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Abstract
Wound healing is a complex, dynamic process supported by a myriad of cellular events that must be tightly coordinated to efficiently repair damaged tissue1 . Regeneration and tissue repair processes consist of a sequence of molecular and cellular events which occur after the onset of a tissue lesion in order to restore the damaged tissue. The exudative, proliferative, and extracellular matrix remodelling phases are sequential events that occur through the integration of dynamic processes involving soluble mediators, blood cells, and parenchymal cells. Exudatives phenomena that take place after injury contribute to the development of tissue oedema. The proliferative stage seeks to reduce the area of tissue injury by contracting myofibroblasts and fibroplasia. At this stage, angiogenesis and reepithelialisation processes can still be observed. Endothelial cells are able to differentiate into mesenchymal components, and this difference appears to be finely orchestrated by a set of signalling proteins 2
In this chapter focus is primarily on the effect of different description of wound , the mechanism involved in wound healing, different models used in wound healing. Moreover, this chapter also includes different evaluation parameters involved in wound healing, different herbal formulations available for wound healing, different plants used in wound healing.











Introduction
Definition of Wound
A wound is a disruption of tissue integrity that results in loss or breaking of cellular and anatomic or functional continuity of living tissues. Wounds are inescapable events of life. It may arise due to physical, chemical or mechanical factors as shown in Fig 1.13,4
Proper healing of wound is essential for the restoration of disrupted anatomical continuity and disrupted functional status of the skin.5
Signs and Symptoms
Wounds are often accompanied by the following signs and symptoms.5
· Abnormal flushing and swelling of the skin as a result of the accumulation of fluid in body tissues 
· Heat and infection
· Loss of function (or mobility) and foul smell (in infected wounds only)
· Redness and throbbing pain or tenderness in the wound area 
· Pus or watery discharge collected beneath the skin or draining from the wound 
Classification6
Wound can be classified into two types:
· Chronic wounds: Chronic wounds are those that are caused by a relatively slow process that leads to tissue damage. Chronic wounds include pressure, venous and diabetic ulcers. Infection then takes hold of the site and becomes a chronic abscess. Once the infection hits a critical point, it can spread locally or become systemic (sepsis).
· Acute wounds: It can be any gunshot wound or wound caused by animal bite.
Acute wounds can further be classified in to eight categories:
· Abrasion: These are also called as scrapes, which occur when the skin is rubbed away by friction against another rough surface.
· Punctures: These are deep, narrow wounds produced by sharp objects such as nails, knives and broken glass.
· Avulsions: It occurs when an entire structure or part of it is forcibly pulled away, such as the loss of a permanent tooth or an ear lobe; animal bites may also cause avulsions.
· Contusions (Bruises): These are the result of a forceful trauma that injures an internal structure without breaking the skin. Blows to the chest, abdomen or head with a blunt instrument (e.g. football or fist) can also cause contusions.
· Crush wounds: It occur when a heavy object falls on a person, splitting the skin and shattering or tearing underlying structures.
· Cuts: These are slicing wounds made with a sharp instrument leaving even edges. They may be as minimal as a paper cut or as significant as a surgical incision.
· Fish-hook wound: An injury caused by a fish-hook becoming embedded in soft tissue.
· Incised wound: Any sharp cut in which the tissues are not severed. A clean cut caused by a keen cutting instrument – the wound may be aseptic or infected, depending on the circumstances.
· Lacerations (Tears): These are separating wounds that produce ragged edges. They are produced by a tremendous force against the body, either from an internal source as in childbirth, or from an external source such as a punch.
· Penetrating wound: In which the skin is broken and the agent causing the wound enters subcutaneous tissue or a deep lying structure or cavity (the agent might be a nail, splinter or spike).
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Fig. 1.1: Factors causing wound





