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ABSTRACT 

The process of repairing damaged tissues through the replacement of malfunctioning, damaged cellular 

structures is known as wound healing. For millennia, natural substances have been utilized extensively to 

cure wounds. Studies of natural compounds for wound healing uses were presented in a number of 

published publications, which divided the methods according to many categories such traits, bioactivities, 

and modes of action. Nonetheless, recent research offers summaries of natural substances derived solely 

from plants or animals. Strong antioxidant, anti-inflammatory, antibacterial, and immunomodulatory 

qualities have been demonstrated for a variety of natural substances obtained from plant or animal sources. 

By creating multipurpose bioactive wound dressings, these substances may help control wound healing. 

However, due to their sensitivity, bioavailability, and contact allergies, many of these substances- 

especially essential oils and phytochemicals-cannot be used in their free form, which could hinder their 

application in wound healing. 

KEYWORDS: Wound healing, Natural compounds, Bioactivity, Anti-inflammation, Anti- oxidant, Anti- 
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INTRODUCTION 

A wound is a disruption in the integrity of the skin's epithelial lining, which can result from physical or 

thermal injury. The four primary stages of wound healing are the coagulation phase, which occurs right 

after injury; the inflammatory phase, which may cause swelling; the proliferation phase, which involves the 

development of newly formed blood vessels and tissue; and the maturation phase, which involves the 

remodelling of new tissues. These stages take place in a clear sequence and are integrative. The type of 

wound has a significant impact on how well the healing phases are completed [1]. There are two types of 

wounds: acute and chronic. Replacing damaged and malfunctioning cellular structures and tissue layers is 

a complicated process involved in wound healing [2]. Within four weeks, acute wounds begin to show clear 

evidence of healing. Four weeks is not enough time for chronic wounds to show signs of healing because 

they do not go through the healing phases normally. One could argue that the type of injury, systemic 

mediators, the wound site, and any underlying illness all affect how quickly a wound heals [3]. Sutures, 

dressings, and physical healing of the wound margin are the basic methods used to treat wounds. When the 

wound is inaccessible, keep it open so that the injured region can mend itself and filled with connective 

tissue. The healing process happens in stages. For thousands of years, people have employed natural 

substances to heal wounds. Numerous plants and animals contain natural chemicals, which are a readily 

available source for treating wounds. Using ancient Chinese and Indian remedies, they have shown promise 

in healing [4]. Damage or injury to the skin is referred to as cutaneous wounds. But wounds are not the 

same. Knowing the kind of wound is essential before choosing the best course of treatment because each 
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form of wound differs greatly from the others due to its unique biology and pathophysiology [5]. There are a 

number of internal and external variables that can cause cutaneous wounds. There are a number of internal 

and external variables that can cause cutaneous wounds. While internal variables may result from 

dysregulation in certain metabolic pathways, such as diabetes, external factors are primarily 

environmental factors that can cause skin damage, such as injuries from accidents [5]. 

THE PROCESS OF WOUND HEALING 

Haemostasis, inflammation, proliferation, and remodelling are the four stages of the wound healing 
process. An example of how a wound heals is shown in the given figure: 

 

 

Fig 1: The process of wound healing [4] 

i. Haemostasis Phase 

Haemostasis is the initial step in wound healing. In order to eliminate microbes and antigens, blood rushes 

out of the damaged lymphatic capillaries during this phase [6]. When exposed collagen is present, the body 

will trigger several clotting cascades and thrombocytes to clump together. In order to minimize blood loss 

and replace tissue gaps in damaged arteries with blood clots that carry growth factors and cytokines, 

platelets simultaneously cause vasoconstriction [7]. The molecules fibrin, fibronectin, vitronectin, and 

thrombospondin are found in the clot. These molecules create a temporary matrix that serves as a 

scaffolding structure for the migration of leukocytes, keratinocytes, fibroblasts, and endothelial cells. 

Additionally, the clot is a reservoir of growth factors that prevent bleeding and stabilize blood clots [4]. 

ii. Inflammation Phase 

Inflammation, the second stage of wound healing, aims to clean the wound and get it ready for the 

development of new tissue. This phase, which appears as neutrophils, lasts for two to five days after the 

wound gets infected. Proteases (elastase, cathepsin G, and proteinase 3) that aid in the destruction of germs 

in the wound and the removal of debris can be phagocytized and secreted by neutrophils. Additionally, 

neutrophils stimulate VEGF and IL-8 to respond to repair during wound healing by releasing mediators 

