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Abstract
Background : A complex biological process, wound healing involves the coordinated interaction of molecular and
cellular systems. It is an essential physiological reaction that guarantees tissue integrity after damage. Many variables,
such as immune cells, extracellular matrix components, and inflammatory mediators, strictly regulate the process. Initiating
tissue repair, attracting immune cells, and avoiding infections all depend on the early inflammatory response. However,
whether wound healing occurs optimally or is hampered depends on the degree and duration of inflammation. By
coordinating immune responses, tissue healing, and remodeling, inflammatory mediators are essential in controlling this
process. These mediators, which each have a distinct role in different phases of healing, include cytokines, chemokines,
growth factors, reactive oxygen species (ROS), and nitric oxide (NO). Early immune responses are triggered by pro-
inflammatory mediators like tumor necrosis factor-alpha (TNF-) and interleukin-1? (IL-1), whereas anti-inflammatory
mediators like interleukin-10 (IL-10) and transforming growth factor-beta (TGF-) aid in the wound's transition from
the inflammatory to the repair phases. OneThis study examines the available data about the function of inflammatory
mediators in wound healing, highlighting how they can both aid and hinder the healing process. While efficient repair
requires acute inflammation, chronic wounds, fibrosis, and delayed healing can result from excessive or protracted
inflammation. Successful healing outcomes thus depend on the delicate balance between pro-inflammatory and anti-
inflammatory mediators.1
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Review Article

Introduction
Effective tissue regeneration requires a balanced inflammatory
response that is mediated by growth factors, chemokines,

and cytokines. Clarifying the function of important inflammatory
mediators in wound healing and going over their potential
therapeutic applications are the goals of this review.2
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v Vascular Endothelial Growth Factor (VEGF):
Enhances vascularization, ensuring adequate oxygen
and nutrient supply¹³.

v Epidermal Growth Factor (EGF): Promotes
keratinocyte migration and epithelialization14.

3.3 Reactive Oxygen Species (ROS) and Nitric Oxide
(NO)
v ROS serve as signaling molecules that modulate

inflammation and antimicrobial defense15.
v NO regulates vasodilation and immune cell activity,

influencing wound repair outcomes16.
The Dual Role of Inflammation in Wound Healing
Inflammation is a double-edged sword in wound healing.
While essential for initial immune defense and tissue repair,
excessive or unresolved inflammation can impair healing and
lead to chronic wounds17. Conditions such as diabetes,
infections, and ischemia exacerbate prolonged inflammatory
responses, disrupting tissue regeneration18. Strategies to
modulate inflammation include:
v Targeting pro-inflammatory cytokines with anti-TNF

or IL-1 inhibitors19.
v Enhancing anti-inflammatory mediators like IL-10 and

TGF-20.
v Utilizing antioxidant therapies to balance ROS levels²¹.
Therapeutic Implications and Future Directions
Advancements in wound healing therapies focus on
controlling inflammatory mediators for optimal tissue repair.
Current strategies include :
v Biologics and Growth Factor Therapy :

Recombinant EGF and VEGF enhance re-
epithelialization²².

v Stem Cell Therapy : Mesenchymal stem cells
modulate inflammation and promote regeneration²³.

v Nanotechnology-Based Drug Delivery : Targeted
delivery of anti-inflammatory agents reduces systemic
side effects24.

v Gene Therapy : Modulating cytokine expression
through gene editing enhances wound healing
outcomes²?.

Future research should aim to refine these approaches,
ensuring personalized wound care strategies tailored to
individual patient needs.
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A deeper understanding of these mechanisms may aid in the
development of targeted therapeutic interventions, such as
biologics, stem cell therapy, and nanotechnology-based drug
delivery systems, to optimize wound management. This
review aims to provide insights into the molecular pathways
governing inflammation in wound healing and highlight
emerging strategies for improving clinical outcomes
Phases of Wound Healing
The wound healing process consists of distinct yet
interconnected stages:
v Hemostasis : Initiated immediately after injury,

platelets aggregate to form a fibrin clot, preventing
further bleeding5.

v Inflammation : Neutrophils and macrophages
infiltrate the wound site, releasing cytokines and
reactive oxygen species (ROS) to combat infection6.

v Proliferation : Fibroblasts and keratinocytes promote
granulation tissue formation, angiogenesis, and re-
epithelialization7.

v Remodeling : Collagen deposition and extracellular
matrix (ECM) remodeling strengthen the repaired
tissu8.

Each phase is tightly regulated by inflammatory mediators
that influence the progression and resolution of healing.
Key Inflammatory Mediators in Wound Healing
Inflammatory mediators play diverse roles in coordinating
immune responses and tissue repair. Major categories
include :
Cytokines and Chemokines
v Pro-inflammatory Cytokines : Tumor necrosis

factor-alpha (TNF-), interleukin-1? (IL-1), and
interleukin-6 (IL-6) initiate inflammation by activating
immune cells9.

v Anti-inflammatory Cytokines : Interleukin-10 (IL-
10) and transforming growth factor-beta (TGF-)
regulate immune suppression and promote tissue
remodeling10.

v Chemokines : CCL2 and CXCL8 attract neutrophils
and macrophages, guiding immune cell infiltration to
the wound site¹¹.

3Growth Factors
v Platelet-derived Growth Factor (PDGF): Stimulates

fibroblast proliferation and angiogenesis¹².
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Conclusions
Inflammatory mediators play a crucial role in regulating
wound healing, influencing immune responses, tissue repair,
and remodeling. While inflammation is necessary for initiating
healing, dysregulated or prolonged inflammation can impair
the process, leading to chronic wounds. Understanding the
balance between pro-inflammatory and anti-inflammatory
signals is essential for developing effective therapeutic
interventions. Advances in biotechnology, nanomedicine, and
regenerative medicine offer promising avenues for optimizing
wound healing and improving patient outcomes.
Recent studies have highlighted the importance of resolving
inflammation in wound healing, with a focus on identifying
novel therapeutic targets and strategies to modulate
inflammatory responses. For instance, research on
specialized pro-resolving mediators (SPMs) has shown
promise in promoting tissue repair and reducing
inflammation. Additionally, the development of biomaterials
and scaffolds that can regulate inflammation and support
tissue regeneration has emerged as a promising area of
research. By leveraging these advances, clinicians and
researchers can work towards developing more effective
treatments for wound healing, ultimately improving patient
outcomes and reducing the burden of chronic wounds on
healthcare systems.
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