      WOUND HEALING
Wound healing is defined as an intricate process in which the skin (or another organ) repairs itself after injury and destroyed tissue replaced by new living tissue.7 Soluble growth factors regulate the orderly migration, proliferation and differentiation of cells as well as synthesis and degradation of proteins. Wound healing involves regeneration of specialized cells by proliferation of surviving cells and connective tissue response characterized by the formation of granulation tissue.8 Wounds healed by a spontaneous process in the organism through a cascade of events which starts by switching on various chemical signals in the body until the wound is bridged by scar tissue that bind and hold the wound in stasis which facilitates the restoration of anatomical continuity and function of skin.6 The healing of full thickness wounds extend through the entire dermis which is a dynamic process involving soluble mediators, blood cells, extracellular matrix, parenchymal cells and involve more complex well regulated biological events as shown in Fig 1.2.9The healing process begins with clotting of blood and is completed with remodelling of the cellular layers of skin.10
· Wound healing is divided into four sequential, yet overlapping 4 phases: as shown in Fig. 1.3. 
          (I) Hemostasis: which prevents blood loss.
          (ii) Inflammation and debridement of wound: to rapidly achieve a sterile environment.
            (iii) Epithelial repair, including proliferation, mobilization, migration and differentiation: to close the wound and to restore the epithelial barrier. 
          (iv) Tissue remodeling and collagen deposition: to slowly organize the closed wound matrix for increased strength and elasticity.1, 10, 11
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                                        Fig 1.2: Wound Biology
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                           Fig 1.3: Different phases of Wound Healing






[image: C:\Users\RS\Desktop\circle photos copy.jpg]






























Sequences of events involved during normal wound healing
           HEMOSTASIS
When tissue is first wounded, blood comes in contact with collagen, triggering blood platelets to begin secreting inflammatory factors. Platelets also express glycoprotein’s on their cell membranes that allow them to stick to one another and to aggregate, forming a mass.12 Fibrin and fibronectin cross-link together and form a plug that traps proteins and particles and prevents further blood loss.13

