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 Abstract: Phytochemicals, natural compounds found in medicinal plants, play an important role in 

wound healing. This bioactive substance has been studied extensively for its therapeutic properties 

and is increasingly recognized for its potential to promote the healing process. Natural Medicinal 

Products for Wound Healing medicinal plants and their extracts have a long history of use in wound 
healing. They have been used as a topical application to facilitate wound healing. Research shows 

that this natural product contains phytochemicals that contribute to its healing properties. Structure 

of Bioactive Phytochemicals, research emphasizes the structure of key bioactive phytochemicals 

involved in wound healing. This compound is of particular interest because of its potential to speed up 
the healing process. Wound Healing Medicinal Plants various medicinal plants have been identified 

for their effectiveness in wound healing. This plant and its phytochemical components have shown 

promising results in aiding the closure of deep, full-thickness, and partial-thickness wounds. 
Phytochemicals found in medicinal plants offer a natural and promising approach to wound healing. 

Its therapeutic potential is rooted in centuries of traditional use and supported by contemporary 

research. Further exploration of these compounds may lead to the development of innovative wound 

treatments. 
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I. INTRODUCTION NATURAL MEDICINAL PRODUCTS FOR WOUND HEALING 

Wound healing is a complex and dynamic process that the body experiences to repair damaged tissue. 

Although the human body has extraordinary regenerative capabilities, various factors, including the type and 

severity of injury, can influence the healing process[1]. Natural medicinal products derived from plants have 

been studied for their potential in improving wound healing. In this comprehensive explanation, we will explore 

the role of natural medicinal products in wound healing, the mechanisms behind their effectiveness, and some 

key examples of such products. Wound healing is a fundamental physiological process that the body performs to 

maintain tissue integrity and protect against infection. The process can be categorized into four overlapping 

phases: hemostasis, inflammation, proliferation, and remodeling[2].  

Each phase involves a complex interaction of cellular and molecular events that are orchestrated to 

restore tissue homeostasis. One important aspect of wound healing is managing the inflammatory response. 

Excessive inflammation can hinder the healing process. Some natural medicinal products are known for their 

anti-inflammatory properties[3]. These substances can help modulate the inflammatory response and reduce 
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swelling and pain associated with wounds. For example, compounds such as curcumin from turmeric and 

quercetin found in various fruits and vegetables have shown powerful anti-inflammatory effects. Oxidative 

stress can inhibit wound healing by causing cell damage and delaying tissue repair. Natural products rich in 

antioxidants, such as vitamins C and E, can ward off oxidative stress. These antioxidants scavenge free radicals 

and create a better environment for wound healing[4]. Aloe vera, for example, contains antioxidants that 

contribute to wound healing. Infection is a major concern in wound care, because it can cause complications and 

hinder the healing process. Some natural medicinal products have antibacterial properties, making them useful 

for treating wounds. Honey, for example, has been used for centuries for its antibacterial and wound healing 

properties. This creates an inhospitable environment for bacteria and promotes tissue regeneration. Collagen is 

an important component of the extracellular matrix and plays an important role in wound healing. Natural 

products that stimulate pro-collagen synthesis can accelerate the formation of new tissue[5].  

Compounds such as epigallocationchin gallate (EGCG) found in green tea have been shown to increase 

collagen production, aiding wound closure and tissue regeneration. Mechanism of Action Natural medicinal 

products contribute to wound healing through various mechanisms: Anti-Inflammatory Action: They reduce 

inflammation, prevent excessive tissue damage and promote a better healing environment[6]. Antioxidant 

Effect, Antioxidants neutralize free radicals, reduce oxidative stress and cell damage. Antibacterial Properties, 

Some natural products inhibit the growth of bacteria, preventing infection in wounds. Growth Factor 

Stimulation: Certain compounds stimulate the release of growth factors, promoting tissue repair and 

regeneration. An important example of a natural medicinal product is aloe vera, a succulent plant, famous for its 

wound healing properties[7].  

