or
adjuncts to conventional therapies in wound care and inflammation management.
Continued research and clinical validation will further establish their therapeutic
potential and facilitate their integration into modern wound care practices.
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