(TNF-α, IL-1, and IL-6) to intensify the inflammatory response [8]. The macrophage process then 

contributes to the continuing process by secreting growth factors, chemokines, and cytokines and 

phagocytosing the debris [9]. Macrophages enhance cell proliferation and tissue healing following injury, 

reduce apoptosis, and promote and manage inflammation [10]. 
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iii. Proliferation Phase 

The most crucial stage for the wound healing process, known as the proliferation phase, lasts between six to 

twenty-one days. Fresh collagen and extracellular matrix tissue are added to the wound in the proliferation 

phase of wound healing. After then, when new tissues grow, the wound gets smaller. Granulation tissues 

need a new blood artery network to stay healthy and get enough oxygen and nutrients. Granulation tissue 

development is facilitated by fibroblast regulation toward myofibroblasts. Myofibroblasts are distinguished 

by their ability to generate force and produce extracellular matrix components which facilitate granulation 

tissue contraction [11]. Myofibroblasts employ a method similar to smooth muscle cells to seal the wound by 

grasping its edges and drawing them together. Granulation tissue has an irregular texture and appears pink 

or crimson during the early phases of wound healing. Moreover, granulation tissue in good health is 

resistant to clots [12]. Infection, ischemia, or inadequate perfusion can all result in dark granulation tissue. 

The wound is resurfaced by epithelial cells close to the end of the proliferation phase. Epithelialization is 

accelerated when wounds are kept wet. When occlusive or semi-occlusive dressings are administered within 

48 hours after the injury, epithelialization takes place. This is due to the maintenance of appropriate tissue 

humidity. One achievement of the proliferation phase is the restoration of tissue structure and function by 

substituting a new matrix made up of collagen fibres, proteoglycans, and fibronectin for the transient fibrin 

matrix [4]. 

iv. Remodelling Phase 

In most clinical settings, the closure of both acute and chronic wounds is considered the wound healing 

endpoint; nevertheless, wounds can undergo tissue maturation or remodelling for a few years or months [13]. 

This last phase of wound healing determines whether scarring will develop and whether the wound will 

recur. The remodelling phase includes granulation tissue restoration to scar tissue, periodic deposition to 

the extracellular matrix, and regression of the neovascular system [14]. Granulation tissue is mostly 

composed of collagen III, which gets replaced over time as the wound heals with the stronger collagen I. 

This happens as a result of concurrent creation of collagen I and lysis of collagen III, followed by 

remodelling of the extracellular matrix [15]. Scar tissues are formed during the remodelling phase, which 

may take a few months or years to finish, depending on the location and severity of the wound and the 

treatment techniques used. The regenerated tissue progressively gains strength and flexibility during this 

period. Collagen synthesis is increasing the skin's tensile strength and elasticity. Macrophages restore their 

phagocytic nature during re- epithelialization. M2c-like macrophages phagocytose extra cells and matrix 

that are no longer needed for wound healing [16]. 

 

 

NATURAL COMPOUNDS FOR WOUND HEALING 

Thousands of years ago, natural substances were widely utilized to cure wounds. These substances can be 

separated into natural compounds originating from plants and those derived from animals 

based on where they come from. Both sources are plentiful and simple to produce or extract [17]. Based on 

their bioactivities, natural chemicals for wound healing can also be categorized as pro- angiogenesis, anti- 

inflammatory, antioxidant, antibacterial, and collagen-promoting [17]. 

I. Essential oils 

More than 17,000 plant species produce essential oils (EOs). With the exception of sassafras, vetiver, and 

cinnamon oils, these essential oils are insoluble volatile liquids with distinctive odours and comparatively 

low densities. Several plant sections are used to store essential oils obtained from plants. Orange and 

lavender flowers, roots (vetiver, sassafras), leaves (mint, thyme, and eucalyptus), bark (cinnamon, 

sandalwood, and rosewood), seeds (carvi and coriander), fruits (fennel and anise), and plant resins 

(frankincense) are other examples. These are secondary metabolites that have a distinct scent, are mostly 

composed of volatile hydrocarbons and terpenes, and have antibacterial, antifungal, and deterring 

properties that help plants protect themselves or appropriately adapt to their surroundings [18]. When 

essential oils for wound treatment are used topically, they come into direct contact with the skin and can be 

absorbed until they reach deeper layers [19]. 
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Fig 2: An illustration showing different plant-derived natural materials [18] 

 

 

Table 1. Some essential oils with their storage parts in plants [18] 

 

Essential oil Storage part in plants Density 

Orange Flowers Less than one 

Lavender Flowers Less than one 

Vetiver Roots More than one 

Sassafras Roots More than one 

Mint Leaves Less than one 

Thyme Leaves Less than one 

Eucalyptus Leaves Less than one 

Cinnamon Bark More than one 

Sandalwood Bark Less than one 

Rosewood Bark Less than one 

Carvi Seeds Less than one 

Coriander Seeds Less than one 

Fennel Fruits Less than one 

Anise Fruits Less than one 

Frankincense Plant resin Less than one 
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II. Phytochemicals 

For ages, traditional medicine has used plant phytochemicals-non-nutritive plant components-to treat 

wounds [20]. Based on their role in plants, they can be divided into primary and secondary metabolites. 