· Vasoconstriction
When a blood vessel is breached, ruptured cell membranes release inflammatory factors like thromboxanes and prostaglandins that cause the vessel to spasm to prevent blood loss and to collect inflammatory cells and factors in the area. This vasoconstriction lasts five to ten minutes and is followed by vasodilation.14
· Vasodilation
One of the major substances released from mast cell granules is histamine. Histamine acts on histamine receptor and causes the dilation of arterials and increased permeability of venules.14
INFLAMMATORY PHASE
It is an important consequence of injury and one that normally leads to tissue repair and restoration of function. Just before the inflammatory phase is initiated, the clotting cascade takes place in order to obtain homeostasis or stop blood loss by way of a fibrin clot. This acute inflammatory response usually last between 24 and 48 hours and may persist for up to 2 weeks in some cases.15 The inflammatory oedema fills up all the spaces in the wound and surrounds all the damaged or repaired structures and binds them together.11
· Polymorphnuclear neutrophils 
Within an hour of wound, polymorphonuclear neutrophils (PMNs) arrive at the wound site and become the predominant cells in the wound for the first two days after the injury occurs, with especially high numbers on the second day.  Neutrophils phagocytise debris and bacteria and also kill bacteria by releasing free radicals in what is called a 'respiratory burst.16
· Macrophages
Macrophages are essential to wound healing and are important cellular constituents of granulation tissue. Participation of macrophages and neutrophils is extremely crucial to the repair process. These cells promote the migration and proliferation of endothelial cells, leading to neovascularization of connective tissue cells, which synthesize the extracellular matrices including collagen and keratinocytes leading to reepithelialization of the wounded tissue. The macrophage's phagocytise bacteria and damaged tissue and they also debride damaged tissue by releasing proteases. Macrophages also secrete a number of factors such as growth factors and other cytokines.7, 17
PROLIFERATIVE PHASE
About two or three days after the wound occurs, fibroblasts begin to enter the wound site, marking the onset of the proliferative phase even before the inflammatory phase has ended. The major phases involve are establishment of appropriate blood supply (angiogenesis), reinforcement of injured dermal tissue (fibroplasias), creation of permeability barrier (reepithilialization).14
· Angiogenesis
Angiogenesis refers to new vessel growth by the sprouting of preexisting vessels adjacent to the wound. Newly formed vessels participate in granulation tissue formation and provide nutrition and oxygen to growing tissues. During angiogenesis, endothelial cell also produce and secrete biologically active substance or cytokines.14
           Four steps occur in the development of new capillary vessel 16 :
· Proteolytic degradation of the parent vessel basement membrane.
· Migration of endothelial cells toward the angiogenic stimulus.
· Proliferation of the endothelial cells behind the leading front of migrating cells.
· Maturation of endothelial cells with organization in to capillary tubes.
· Fibroplasia and granulation tissue 
It is a process of fibroblast proliferation, migration in to wound fibrin clot and production of new collagen and other matrix proteins that contribute to the formation of granulation tissue. Fibroplasia ends two to four weeks after wounding. In the first two or three days after injury fibroblasts mainly migrate and proliferate, while later they are the main cells that lay down the collagen matrix in the wound site.14,18
· Collagen deposition
Collagen is the family of proteins and its deposition is important because it is the main component of tissues such as cartilage and fibrous tissue that increases the strength of the wound, also provide stiffness and structure to dermal tissue before it is laid down.16 Type III collagen and fibronectin are generally produced in beginning in appreciable amounts at somewhere between approximately 10 hours and 3 days, depending mainly on wound size. Their deposition peaks at one to three weeks. The buildup of lactic acid influences the amount of collagen produced. Adequate supplies of oxygen, ascorbic acid and other cofactors such as zinc, iron and copper are needed to create the proper background for fibroplasias.19
· Epithelialization
 It is the process of restoring an intact epidermis after cutaneous injury. Basal keratinocytes from the wound edges and dermal appendages such as hair   follicles, sweat glands and sebaceous glands are the main cells responsible for the epithelialization phase of wound healing.18 Within hours of injury, undamaged epithelial cells at the wound margin begin to reproduce. The epithelial margin must release lytic enzymes, which act to cleave the attachment of non-viable tissue from the viable wound bed. A scab forms as a temporary barrier for the wound and should not be disturbed until epithelialization is complete.6
· Keratinocyte migration
Keratinocytes migration is an early event in wound reepithelialization. Migration begin as early as a few hours after wounding. However, epithelial cells require viable tissue to migrate across, so if the wound is deep it must first be filled with granulation tissue. 19, 20 Migration of keratinocytes over the wound site is stimulated by lack of contact inhibition and by chemicals such as nitric oxide.21
· Contraction
Contraction is a key phase of wound healing. Contraction starts approximately a week after wound, when fibroblasts have differentiated into myofibroblasts. In full thickness wounds, contraction peaks at 5 to 15 days after wound. Myofibroblasts, which are similar to smooth muscle cells, are responsible for contraction.22
· Reconstitution of the dermis
Dermal Reconstitution begins approximately 3 to 4 days after wound, characterized clinically by granulation tissue formation, which includes new blood vessels formation or angiogenesis, and the accumulation of fibroblast and ground matrices, named fibroplasias.14

        REMODELING PHASE
Remodeling of collagen takes place with cicastrisation, resulting in a scar.23 Remodeling consists of the deposition of the matrix and its subsequent changes over time.  When the levels of collagen production and degradation equalize, the maturation phase of tissue repair is said to have begun.24
During maturation, type III collagen, which is prevalent during proliferation, is gradually degraded and the stronger type I collagen is laid down in its place.15 Originally disorganized collagen Fibers are rearranged, cross-linked, and aligned along tension lines. The onset of the maturation phase may vary extensively depending on the size of the wound and whether it was initially closed or left open, ranging from approximately 3 days to 3 weeks.26 The maturation phase can last for a year or longer, similarly depending on wound type. The maturation phase can last for a year or longer, similarly depending on wound type.
As the phase progresses, the tensile strength of the wound increases. The strength approaches about 50% that of normal tissue by three months after injury and ultimately becoming as much as 80% strong as normal tissue.26 Since activity at the wound site is reduced, the scar loses its red appearance as blood vessels that are no longer needed are removed by apoptosis.24

