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ABSTRACT 

 In normal skin, the epidermis and dermis exists in a steady state equilibrium, forming a 

protective barrier against the external environment. Once the protective barrier is broken, the 

normal process of wound healing is immediately in motion. The process of wound healing is not 

only complex but fragile and susceptible interruption or failure leading to the formation of 

chromic non-healing wounds. Wound healing is an important biological process involving tissue 

repair and regeneration. The management of wound healing is a complicated and expensive 

programme where many herbs have proved to posses significant healing properties. 
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INTRODUCTION  

 Skin is a scambless bilayer organ which works as a unit with specific properties. The 

epidermis  (outer thinner layer) composed of epithelial cells which contains keratinocytes 

(protein keratin) and the basal or deepest epidermal cells are anchored to the basement 

membrane by a adhesion molecule (or glue) known as fibronectin [1]. The keratin which is a 

tough protein prevents the entry of bacteria or toxin whereas, the Langerhan’s cells containing 

granules fixes the antigens (responsible for antigen – antibody and allergy functions). The second 

dynamic layer is the dermis which is made up connective tissues [2]. The dermis is divided into 

thin superficial layer known as papillary dermis and thicker deeper portion known as reticular 

dermis. Papillary dermis is the most biologically active part containing anchoring rete pegs and 

the thicker reticular dermis responsible for durability and anchoring of skin appendages. 

Collagen type 1 is the predominant protein which provides contract orientation for dividing and 

migrating epithelial cells and fibronectin plays a major role in healing. The other ground 

substances present in dermis are glycosaminoglycan and hyaluronic acids [3]. 
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Collagens   

 Collagens are insoluble, extracellular glycoproteins found in all animals and abundant in 

human body. They are essential structural components of all connective tissues such as cartilage, 

bone, tendons, ligaments, fascia and skin. There are 29 types of collagens and the major ones are 

[4], 

 Type  I: Tendons, ligaments and bones. 

 Type II: 50% of the protein in cartilage and forms the major component of vitreous body 

              and plays an important role in notochord of vertebrate embryos.      

 Type III: The walls of hollow structures like arteries, interestine and uterus. 

 Type IV: Forms the basal lamina of epithelia. The meshwork of Type IV provides the  

                           filter for the blood capillaries and glomeruli of the kidneys. 

Primary structure of collagens 

 The basic unit of collagen is a polypeptide consisting of the repeating sequence. 

  (glycine (Gly) – X – Y)n 

 Where, X – proline (Pro) 

                         Y – Hydroxyproline (OH group is added after the synthesis of the polypeptide) 

 

Secondary and Tertiary Structure 

 The resulting molecule twists into an elongated, left – handed helix (Not an alpha helix) 

where the N-terminal and C-terminal of the polypeptide have globular domains which keep the 

molecule soluble. 

 As they pass through the endoplasmic reticulum (ER) and Golgi apparatus, the molecules 

are glycosylated, hydroxyl (-OH) groups are added to the ‘Y’ amino acid, S-s bonds link three 

chains covalently and the three molecules twist together to form a triple helix. In Type I two 

polypeptides of one kind (gene product) assemble with a second and in Type II all the three 

molecules are identical (the product of a single gene). 

 When the triple helix is secreted from the cell (usually by fibroblast) the globular ends 

are cleaved off resulting in collagen fibers. Type IV collagens are an exception where they form 

a meshwork, for filteration process. 

 

Type I collagen 

 Type I comprises upto 90% of the skeletons and widespread all over the body like skin, 

tendons, ligaments, cornea, intervertebral disks, dentine, arteries, tissues and even cartilage 

which mainly contains Type II and Type I collagen [5].  

 

Structure of Type I  

 The structure of Type I is similar to other fibrillar collagen which comprises of three 

polypeptide chains (α chains) which forms a unique triple helical structure comprising of 

heterotrimer of two α1 (1) and one α2 (1) chains. They contain an uninterrupted triple helix of 

approximately 300nm in length and 1.5 nm in diameter flanked by short non-helical telopeptides. 

The helical region is highly conserved among species [6]. The teleopeptides which do not have a 
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repeating Gly-X-Y structure and do not adopt a triple helical conformation which account for 2% 

are essential for fibril formation. 

 

Genes of Type I collagen  

 COL1A1 gene produces a component of Type 1 collagen called the pro alphal (1) chain. 

This chain combines with another pro alphal (1) chain and also with a pro-alpha2 (1) chain to 

make a molecule of Type 1 procollagen. After procollagen are processed, the resulting mature 

collagen molecules arrange themselves into long, thin fibrils. Individual collagen molecules are 

cross linked to one another within these fibrils. The Formation of cross links results in very 

strong Type1 collagen fibrils in the spaces around cells. 