Contains polysaccharides that stimulate skin regeneration and anti-inflammatory compounds that 

soothe injured tissue. Aloe vera gel is often applied to minor burns, cuts, and abrasions to speed healing. Honey 

has been used for centuries as a natural remedy for wounds. It has strong antibacterial properties due to the 

presence of hydrogen peroxide and other bioactive compounds[8]. Honey creates a protective layer on wounds, 

prevents infection, and promotes tissue repair. Manuka honey, which comes from the Manuka tree in New 

Zealand, is well known for its wound healing properties. Curcumin, the active compound in turmeric, exhibits 
powerful anti-inflammatory and antioxidant properties (Figure 1)[9]. Can help reduce inflammation, pain and 

swelling in wounds. Turmeric paste is sometimes used topically to speed wound healing. Green tea contains 

EGCG, a powerful antioxidant and stimulator of pro-collagen synthesis. Applying green tea extract to wounds 

can increase collagen production, aiding tissue repair. Additionally, its anti-inflammatory properties may 

contribute to a more efficient healing process. Calendula, also known as marigold, has anti-inflammatory and 

antimicrobial properties. Calendula oil or cream is applied to wounds to soothe irritation and reduce 

inflammation[10]. 

 
 

Figure 1. Curcumin, the active compound in turmeric, exhibits powerful anti-inflammatory and antioxidant[9]. 
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II. BIOACTIVE PHYTOCHEMICAL STRUCTURES 

Skin injuries have a major impact on the global health system, creating a significant burden on the 

economy and society. In addition, the situation was exacerbated by the low cure rate, which was actually 

overestimated in the reports. Skin wounds are generally classified into acute and chronic. The immune response 

plays an important role during acute wound healing[11]. Activated immune cells and factors initiate the 

inflammatory process, facilitate wound cleansing, and promote subsequent tissue healing. However, 

dysregulation of the immune system during the wound healing process leads to persistent inflammation and 

delayed healing, which ultimately leads to chronic wounds. The chronic wound microenvironment is 

characterized by high numbers of pro-inflammatory macrophages, increased expression of inflammatory 

mediators such as TNF-α and IL-1β, increased matrix metalloproteinase activity, and abundance of reactive 

oxygen species. In addition, chronic wounds are often complicated by a bacterial biofilm, which maintains the 

inflammatory phase[12]. The persistent inflammation and microbial biofilm make healing of chronic wounds 

extremely difficult. In this review, we discuss the role of innate and adaptive immunity in the pathogenesis of 

acute and chronic wounds. In addition, we review recent immunomodulatory therapy strategies, including 

modification of macrophage phenotype, regulation of miRNA expression, and targeting of pro- and anti-

inflammatory factors to enhance wound healing[13]. 

Skin wound healing is a complex process involving a variety of immune and structural cells, in which 

the secretion of cytokines, chemokines, and growth factors regulates the stages of healing. Typical wound 

healing has traditionally been divided into four successive stages: hemostasis, which lasts from a few minutes to 

a few hours after skin injury, acute inflammation, which lasts 1 to 3 days, proliferation, which usually lasts from 

a few days to a month, and finally, skin remodeling or scar formation. Tissue damage is followed by rapid 

vascular contraction to prevent bleeding from vascular injury. Platelets, the main cellular mediators of 

hemostasis and coagulation, initiate healing as soon as they receive signals from the extracellular matrix (ECM) 

and local cells[14]. The ECM secretes proteins such as fibronectin, collagen, and von Willebrand factor, which 

attach to platelet receptors such as glycoprotein 6, thereby forming blood clots. Blood clots consist of platelets 

embedded in a network of fibrin, fibronectin, vitronectin, and thrombospondin, and are essential for protecting 

against bleeding. In addition, blood clots protect the injured environment from bacterial invasion and serve as a 

source of cytokines and growth factors released from activated platelets and necessary for recruitment of 

immune cells. Release of alpha-granules from platelets results in the release of certain factors, including platelet 

factor 4 (PF4), platelet-derived growth factor (PDGF), vascular endothelial growth factor (VEGF), fibroblast 

growth factor (FGF), hepatocyte growth factor, and transforming growth factor-beta 1 (TGF-β1), which is 

important for the initiation of the inflammatory process. The most abundant component of alpha-granules is 

PF4, which facilitates neutrophil and macrophage recruitment, monocyte differentiation, and reactive oxygen 

species (ROS) formation. Platelet-derived TGF-β1 stimulates keratinocyte proliferation and remodeling and 

regeneration of the epidermal layer[15]. 