DIFFERENT MODELS FOR WOUND HEALING ACTIVITY
INCISION WOUND MODEL
In this two paravertebral long incisions of 6 cm length are made through the skin of rat. After the incision is made, the parted skin is kept together and stitched with black silk by 0.5 cm apart. Surgical threads and curved needle are used for stitching. The wound is left undressed. Drug is applied daily until the complete recovery occurs. Tensile strength is the parameter which is then monitor to represent the degree of wound healing.27
· Tensile Strength
 On the 7th day after creating the wound the animals are anaesthetize. Sutures are removed on the 9th day after wounding and tensile strength is measure on the 10th day. Healing tissue along with normal skin at two ends is excised for tensile strength measurement using tensile testing machine TKG-20. Strips of 8 mm width and 20 mm length are cut out from the excised tissue in treated and control animals and are loaded between the upper and lower holder of the machine in such a way that the effective load bearing size was 8x8 mm with the wound remaining in the centre. The total breaking load is measure in newtons and the tensile strength is calculated by the following equation.28
Tensile strength=Total breaking load/Cross-sectional area 
EXCISION WOUND MODEL 
All the animals in each group were anaesthetized under diethyl ether anesthesia before wound creation.118 In this a circular wound of about 10mm is made in the fur clipped dorsal thoracic central region using accupunch of 10mm diameter. After achieving full hemostasis, animals are placed in individual cages. Drug is applied daily from 0 to 16th post wounding day or until the healing get complete, whichever is early. Parameters such as wound contraction, scar area, hydroxyproline content, period of epithelialisation, histopathology are monitor. 29
· Wound Contraction 
Wound  contraction  is  the process  of   mobilizing  healthy  skin surrounding  the   wound  to  cover  the denuded  area.  This  centripetal  movement  of wound  margin  is  believed  to  be  due  to the  activity  of  myofibroblast. 
Wound contraction is calculated as percentage of the original wound size for each animal of a group and group mean on pre-determined days i.e. 4, 6, 8, 12 14,16th days after inflicting the wound for analysis of results.30
Wound contraction (%) is calculated using the formula:
 Wound contraction (%) = [(WD0-WDt)/WD0] 100



Where:
WD0 = the wound diameter on day zero
WDt = the wound diameter on day t
· Scar Area
Scar area is measured by tracing the entire healed wound area on tracing paper on the final day when there seemed to be no visible change in the wound area and the wound had completely healed and closed.31
· Hydroxyproline Determination
Collagen is composed of amino acid i.e. hydroxyproline which is the major component of extracellular tissue that gives support and strength to the wound. The granulation tissue of wound is primarily composed of fibroblast, collegen, edema and small new blood vessels.32
Wound tissues are analysed for hydroxyproline content as described by woessner, which is a basic constituent of collagen. Tissues are dried in a hot air oven at 60–70ºC to constant weight and are hydrolysed in 6 M HCl at 130ºC for 4 h in sealed tubes. The hydrolysate is neutralised to pH 7.0 and is then subjected to chloramine-T oxidation for 20 min. The reaction is terminated by addition of 0.4 M perchloric acid and colour will developed with the help of Ehrlich reagent at 60ºC  and measured at 550 nm using a UV spectrophotometer. The amount of hydroxyproline is determined with the standard curve.33
· Histopathology
A transverse section of tissue is prepared from each group of animal and stained haematoxylin and eosin to reveal the tissue section clearly. Then the tissues are observed under microscope to study different histopathological phenomenon.29
DEAD SPACE MODEL 
In this model small transverse incision are made in the lumbar region. A polypropylene tube (2.5 × 0.5 cm) is implant subcutaneously beneath the dorsal paravertebral lumbar skin. The day of the wound creation is considered as day zero. Granulation tissue formed on the polypropylene tube is harvest by careful dissection on day 10 and the breaking strength of the granulation tissue is measure. The granulation tissue is then dried in an oven at 60°C overnight and the dry weight is noted. The granulation tissue of wound is primarily composed of fibroblast, collagen, edema and small new blood vessels.34



