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ABSTRACT

Herbal medicine (medicinal plants, polyherbal formulations) is still the mainstay of about 75-80% of world population, mainly in
the developing countries for primary health care. Wound is a loss of cellular and anatomic or functional continuity of living
tissues. Wound healing proceeds in three interrelated dynamic phases, irrespective of the wound type and degree of tissue
damage. This sequence of physiological events occurs by a process of connective tissue repair. In view of this a detailed review
of literature was carried out on natural prohealers, phytoconstituents, polyherbal formulations and various nutraceuticals
responsible for wound healing activity, with special emphasis on different stages of wound healing, which could be of enormous

help in managing and treating various types of wounds.
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INTRODUCTION

Wounds are visible results of individual cell death or damage.
It is a disruption of tissue integrity that is typically associated
with a loss of substance. Deeper injuries to the muscle-
tissue, the skeletal system or the inner organs are defined as
complicated wounds. In addition pressure ulcers, a type of
skin ulcers are also considered as wounds. Further every
wound initiates the restoration of tissue integrity through
formation of new structure that more or less matches the
original function. Therefore wound is a loss of cellular and
anatomic or functional continuity of living tissues (1).
Different synthetic drugs are avaible to enhance the wound
healing in modern medicine. In spite of tremendous advances
in the chemical drug industry, the availability of substances
capable of stimulating the process of wound repair is still
limited (2). Topical antibiotics such as Neosporin, Bacitracin
and combination of these two with Polymixin B,
Metranidazole and Mupirocin are used to treat the skin
infections and promote wound healing. Moreover the
management of chronic wounds is another major problem due
to the high cost of therapy and side effects (3, 4). More than
80% of the world population still depends upon traditional
medicines for various skin diseases (5). Herbal medicines are
crucial in wound healing since they initiate disinfection,
debridement and providing a moist environment to encourage
the establishment of the suitable environment for natural
healing process (6). In view of this a detailed review of
literature was carried out in this article on natural
prohealers, phytoconstituents, polyherbal formulations and
various nutraceuticals responsible for wound healing activity,
with special emphasis on different stages of wound healing,
which could be helpful in therapeutic practice.

Stages of wound healing

Wound healing, a complex sequence of events, is initiated by
the stimulus of injury to the tissues. This sequence of
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physiological events occurs by a process of connective tissue
repair. Every wound healing proceeds in three interrelated
dynamic phases, irrespective of the wound type and degree of
tissue damage. Clinically these phases are distinguished as
Inflammatory or exudative phase Proliferative phase and
Differentiation or regeneration phases. In every day practice,
the three phases are also denoted with the abbreviated
terms, cleansing phase, granulation phase and epithelisation
phase. The course of wound healing is characterized by
anabolic activities which are instigated in the connective
tissue immediately after wounding, and which dominate the
beginning of wound repair. Conditions for wound healing are
more favorable when less tissue is damaged. The best
prognosis for successful wound healing is found with smooth,
closely abutting incision wounds without substantial tissue
loss or presence of foreign bodies. In those situations when
tissue defects have to be refilled, the surfaces do not lie
closely adjacent to each other, new tissue called granulation
tissue must be grown (7, 8, 9, 10).

1)  The inflammatory phase/ Exudative phase

Tissue wounding disrupts capillaries, destroys and damages
cells. Blood and plasma pass in to the extravascular phase.
The primary goal of repair mechanisms is the prevention of
local hemorrhage. Platelets adhere to the collagenous fibers
of connective tissue and aggregate with the release of
vasoactive substances. Simultaneously coagulation system is
activated. The process of coagulation involves numerous
factors (factor | to XIlll). Fibrin formation at the end of
coagulation process is initiated by the catalytic activity of
thrombin cleaves fibrinogen in to polypeptides. The fibrin
aggregates and forms long fibers. The resulting fibrin network
will later serve as scaffold for migrating fibroblasts. After one
or two hours an edema is formed in response to vasoactive
substances like histamine, serotonin and cytokines and also
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partly due to local acidosis in the wound area. Local acidosis
with O, depletion and increased CO, pressure enhances
catabolism, and local accumulation of liquid in the wound
area cause dilution of toxic debris. With the exudation of
blood plasma, number of cells like inflammatory cells, T-
lymphocytes, Leucocytes especially neutrophil granulocytes
monocytes reach the wound area and are involved in wound
cleansing. The amoeboid neutrophil granulocytes in particular
play a central role in wound cleansing and resistance to
infection. Following neutrophils macrophages play a key role
in wound healing. These secrete biologically active
substances, the so called growth factors and influence on
subsequent phases of proliferation and tissue differentiation.
Macrophage mediate conversion of macromolecules in to
reasonable amino acids and glycosides, attract further
macrophages, stimulate fibroblast proliferation, initiate
neovascular growth and excrete lactate and derivatives of
H,0; in to the wound site.