Plant viability depends on primary metabolites such lipids, proteins, carbohydrates, pyrimidines, and 

purines. Conversely, a class of plant compounds known as secondary metabolites is created by a variety of 

metabolic processes and may originate from fundamental metabolic cascades [21]. These secondary 

phytochemicals are thought to shield plants from infections because of their antiviral, antifungal, and 

antibacterial properties, according to numerous research. These substances can also shield plant leaves 

from severe light damage because they are potent UV absorbers [22]. Based on their chemical composition, 

secondary plant phytochemicals are divided into three main groups: (1) phenolic compounds like 

flavonoids and phenylpropanoids; (2) nitrogen- containing compounds like glucosinolates and alkaloids; 

and (3) terpenes [23]. Pentose phosphate and phenylpropanoid pathways in plants are the sources of phenolic 

chemicals. They include a few hydroxyl groups in an aromatic ring [24]. Plants create alkaloids, a type of 

nitrogen-containing chemicals, in response to the biotic or abiotic environmental stimuli. They are 

distinguished by the variety of their structures and functions [25]. In addition to being stable under typical 

circumstances, glucosinolates are distinguished by the inclusion of both nitrogen and sulphur atoms inside 

their structure [26]. One of the most prevalent classes of phytochemicals found in plants, terpenoids have a 

variety of biological functions. Roots, blooms, and vegetative tissues are among the plant parts that 

produce them [27]. These chemicals' strong anti-inflammatory and antioxidant properties [28], along with 

their capacity to speed up tissue epithelization and encourage angiogenesis [29], may account for most of 

their positive effects on wound healing. These phytochemicals have a wide range of pharmacological uses, 

but their low bioavailability, hydrophobicity, light sensitivity, and restricted skin penetration make them 

difficult to use in wound healing [30]. 

 

 

III. Resins 

Resins are metabolic products that some plants release as natural exudates from wounds or injuries to their 

bark. Commiphora myrrha and Boswellia serrata are examples of oleo-resins. Typically, they have traces of 

the plant's essential oil. Resins are frequently utilized as thickeners, emulsifiers, stabilizers, and binding 

agents in the pharmaceutical industry. Resins were applied topically in the majority of studies as an 

ointment or cream with a specific concentration to control wound healing. The findings showed that 

formulations based on resin could improve tissue strengthening, wound contraction, and early collagen 

tissue development in the injured area [31]. Frankincense resin, which is made from the bark of Boswellia 

trees, is one of the most well-known plant resins [32]. It is mostly made up of alcohol-soluble substances 

including di- and triterpenes (30–60%), essential oils (5-10%), and gum, which is made up of water-soluble 

saccharides like pentose and hexose [33]. Numerous cosmetic formulations, such as soaps, creams, and 

lotions promoting skin softening and the treatment of certain skin conditions, contained frankincense resin 
[34]. Because boswellic acids (BA) can inhibit 5-lipoxygenase, which is responsible for the manufacture of 

leukotrienes, this resin has been demonstrated to possess an anti-inflammatory action [34]. Furthermore, 

frankincense resin can cause consistent skin pigmentation and lessen skin irritation, indicating that it may 

be a sophisticated substance for wound healing [35]. This resin was used in a recent study to create a 

biocompatible film for wound healing. 

 

 

IV. Biopolymers 

Since most plant-based biopolymers are multifunctional, adjustable, and may be made in a variety of forms 

with prolonged drug release depending to the assigned application, they have been studied for biomedical 

applications for many years [36]. Plant-derived biopolymers are broadly classified into proteins like soy, 

gluten, and zein [37] and polysaccharides like pectin, starch, alginate, and cellulose [38]. Researchers are 

drawn to these biopolymers because they have some advantageous characteristics in common. They are 

plentiful, non-carcinogenic, non-immunogenic, and biocompatible [37]. 