WOUND HEALING EVALUATION PARAMETERS
Hydroxyproline Determination33
Principle
Collagen is one of the most widely distributed proteins in the animal kingdom. Hydroxyproline, an amino acid which is found almost exclusively in collagen and which provides a direct measure of collagen content. Free hydroxyproline is released from protein and peptides by acid hydrolysis, the acid is then neutralized. The hyroxyproline is oxidized to pyrrole with chloramines T at pH 6. This intermediate then gives pink colour with 4-dimethylaminobenzaldehyde.
REAGENTS
For Hydrolysis and Neutralization
6M- HCL
1.2M NaOH
Reagents for Colour Reaction
a. Stock reagents
Acetate- citrate Buffer
Sodium Acetate                                  - 57g
Citric Acid                                         - 33.4g
1M NaOH                                          - 435ml
Mixed until dissolved (add NaOH carefully)
Chloramine T trihydrate (Sodium p-Toulenesulfonechloramide)                   
ChloramineT                                        1.41g
Water                                                   20ml
Methyl cellosolve                                 30ml
(Ethylene glycol monoethyl ether)                        
Buffer                                                  50ml
Solution is freshly prepared by dissolving 1.41g of chloramines T in 20ml water. 30ml of Methyl cellosolve and 50ml buffer were added.
Propan-2-ol        – 385ml, water up to 1 litre
DAB Reagent     – 10g p-dimethylaminobenzaldehyde in 15ml of 60% perchloric acid. Stored in dark colored bottle in the refrigerator (It is stable up to 3 weeks).
b. Working Reagents (freshly prepared)
Solution A- Chloramine T plus Acetate citrate buffer (1 : 4 by vol.)
Solution B- DAB reagent plus propan-2-ol (3: 13 by vol.)
PROCEDURE
 The animals were sacrificed on the 16th day (or after falling of scab) of wound creation and regenerated tissues from the healed lesion of wound were collected for the estimation of hydroxyproline. Calculated quantities of tissue sample were immersed in 2ml of 6M- HCL and the tubes were sealed without evacuation. Hydrolysis was done for 20 hrs at 105ºC, hydrolyzed tissues were filtered through 0.22 µm syringe filter. After filtration 100 µl of sample was taken and 0.8ml of Isopropanol was mixed to it. After that 0.4ml of solution A was mixed and incubated at room temperature for 5 min. After incubation 6ml of solution B was mixed and incubated at 58ºC for 25 min. Then this mixture was cooled under tap water and absorbance was measured at 550 nm within 30 min. The quantity of hydroxyproline was calculated with the help of standard curve.
5.1.5.8 Preparation of Standard Curve of Hydroxyproline 
 For the preparation of standard curve, 50 mg hydroxyproline was dissolved in 200ml distilled water to get 0.25 mg/ml stock solution.
To prepare the standard curve 0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 µl of standard hydroxyproline was taken in tubes and volume was made up to 200 µl with distilled water. 100 µl of sample was taken from each dilution and 800µl isopropanol was mixed. Then 400 µl solution A was mixed and incubated at room temperature for 5 min. Further 6ml of solution B was mixed and incubated at 58ºC for 25 min. The samples were cooled under tap water and absorbance was measured at 550 nm within 30 min. Now the graph was plotted between concentration and absorbance to obtain the standard curve
Epithelialization Peroid35
Epithelialization period is the number of days required for falling of the scab without any residual raw wound behind.
Determination of Wound Contraction36
 The excision wound margins were traced at 4-day intervals by tracing the raw wound area, which was measured by retracing the wound on a millimetre scale graph paper. Measurements were continued up to the removal of scab. The wound of the animals was photographically documented. The wound contraction percentage was determined from the measurements using the formula.
              % wound contraction = Initial wound area-final wound area x 100
                                                 Initial wound area



.
Herbal marketed formulations for wound healing
· Calendula Ointment (By Greenridge Company, Philadelphia, United States)
      Ingredients:
      Calendula officinalis