Il) The proliferative phase

The second phase of wound healing is dominated by cell
proliferation, which is aimed at generation of new
replacement tissue to fill the defect. Granulation tissue was
described as a temporary primitive tissue input that after
having fulfilled its function is converted to regression and
gradually gradually converted in to scar tissue. Formation of
granulation tissue is a complex event involving Leucocytes,
histocytes, and plasma cells and in particular fibroblasts that
promote tissue growth through production of collagen.
Fibroblasts use the fibrinous net formed during coagulation
for collagen insertion. Fibroblasts arrive at the site of injury
after blood clots have been resolved and necrotic tissue has
been removed. The extent of granulation tissue formation is
directly related the intensity of coagulation and immediate
inflammation. The major function of fibroblasts is the
synthesis of collagen that already begins at the 2" day after
injury and in primary haling reaches its peak activity between
days 5-7. Collagen is one of the basic body proteins. Collagen
synthesis occurs in several steps 1) Fibroblasts synthesize
polypeptide chains from Glycin, Hydroxyproline and
Hydroxylysine, 2) Three polypeptide chains are packed tightly
together to form triple helix molecule procollagen, 3)
Procollagen is then excreted in to extra cellular space
through cellular microtubules, to form collagen fibrils and
filaments of considerable tensile strength to adapt to the
needs of wound area. In addition to collagen synthesis
fibroblasts also produce acidic hexosamine containing
mucopolysacchrides that serve as major matrix constituents
and contribute to the integrity of granulation tissue.
Development of granulation tissue therefore involves
separation of ischemic, nonvital parts of the tissue that are
then gradually eliminated through lytic processes. Vitamin C
and O; play an important role in collagen synthesis.

1) Differentiation Phase

Maturation of collagen fibers is initiated between 6-10 days
after wounding. The wound contracts under the influence of
myofibroblasts, granulation tissue becomes increasingly
depleted of fluid and blood vessels, begins to strengthen, and
undergoes remodeling to form scar tissue. Wound healing is
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then completed by epithelisation, a process beginning mainly
at the edges of the wound that involves the formation of new
epidermal cells by mitosis and cell migration along pathways
created by liquefied fibrin.

Wound contraction is remarkable physiological event (Fig.1)
that leads to spontaneous closure of open lesions, i.e. it is
inward movement of the intact edges of the injured tissue
and decrease in the dimension of the area to its smallest
possible extent. Wound contraction is mediated by fibroblasts
of the granulation tissue. Fibroblasts can convert into a cell
type that shares many structural and functional features with
smooth muscle cells, including the formation of contractile
smooth muscle protein actomyosin.

Cuticularisation is the final stage of wound healing, and
processes of epithelisation are very closely related to the
development and proceedings during wound granulation. The
granulation tissue produces the chemostatic signals for
migration of epithelial cells from the edges of the wound.
Effective cell migration requires mature granulation tissue
and a slippery gliding surface are prerequisites for final
epidermisation. Epidermal cells that are metabolically active
and capable of promoting wound healing reactions contain an
unlimited potential for mitosis. Tissue specific inhibitors,
called epidermal chalcones, usually control their proliferative
activity. A dermal injury causes a local decrease in chalcone
level due to the loss of several chalcone producing cells in the
wound site. This promotes a correspondingly high mitotic
activity in the basal cell layer of the epidermis and initiates
the necessary cell proliferation to resurface the denuded
area. The final product of healing process is a scar or
replacement with healthy tissue.