The physiological process of wound healing involves four steps: hemostasis, inflammation, 

proliferation, and maturation, which work properly and coordinately to ensure proper healing. However, if the 

wound fails to go through this organized process, healing of the skin tissue is delayed, and eventually leads to a 

chronic wound. Some common features of non-healing wounds are exudation, recurrent infection, tissue 

necrosis, incomplete re-epithelialization, decreased angiogenesis, and overproduction of ROS (reactive oxygen 

species). In general, chronic wounds can be categorized into three main categories: diabetic foot ulcers (DFU), 

vascular ulcers, and pressure ulcers[16]. These injuries are commonly found in older people who suffer from 

pathological conditions such as diabetes mellitus, vascular disease, and obesity. Diabetes mellitus affects all four 

steps in skin wound healing. Diabetic ulcers are associated with a high pro-inflammatory profile due to 

overexpression of inflammatory cytokines, such as TNF-α, and reduced production of pro-healing mediators, 

including IL-10 and TGF-β. This leads to polarization of macrophages towards the M1 phenotype, activation 

and degranulation of CD8+ T cells, resulting in tissue necrosis. Chronic wound healing is characterized by the 

prolonged presence of myeloid cell populations, such as macrophages, neutrophils, and monocytes, in the late 

stages of inflammation. In contrast, the percentages of Langerhans cells (LC), dermal cells, and eosinophils 

decreased during this process. Mastocytes are also involved in the development of chronic wounds. Cutaneous 
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mast cells are degranulated in diabetic ulcers, and decreased activity accelerates wound healing. T cells also 

play a role in maintaining a pro-inflammatory profile in non-healing skin wounds[17]. 

 
Figure 2. Base structure and subgroups of flavonoids. 

 

III. INNOVATIVE TREATMENT STRATEGIES WOUND HEALING 

The wound healing process is a highly specialized and dynamic multiphase process for repairing 

damaged or injured tissue through complex mechanisms. Failure in the normal wound healing process results in 

abnormal scar formation and a chronic state that is more susceptible to infection. Chronic wounds affect the 

quality of life of patients as well as increase morbidity, mortality and a large financial burden on health systems 

worldwide, thus requiring specialized intensive biomedical care. Clinical evaluation and management of chronic 

wounds remains a challenge despite the development of various treatment plans, because it requires long-term 

treatment that requires patience and the complexity of wound healing mechanisms. Various conventional 

approaches such as cell therapy, gene therapy, growth factor delivery, wound dressings, and skin grafts are used 

to promote wound healing in various types of wounds[18].  

However, all of these therapies are not satisfactory for all wound types, so there is an urgent need for 

the development of more competitive therapies. Therefore, it is necessary to develop new and innovative 

treatment modalities for a comprehensive treatment regimen for chronic wounds. Recent developments in 

advanced wound care technologies include nanotherapy, stem cell therapy, skin graft bioinjeneri, and strategies 

based on 3D bioprinting to improve therapeutic outcomes with a focus on skin regeneration with minimal side 

effects[19]. The main aim of this review is to provide an updated overview of the development of therapeutic 

options in the healing and management of chronic wounds over the years using innovative next-generation 

approaches. In this review, we discuss the function and anatomy of the skin, wound processes and wound 

healing, followed by conventional treatment modalities for wound healing and skin regeneration[11]. In 

addition, various new and innovative strategies to promote quality wound healing such as nanotherapy, stem cell 

therapy, 3D bioprinting skin, extracellular matrix based approach, platelet rich plasma based approach, and cold 

plasma processing therapy have been discussed with their respective advantages and disadvantages. . Finally, 

the challenges of this innovative strategy are reviewed with notes on future prospects[20]. 

Currently, effective and quality wound healing is a major challenge for clinicians as well as researchers 

and also incurs significant costs. This can be proven by the increasing market for global wound care products 

which reached around 12 billion US dollars in 2020 and is expected to reach 18.7 billion US dollars in 2027. In 

general, skin wound therapy is divided into "Conventional" or "Regenerative". In conventional wound therapy, 

healing involves controlling infection by changing bandages (twice daily) and weekly debridement of damaged 

tissue[21]. Conventional treatment methods for thick or full skin defects include thin-thickness skin grafts. 

Although such grafts can save lives, there are drawbacks associated with the need for repeated surgical 

interventions, limited available donor sites, formation of hypertrophic scars, and possible impairment of 

function. On the other hand, regenerative wound healing uses emerging biomedical research technologies such 
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as smart wound dressings, bioactive biomaterial matrices, stem cell therapy, gene therapy, targeted drug/growth 

factor delivery, and bioinjury skin grafts to restore skin function after healing and recovery. damaged skin 

tissue[22]. This regenerative therapy approach allows better quality wound healing without scar formation. 