· Trypsin Complex Ointment (By Breckenridge Pharmaceutical, Boca Raton, USA)
      Ingredients:
      Trypsin
      Balsam peru
      Castor oil
      Glyceryl monostearate
      Glycine 
      L-Proline 
      Taurine and
      White petrolatum

· Silver Herbal Ointment (By Natural path wings, Nashville, TN, India)       
 Ingredients:
       Colloidal silver

· Comfrey Herbal Infused Oil
      By Nanning Innovative Pharmaceutical Technology Co., Ltd, Guangxi, China)
      Ingredients:
      Symphytum officinale flowers

· Comfrey Ointment (By Blues Farm Investments LLC, Melrose, US)
       Ingredients: 
      Organic hempseed oil 
      Soybean (Glycine max)
      Oil beeswax (Cera flava) 
      Shea butter (Butyrospermum parkii)
      Olive oil (Olea europaea) 
      Aloe Vera (Aloe barbadensis)
      Essential oils of lemon (Citrus limonum) 
      Lavender (Lavandula angustifolia) 
      Tocopherol (Vitamin E)
      Rosemary extracts (Rosmarinus officinalis)
      Comfrey leaf & root extracts (symphytum officinale)

·  Wound Care Ointment (By Weleda Pharmaceuticals, Arlesheim, Switzerland)
     Ingredients:
     Calendula officinalis
     Mercurialis perennis
     Alcohol 
     Beeswax 
     Lanolin 
     Lanolin alcohols 
     Larch resin
     Peruvian balsam 
     Sesame oil 
     Water

· Wound Honey (By Eras Natural Sciences, New Zealand) 
     Ingredients: 
     Active Manuka honey

· Mederma® Skin Care For Scars (By Mederma)
     Ingredients:
     Water (Purified) 
     PEG 4 
     Allium cepa bulb extracts (Onion)
     Xanthan gum
     Allantoin
     Fragrance
     Methylparaben 
     Ascorbic acid

· Aloe Vesta 3-n-1 Protective Ointment (By Convatec Pharmaceuticals, Skillman United states of America)  
Ingredients:
Petrolatum 43%

· Medihoney hydrocolloid wound paste (By Medihoney Pharmaceuticals, Australia)
Ingredients
Active manuka honey 

· Terrasil Max Therapeutic Skin Care ointment (By Terrasil Pharma, United States)  
Ingredients:                   
Activated Minerals

· Jakhme Ruz - Pink Ointment Balm (By Bhawsar Chemicals Pvt Ltd, Leicester,          Leicestershire,   UK) 
Ingredients: Jasat bhasm, Gandhak, Ras kapoor, Tankankhar.  
                               
                               List of medicinal plants used for the screening of wound healing   activity. 
	S.No
	Plant
	Part Used/
Extract
	Model Used/ Dose
	Result/Inference

	1
	Acalypha indica37
(Euphorbiaceae)
	Whole Plant/
Ethanol
	Excision
Incision
	
Good wound healing activity

	2.
	Achillea kellalensis38
(Compositae)
	Flowers/
Aqueous
	Excision/
10% w/w ointment
	
Significant healing activity

	3.
	Acorus calamus 39
( Acoraceae)
	Leaves/
Ethanol
	Excision
Incision
Dead Space/ 40% w/w ointment
	
Therapeutic benefits in wound healing

	4.
	Adhatoda vasica40
( Acanthaceae)
	Leaves/
Methanol,
Chloroform,
Diethyl ether
	Excision
	 
Significant healing activity comparable to standard (nitrofurazone ointment)
          

	5.
	Aegle marmelos41
(Rutaceae)
	Leaves, Roots,
Root Barks/
Aqueous
Methanol
	Excision
Incision
	Wound healing activity comparable to Standard (nitrofurazone ointment)

	6.
	Ageratum conyzoides42
(Asteraceae)
	Leaves/
Aqueous
	Excision/
10% w/w ointment
	Work justifies the use  in wound healing activity