According to a number of research, these biopolymers can be employed in wound healing by being 

formulated into various structures, including hydrogels, membranes, nanofibers, and composites, to provide 

intelligent and multipurpose wound dressing materials [39]. 
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V. Chitosan 

Animal-derived polymers are abundant in nature and have a wide range of medicinal uses. These polymers 

are all nontoxic, non-immunogenic, biodegradable, and biocompatible [40]. Chitosan represents one of the 

greatest often used polymers generated from animals. N-acetylglucosamine and glucosamine are joined by 

a 1-4 glycosidic link to form this co-polymer. In addition to being found in yeasts, fungi, and insects, 

chitosan is a derivative of chitin, which is widely distributed in the exoskeleton of marine crustaceans like 

crabs and shrimp [41]. Since it is the only positively charged polysaccharide because of the presence of 

amino groups in its structure, which boosts its potential to interact with negatively charged molecules found 

in the bacterial cell membrane, it can be used in wound healing because of its strong antibacterial activity 
[42]. However, because chitosan is only soluble at pH values lower than 6.5, it cannot be utilized in its free 

form for wound healing [43]. 

 

 

VI. Hyaluronic acid 

Our bodies contain large amounts of hyaluronic acid (HA), a naturally occurring polymer. N-acetyl- D- 

glucosamine and D-glucuronic acid are repeating units in this extremely anionic and hydrophilic polymer. 

Depending on the intended use, this intriguing biopolymer can be readily altered to produce a variety of 

derivatives. Furthermore, hyaluronic acid serves as a targeting molecule that can bind to CD44 receptors 

that are overexpressed in certain conditions [44]. It was discovered that HA's role in wound healing varies 

depending on its size. Large chains can operate as a space filler during the creation of granulation tissue, 

but they are necessary during the inflammatory phase to function as a porous network. On the other hand, 

short and light HA fragments can promote appropriate collagen deposition and fibroblast migration [45]. To 

control wound healing, numerous formulations based on HA or its analogues combined with other 

polymers were created in the form of films, hydrogels, or nanocomposites [46]. 

 

 

VII. Bee products (Apitherapeutic) 

Apitherapy is the use of certain bee products to treat certain human conditions [47]. All varieties of honey 

can be summed up as an acidic (pH 3.6) concentrated aqueous solution that contains enzymes, minerals, and 

vitamins along with sugars in various ratios (40% glucose, 40% fructose, and 20% water) [48]. Because the 

natural enzyme glucose oxidase produces hydrogen peroxide, bee honey essentially acts as an antibacterial 

agent during wound healing. Reactive free radicals are produced when hydrogen peroxide breaks down, 

and these radicals have the ability to directly contact with bacteria and kill them [49]. However, depending 

on their high sugar content and low pH, some honey varieties function as antibacterial agents and do not 

create hydrogen peroxide [50]. Propolis, another component of honeybees, is made up of at least 300 

different substances, mostly amino acids, steroids, and phenolic compounds [51]. Because they include 

phenolic chemicals and cinnamic acids, they have strong antibacterial activity [52]. Additionally, some plant 

sources like birch, beech, and willow contain propolis [53]. 

 

 

VIII. Hydrogels 

Due to their water absorption qualities, hydrophilicity, non-adhesiveness, and capacity to replicate the skin 

microenvironment, hydrogels made from natural polymers are an excellent option for encapsulating natural 

compounds with increased potency in wound management [54]. They can be combined directly with active 

compounds or put into nanoparticles containing active chemicals. Gelatin is a naturally occurring protein 

that is generated from collagen. Because of its well-known action in cellular migration, proliferation, and 

adhesion, it can be used to make wound dressings [55]. Its poor mechanical qualities, however, prevent it 

from being used exclusively in the creation of wound dressings; instead, it should be crosslinked or 

combined with other biomaterials, like plasticizers or nanoparticles, to enhance its mechanical qualities [56]. 
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Fig 3: Different plant phytochemicals with wound healing potential [18] 

 

CONCLUSION 

In reaction to a cut or injury to the skin, wound healing is a typical physiological overlapping process that 

takes place concurrently. Conventional wound dressings are often composed of inert materials that have no 

effect on the healing process and only operate as a barrier to reduce bacterial infections. Natural materials 

are becoming more and more popular as wound-healing materials because of their affordability, safety, 

and—most importantly—their special multifunctionality and bioactive qualities. These organic substances 

may have antibacterial, anti-inflammatory, antioxidant, or collagen synthesis-promoting properties. 

Researchers may encounter certain obstacles while attempting to apply these substances to wound healing, 

though. The creation of formulations based on natural ingredients that effectively control the healing of 

various wound types has advanced significantly. These formulations include hydrogels based on natural 

polymers, films based on plant resins, and composites of nanoparticles in nanofibers. Before these 

polymer-based formulations are used in clinical settings in the future, their clinical potential should be 

assessed. Scaling up these formulations is a significant issue, though, since they must be made in big 

quantities in a repeatable manner and successfully finish all formulation stages and clinical review before 

being released into the market. 
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