Fig.1. Etiology of Wound Healing

Minimizes
scarring

Provides scaffold
for cell growth

#

Forms barrier
against infection

F.

Strengthens
= new tissue
Encourages ,j

natural bleod '

clotting

for healing

Absorbs fluids from
inflammation

Blocks nerve
endings to
reduce pain

272



Pharmacognosy Reviews
Vol 1, Issue 2, Jul-Dec, 2007

S. No.

10

11

12

13

14

15

16

17

18

19

20

22

23

24

25

PHCOG REV.
An official Publication of Phcog.Net

Table. No. 1. Potential medicinal plants having wound healing activity

Botanical source
Buddleja globosa
(Loganiaceae)

Stryphanodendron polyphyllum,
Stryphanodendron obovatum

(Leguminosae)
Terminalia arjuna
(Combertaceae)
Datura alba
(Solanaceae)

Portu laca oleraceae
(Portulacaceae)

Desmodium tirquetrum
(Leguminosae)

Dodonaea viscosa
(Sapindaceae)

Indigofera enneaphylla
(Papilionaceae)
Hyptis suaveolens
(Labiatae)
Tinospora cordifolia
(Menispermaceae)
Saussurea lappa
(Asteraceae)
Eucalyptus globulus
(Myrtaceae)
Argemone mexicana
(Papaveraceae)
Lawsonia alba
(Lythraceae)
Gentiana luteae
(Genitianaceae)
Anogeissus latifolia
(Combretaceae)

Ocimum sanctum
(Lamiaceae)
Biophytum petersianum
(Oxalidaceae)

Pentas lanceolata
(Rubiaceae)

Hylocereus undatus
(Cactaceae)
Calotropis gigantea
(Ascletiadaceae)

Hippophae rhamnoides
(Elaeagnaceae)
Pterocarpus santalinus
(Papilionaceae)
Eleusine coracana

And Paspalum scrobiculatum

((poaceae)
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Plant part
Leaves

Stem

Bark
Leaves

Leaves

Leaves

Leaves

Aerial parts
Leaves

Stem and Leaves
Root

Leaves

Leaves and latex
Leaves

Whole plant

Bark

Leaves

Aerial parts
Flowers

Leaves,rind,fruit
pulp and flowers
Latex

Leaves

Wood

Flour paste

Models / mechanism studied
Improved growth of fibroblasts in-
vitro

Improved epithelial proliferation in
cutaneous wounds

Excision and Incision wounds

Proepithelisation and improved burn
wounds

Prohealing activity by decreasing
wound area and increasing tensile
strength

Enhanced epithelisation, increased
tensile srtrength and hydroxyproline
content

Facilitated wound contraction and
epithelisation process

Incision and excision wound

Incision , excision and dead space
wound

Incision, excision and dead space

wound

Incision, excision and dead space

wound

Increased wound contraction and

tensile strength

Excision and Incision wounds

Excision and Incision wounds

Incision, excision and dead space
wound

Decreased epithelisation period ,
increase in tensile strength and
hydroxyproline content

Incision , excision and dead space
wound

Complement fixing activity
Increased granulation tissue weight,
tensile strength, hydroxyproline and
glucosaminoglycan content
Incision,excision wound and nature
of granulation tissue

Reduced the coagulation time of
citrated plasma and promoted blood
coagulation

Cutaneous excision punch wound
model

Punch and burn wound model in
normal and diabetic rat

Increased protein and collagen
content and decreased lipid
peroxides

Reference

10

11

12

14
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17

18

19

20

21

22

23
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29

30

31

32

33

273



Pharmacognosy Reviews
Vol 1, Issue 2, Jul-Dec, 2007

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

Gentiana luteae
(Genitianaceae)
Anogeissus latifolia
(Combretaceae)

Ocimum sanctum
(Lamiaceae)

Biophytum petersianum
(Oxalidaceae)