 Molecular location on chromosome 17; base pairs 48,261,456, to 48,278,999  

  Cytogenetic location : 17Q21.33 

  

WOUND HEALING 

 Our skin is a seamless organ, like a fine piece of cloth cloaking valuable assets. In normal 

skin, the epidermis (outermost layer) and dermis (inner or deeper layer) exists in a steady – state 

equilibrium, forming a protective barrier against the external environment. Once the protective 

barrier is broken, wherein the normal (physiologic) process of wound healing is immediately set 

in motion). Wound healing or wound repair is an intricate process in which the skin repairs itself 

after injuiry [7]. The classical model of wound healing is divided into four sequential (yet 

overlapping) phases [8]
 

(i) Hemostasis  

(ii) Inflammatory 

(iii)  Proliferative 

(iv) Remodeling.  

 

(i)  Hemostasis  

Just before the inflammatory phase is initiated, the clothing cascade takes place in order 

to obtain hemostasis or stop blood loss by way of a fibrin clot fibrin and fibronectin cross link 

together and form a plug and prevents further blood loss [9]
 
until collagen is deposited. When the 

tissue gets wounded, blood comes in contact with collagen, triggering blood platelets to express 

glucoproteins on their cell membranes and allow them to sink to one another and aggregate to 

form a mass [10] . 

 

 Adhesion of platelets and secrets inflammatory factors such as ECM proteins, cytokines 

and growth factors like serotonin, bradykinin, prostaglandins, prostacyclins, thromboxane and 

histamine [11].  

 

(ii) Inflammatory Phase 

 In the inflammatory phase, bacteria and debris are phagocytosed and removed. 

Immediately, after blood vessel is breached, vasoconstriction lasts for 5 to 10 minutes 

where,the raptured cell membranes release inflammatory factors like thromboxane and 

prostaglandins which is responsible for collection of inflammatory cells [12].   

 Vasodilation, a widening of blood vessels which lasts for about 20 minutes releases 

histamine [13],  which causes blood vessels to become porous and edematous resulting in 

increase of osmolar load and draws water into the area and facilitates leukocytes [14]. 



International Journal of Pharmaceutical Science and Health Care                                  Issue 4, Vol. 3.May-June 2014 

Available online on http://www.rspublication.com/ijphc/index.html                                                 ISSN 2249 – 5738 

R S. Publication, rspublicationhouse@gmail.com Page 81 
 

 Neutrophils undergo apoptosis once they completed their tasks and are engulfed and 

degraded by macrophages [15].  

 Within an hour of wounding, Polymorpho Nuclear Neutrophils (PMNs) reaches the 

wound site releasing growth factors such as fibronectin, kinins and kills bacteria by 

releasing free radicals known as respiratory burst neutrophils [16]. 

 Macrophages has an important role in wound healing where it phagocytize bacteria and 

damaged tissues by releasing the enzyme proteases [17,18]. Macrophages also secretes 

growth factors and cytokines (on the 3
rd

 and 4
th

 post wounding) involving in the 

proliferation stage of healing and stimulated by low oxygen content and speedy 

angiogenisis [19]
 
leading to granulation tissue and development of new extracelluar 

matrix [20].   

 As inflammation dies down, the numbers of neutrophils and macrophages are reduced at 

the wound site which indicates the decline of inflammatory phase and entering into the 

proliferative phase [21].   

 

(iii) Proliferative Phase 

 About two or three days after the wound occur, fibroblasts begins to enter the wound site 

marking the onset of the proliferative phase [22].  

 Angiogenesis also known as neovascularization occurs concurrently with fibroblast 

proliferation when endothelial cells migrate to the area of the wound. The fibroblast and 

endothelial cells requires oxygen, and the tissues in which angiogenesis occur typically 

looks red (erythematous) due to the presence of capillaries [23]. Stem cells of endothelial 

cells, develop pseudo podia and push through the ECM into the wound site to establish 

new blood vessels [16]. Endothelial growth is directly stimulated by hypoxia and 

presence of lactic acid in the wound [24].  

 Initially, the fibroblasts utilize the fibrin cross linking fibers (well formed at the end of 

inflammatory phase) to migrate across the wound and subsequent adhering to fibronectin 

forming a ground / bed where collagen adhere to for migration [12,25].  Growth factor 

PDGF and TFG-β and fibronectin encourage proliferation and production of ECM 

molecules. 

 The most important function of fibroblast is the production of collagen and its deposition 

to increase the strength of the wound [26]. Type III collagen and fibronectin are produced  

in appreciable amounts (~10 hours and 3 days) depending upon the wound size [27] and 

their deposition is at peak at one to three weeks [28] . Type III are predominating tensil 

substance which may be replaced by stronger Type I collagen. 

 Even as fibroblast produces new collagen, collagenases, and other factors degrade it. 

Synthesis exceeds degradation so that the collagen level in the wound rises, until 

homeostasis signal leads to be the onset of maturation phase [29]. 

 Reepithelialization phase occurs as the epithelial cells migrate across the new tissue to 

form a barrier between the wound and the environment [12]. If the basement membrane 

is ruined at the wound site, reepithelization must occur from the wound margins [30] and 

hair follicles, sweat and oil gland enters the dermis lined with viable keratinocytes [31]. 