	7.
	Alangium salvifolium43
(Alangiaceae)
	Leaves/
Ethanol
	Excision
Incision
Dead space/
150 and 300mg/kg
	
Enhanced wound healing activity

	   8.
	Allamanda cathartica44
(Apocynaceae) 
	Leaves/
Aqueous
	 Excision
 incision/
 150mg/kg
	
Significant activity of Allamanda cathartica 

	9.
	Allium cepa3
(Liliaceae)
	Bulbs/
Chloroform 
Alcohol
	Excision
Incision
Dead Space/
300mg/kg
	Enhanced activity due to free radical
scvanging activity of plant

	10.
	Aloe Ferox miller
Aloe arborescens45
(Liliaceae)
	Leaves/
Juice
	 Excision
	
Therapeutics benefits for topical treatment in skin wounds

	11.
	Alternanthera sessilis46  (Amaranthaceae)
	Leaves/
Pet ether, Chloroform
	Excision/
200µg/ml
	
Significant activity 

	12.
	Areca catechu47
(Arecaceae)
	Nuts/
Alcohol
	 Excision
 Dead space

	
Enhanced Activity

	13
	Aristolochia bracteolate48
(Aristolochiaceae)
	Leaves/
Ethanol
	Excision
Incision
Dead space/
400 and 800mg/kg b.wt.
	
Definite Pro Healing action

	14.
	Arrabidaea chica verlot49
(Bignoniaceae)
	Leaves/
Ethanol
	Excision/
100mg/ml
	
Moderate wound healing activity

	15.
	Astilbe thunbergii50
(Saxifragaceae)
	Rhizomes/
Ethyl acetate,
Ethanol
	 Excision/
100ng/ml

	Enhanced activity due to promotional angiogenesis

	16.
	Azardirachta indica51
(Meliaceae)
	Twigs/
Oil
	Excision
Incisions
Dead Space/
1% and 2% w/w ointment
	
Good activity in all models

	  17.
	Buchanania lanzan52
(Anacardiaceae)
	Fruits/
Ethanol
	Excision
Incision
Dead Space/
300mg/kg p.o
	

             _

	18.
	Buddleja globosa53
(Buddlejaceae)
	Leaves/
Aqueous,
Ethanol
	Excision
	
Accelerate activity due to flavanoids

	19
	Butea  monosperma54
(Fabaceae)
	Barks/
Alcohol

	Dead Space
	Increaese activity due to synergistic effect of their constituents

	20.
	Calendula officinalis55
(Asteraceae)
	Unflorescence/
Hexane,
Ethanol
	Excision
Incision/
20 and 100mg/kg b.wt.
	
Potent healing activity

	21.
	Calotropis gigantea56
(Apocynaceae)
	Latex
	Excision
Incision
/100, 200, 400mg
/kg b.wt.

	
Accelerate activity supports its traditional use

	22.
	Calotropis procera57
(Asclepiadaceae)
	Latex
	Excision
Dead Space/
20µl of 1% sterile solution
	Traditional use in the management of wound healing

	23.
	Carica candamarcensis58
(Caricaceae)
	Fruits
	Excision/
1% w/w ointment
	
Good healing properties

	24.
	Caryocar cariaceum59
(Caryocaraceae)
	Seeds/
Fixed oil 
	Excision/
6 and 12% w/w ointment
	
Increase activity 

	25.
	Cassia fistiula60
(Fabaceae)
	Leaves/
Alcohol
	Excision
Dead Space
	Supports its traditional use in wound healing activity

	26.
	Cassia occidentalis61
(Fabaceae)
	Leaves/
Methanol
	Excision
Incision
Dead Space/
200mg/kg b.wt.
	
Increase wound healing activity

	27.
	Catharanthus roseus62
(Apocynaceae)
	Leaves/
Ethanol
	Excision
Dead Space/
100mg/Kg/day
	Increase activity support the use in the management of wound healing

	28.
	Centaurea sadleriana Janka63
(Asteraceae)
	Aerial
Parts/
N-Hexane Fraction of Methanol
	Excision
	Significant activity supports folk medicinal use of plant