Previous approaches to wound healing have focused on regenerating the skin structure layer by layer into two 

main compartments, the epidermis and dermis, using skin substitutes involving a biological framework or 

hydrogels encapsulated with cells. Matrixes containing cells encapsulated with keratinocytes, fibroblasts, or 

various types of stem cells have shown promising results in accelerating wound healing with reduced scar 

formation. Although this approach is promising because it mimics the biological and morphological features of 

skin, there is still a lot of scope for improving skin substitutes in terms of cellular composition and spatial 

distribution to record the complex microarchitecture of native skin tissue[23]. 

 

IV. GROWTH FACTORS PROMOTERS OF THE WOUND HEALING PROCESS 

Burns can be caused by a variety of factors and carry an increased risk of infection which can seriously 

hinder the wound healing process. Chronic wounds from burns are a major health problem. Wound healing is a 

complex process regulated by cytokines, growth factors, prostaglandins, free radicals, clotting factors, and nitric 

oxide. Growth factors released during this process are involved in cell growth, proliferation, migration, and 

differentiation[24]. Reactive oxygen species are released in acute and chronic burn injuries and play an 

important role in healing and regeneration. The main objective of this review is to present the role of growth 

factors, reactive oxygen species, and metformin in the healing process of burns. Currently, burns are the fourth 

most common type of injury, caused by several factors, primarily hot water, followed by hot tea or milk, hot 

objects, hot food, hot oil, chemicals, electricity, sunlight, embers, and fire[25].  

Depending on the degree of damage, burns may be treated at home, by a pharmacist, or may require 

specialized care. Despite the existence of modern health services today, the death rate from burns is increasing 

every day. Unfortunately, burn patients are at increased risk of developing systemic and skin bacterial infections 

which can severely impede the wound healing process. Dead tissue and protein-rich exudate are present in the 

burn wound, providing a suitable environment for microbial development and colonization. When the skin is 

injured, various cell types such as keratinocytes, fibroblasts, functional cells, and growth factors (GFs) are 

recruited and involved in wound regeneration[26]. In both humans and animals, a wound can be defined as 

damage to or disruption of normal anatomical structure and function, which can be in the form of damage to the 

integrity of the skin epithelium, or it can be deeper, affecting the subcutaneous tissue and damaging several 

structures, such as tendons, muscles, blood vessels, nerves parenchyma organs, and bones. Burn-related injuries 

can be acute or chronic, depending on how long they take to heal. Compared to acute wounds, chronic wounds 

have a negative impact worldwide, with high medical costs for patients and a higher risk of death. Chronic 

wounds are venous, arterial, and diabetic ulcers that are usually associated with burns, advanced age, and 

several systemic and circulatory diseases. Worldwide, diabetic foot ulcers are a major health problem in 

healthcare[27]. 

 

V. CONCLUSION 

The review also highlights the role of epigenetic mechanisms in wound healing and the potential for 

epigenetic-based interventions to improve healing outcomes. The incidence of chronic wounds is increasing due 

to factors like an aging population and diabetes. Recent advances in nanotechnology and other innovative 

approaches offer promising strategies for enhancing therapeutic outcomes in wound healing. The wound healing 

process is a complex multi-phase process that involves various mechanisms and cell types. Failure in the normal 

wound healing process can lead to abnormal scar formation, chronic wounds, and increased susceptibility to 

infection. Chronic wounds have a significant impact on patients' quality of life, morbidity, mortality, and 

healthcare costs. Conventional approaches for wound healing include cell therapy, gene therapy, growth factor 

delivery, wound dressings, and skin grafts. However, these therapies are not satisfactory for all types of wounds, 

necessitating the development of new and competitive treatments. Recent advancements in wound care 

technologies, such as nanotherapy, stem cell therapy, bioengineering skin grafts, and 3D bioprinting, show 

potential for improved therapeutic outcomes with minimal side effects. The review aims to provide an up-to-

date overview of advances in therapeutic options for chronic wounds, focusing on innovative next-generation 
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approaches. Epigenetic mechanisms, including DNA methylation, histone modification, and chromatin 

reshuffling, play a crucial role in wound healing and can influence healing outcomes in both acute and chronic 

wounds. Understanding the role of epigenetic regulators in cellular functions during wound healing can lead to 

novel therapeutic approaches. 
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