Before the migration, keratinocytes changes its shape and looks longer and flatter and 

appears like lamellipodia (like ruffles).   

 Migration of keratinocytes over the wound is due to nitric oxide after the dissolution of 

desmosomes and hemi desmosomes of keratinocytes [20]. Glycoprotein transmembrane 
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receptor protein, integrims anchor the cell to the basement by its cytoskeleton. Relocation 

of actin filaments serve as attachments to the ECM for pseudopodia during migration. 

 Epithelial cells climb over one another in order to migrate and forms sheets known as 

epithelial tongue. The first cells to get attach to the basement membrane form the stratum 

basale. Then these basal cells continue to migrate across the wound bed and slide along 

as well [32]. 

 As keratinocytes migrate over granulation tissue but underneath the scab (one which was 

formed) separating it from the underlying tissue, while kerotinocytes are developing the 

debris, clot and parts of ECM are to be dissolved and removed, therefore they secrete 

plasminogen activator, which in turn activates plasminogen turning it into plasmin to 

dissolve the scab [33,34]. New epithelial cells must be formed at the wound edges to 

replace the kerotinocytes and provide advancing sheet. 

 

(iv) Remodeling  

 The next key phase is contraction, which is long and lead to disfigurement and loss of 

function. Contraction commences, when fibroblasts have differentiated into 

myofibroblasts (5-15 days of post wounding). A large wound can become 40% to 80% 

smaller after contraction [35]. Wound can contract at a speed of upto 0.75mm per day 

depending on how loose the tissue in the wounded area [12,36]. 

 At first contraction occurs without myofibroblast involvement. Later fibroblast, simulated 

by growth factors which differentiate into myofibroblasts which in turn attracted by 

fibronectin linked to fibrin along with ECM and reach the wound edges by desmosomes. 

The myofibroblasts have many adhesions (fibronexus) which pull the ECM when they 

contract, reducing the wound size [37]. As the actin myofibroblast contracts. The wound 

edges are pulled together. The breakdown of the provisional matrix leads to the decrease 

in hyaluronic  acid and increase in chondroitin sulfate which triggers fibroblasts to stop 

migrating and proliferating which leads to the onset of  maturation stage of wound 

healing. 

 During maturation, type III collagen (during proliferation) degrades and the type; 

collagen is laid down in its place. These collagens reorganize by rearranged cross linked 

and aligned along tension lines. The onset may vary extensively depending on the size of 

the wound [38]. The tensile strength of the wound increase with the strength approaching 

50% that of normal tissue by three months after injury and ultimately reaching 80% as 

strong as normal tissue. If healing may progress inappropriately either chronic wound, 

venous ulcer or Hytertrophic pathological scarring may develop [39,40]. 

 

HYPERTROPHIC SCARS (HSC)  

 

 Hypertrophic scars are dermal fibroproliferative disorders unique to humans that occur 

following trauma, inflammation, surgery, burns and sometimes spontaneously which are 

characterized by excessive deposition of collagen in the dermis and subcutaneous tissues [41].  

Hypertrophic scars appear as a raised, erythematous, pruritic, fibrous lesions which typically 

remain within the confines of the original wound with least partial spontaneous resolution in 

varying time courses and associated with contractures of healing tissues. 

 The causative disorders represent aberrations in the fundamental processes of wound 

healing, which comprises cell migration proliferation, inflammation, increased synthesis and 
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secretion of cytokines and extra cellular matrix (ECM) proteins and remodeling of the newly 

synthesized matrix leading to disordered architecture with excessive deposition of matrix 

proteins. 

 

Architecture of hypertrophic scars 

 Hypertrophic scar region are made up of collagen and fibroblasts where the collagen 

bundles appears thicker, stretched and aligned in the same plane as the epidermis and form 

acellular node-like structures in the deeper dermal portion. Immunohistochemical analysis 

revealed that the connective tissue in the nodular structures contains α smooth muscles actin, 

positive. Fibroblasts with small blood vessels and fine randomly oriented collagen fibrils along 

with excess of proteogrycan [42]. 

 

Formation of Hypertrophic Scar:  

 The release of cytokines and activation of growth factors are the pre-requisites for the 

formation of hypertrophic scars wound re-epithelization followed by the migration of epithelial 

cells from the wound margin and epidermal appendages within the wound bed enhances the 

EGF, TGF-β, Vaccinia growth factor and 1GF [43,44]. PDGF (cytokine) released by platelets 

acts as the chemo-attachment for mitogens of fibroblasts and endothelial cells which correlates 

the development of abnormal scars. 

 

CONCLUSION 

 A clear intervention about the wound healing process reveals that the phytochemicals of 

the medicinal plants will have their efficient therapeutic role in all the stages of wound healing. 

A progenic method of investigation with the phytochemicals will lead to a effective drug 

discovery. In the past, several drugs and therapies has been adopted for the treatment of 

hypertrophic scars but a complete, study has to be focused in all the growth factors and the 

immunological response processes which will enable to develop a suitable therapeutic 

intervention for the treatment pathological scarring. 
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