	29.
	Centella asiatica64
(Mackinlayaceae)
	Leaves/
Aqueous
	Excision
Incision
Dead Space/
0.2% solution
	
Significant healing activity

	30.
	Centraurea iberica65
(Loranthaceae)
	Aerial
Parts/
Ethanol
	Excision
Incision/
1% w/w ointment
	
Remarkable wound healing activity

	31.
	Cinnamomum zeylanicum66
(Lauraceae)
	Barks/
Methanol
	Excision
Incision
Dead Space/ 250 and 500mg/kg b.wt.
	
Enhanced wound healing activity

	32.
	Clerodendron splendens67
(Verbenaceae )
	Aerial
Parts/
Methanol
	Excision
Incision
Dead Space
	Justifies the traditional use in wound healing and skin infections

	33.
	Clerodendrum infortunatum68
(Verbenaceae )
	Leaves/
Ethanol
	Excision
Incision
Dead Space
	
Significant healing activity

	34.
	Copaifera langsdorffi69      (Fabaceae)
	Barks/
Oleo-resin
	Excision, incision/
4% w/w ointment
	Justifies the traditional use in wound management

	35.
	Crataeva nurvala70
(capparidaceae)
	Root barks/
Ethanol
	Excision, incision, Dead space/
150 and 200mg/kg b.wt.
	Enhanced activity due to free radical scvanging activity of plant

	36.
	Curculigo orchioides71
(Hypoxidaceae)
	Root 
Tubers/
Methanol
	Excision/
200 and 400mg/kg
	
Significant healing activity

	37.
	Curcuma longa72
(zingiberaceae)
	Rhizomes/
Aqueous
	Excision
Incision
	Faster rate of wound contraction compared to control (Simple ointment)

	38.
	Cyperus rotundus7
(Cyperaceae)

	Leaves/
Alcohol
	Excision
Incision
Dead Space/
0.5,1 and 2% w/w of extract
	

            _

	39.
	Datura alba74
(solonaceae)
	Leaves/
Alcohol
	Excision
Dead Space/ 10% w/w ointment
	Justifies the traditional use in wound management

	40.
	Dendrophthae falcata75
(Loranthaceae)
	Aerial
Parts/
Ethanol
	Excision
Incision
	
Potent wound healing capacity

	42
	Desmodium triquetrum76
 (Fabaceae)
	Leaves/
Ethanol
	Excision
Incision
	
Pro healing action

	43
	Echinacea pallida77
 (Asteraceae)
	Leaves/
Alcohol
	 Excision
	
Good healing activity 

	44
	Elaeis guineensis78
(Palmae)
	Leaves/
Methanol
	Excision/
10% w/w
	
Potent healing capacity

	45
	Elephantopus scaber79
(Asteraceae)
	Leaves/
Ethanol
	Excision
Incision
Dead Space
	
Enhanced activity in all models

	46
	Embelia ribes80
(Myrsinaceae)
	Leaves/
Ethanol
	Excision
Incision
Dead Space/
30mg/ml
	
Significant healing activity

	47
	Euphorbea heterophylla81
(Euphorbhiaceae)
	Leaves/
Ethanol
	Excision/
10% w/w ointment
	
Good healing  properties

	48
	Evolvulus numularius82
(Convolvulaceae)
	 Leaves/
Methanol &
Aqueous
	  Excision
	
     Significant healing activity

	49
	Ficus religlosa83
(Moraceae)
	Leaves/
Hydroalcohol
	Excision
Incision/
 55 and 10% w/w ointment
	
Significant increase in healing activity



Conclusion
In this we described different mechanism of action of wound healing, different models use in wound healing activity and different parameters used to evaluate wound healing activity. Based on survey and presented an overview of evidence that explains why many medicinal plants are used as traditional treatments for cutaneous wounds and clinical skin disorders. It can not be certainly stated about efficacy of medicinal plants in wound healing but medicinal plants with their active ingredients have major potential for improving wound healing.
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Fig. 1.4: Different Stages Of Wound Healing
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