Pentas lanceolata
(Rubiaceae)
Hylocereus undatus
(Cactaceae)
Calotropis
(Ascletiadaceae)

gigantea

Hippophae rhamnoides
(Elacagnaceae)
Pterocarpus santalinus
(Papilionaceae)
Eleusine coracana
And Paspalum
((poaceae)

Butea monosperma
(Papilionaceae )

scrobiculatum

Celosia argentea
(Amaranthaceae)
Ocimum gratissimum
(Lamiaceae)

Carica papaya
(Caricaceae)

Punica gratum
(Punicaceae)

Curcuma longa
(Zingiberaceae)

Ageratum conyzoides
(Astereceae)

Aloe vera

(Liliaceae)

Thymus vulgaris (thymus oil)
(Lamiaceae)

Cinnamomum zeylanicum
(Lauraceae)

Aristolochia bracteolate

( Aristolochiaceae)
Hamelia patens

( Rubiaceae)

Musa paradisica
(Musaceae)
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Whole plant

Bark

Leaves

Aerial parts

Flowers

Leaves,rind,fruit
pulp and flowers

Latex

Leaves

Wood

Flour paste

Bark

Whole plant

Leaves (wound
dressing)
Fruit pulp

Peels

Rhizome

Leaves

Gel of leaves

Essential oil

Bark
Leaves

Whole plant

Leaf dressing
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Incision, excision and dead space
wound

Decreased epithelisation period |,
increase in tensile strength and
hydroxyproline content

Incision , excision and dead space
wound

Complement fixing activity
Increased granulation tissue weight,
tensile strength, hydroxyproline and
glucosaminoglycan content

Incision,excision wound and nature
of granulation tissue

Reduced the coagulation time of
citrated plasma and promoted blood
coagulation

Cutaneous excision punch wound
model

Punch and burn wound model in
normal and diabetic rat
Increased protein and
content and  decreased
peroxides

Increased cellular proliferation and
collagen synthesis at the wound site
increased DNA, total protein and
total collagen content of granulation
tissues.

Burn wound model

collagen
lipid

Wound dimension and wound
morphometry were studied
Infected burns

Reduced the severity of local
inflammation in burn wound
Excision wound model

Effect of curcumin on wound
healing activity exposed to whole
body Gamma radiation

Wound dressing— increased wound
contraction

Burn wounds,

Re-epithelization, Decreased the
wound diameter, improved tensile
strength, Increased the collagen
content of the granulation tissue and
degree of cross linking

Burn wound

Incision, excision wound and dead
space wound

Incision, excision wound and dead
space wound

Double incision wound

Partial thickness burn wound

24
25
26
27
28
29
30
31
32
33
34

35

36

37, 38

39

40

41

4258

59

60

61

62

63
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49

50

51

52

53

54

55

56

57

58

59

60

61
62

63

64

65

66

67

68

69

70

71

Apple and beet

Lithospermum erythrorhison

( fam)
Alkanna tinctoria
(Boraginaceae)

Copiafera langsdorffi
(Leguminosae)
Vernonia scorpioides
(Asteraceae)

Vitis vinifera
(Vitaceae)

Terminalia chebula
(Combertaceae)

Panax ginseng
(Araliaceae)

Scrophularia nodosa
(Scrphulariaceae)

Echinaceae pallida
(Asteraceae)
Heliotropium indicum
(Boraginaceae)
Chromolaena odorata
(Eupolin), (Asteraceae)

Piperomia galoides

Cimicifuga racemosa
(Ranunculaceae)

Thespesia populnea
(Malvaceae)

Opuntia ficus-indica
(Cactaceae)

Hypericum patulum
(Hyperaceae)
Hypericum hookarianum
(Hyperaceae)

Hydenocarpus pentandra

(Flacourtiaceae)

Leucaus lavandulaefolia
(labiatae)

Solanum tuberosum (Solanaceae)

Choerospondias axillaries

(Anacardiaceae)

Tridax procumbens (Astraceae)
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Fruit pectins
Root
Root

Root

Bark
Leaves

Seeds (Reservatrol)

Leaves

Root

Seed pods

Root
Whole plant

Leaves

Whole plant
Rhizomes
Fruit

Stem
Leaves

Leaves and stem

Seed

Whole plant

Tuber

Bark
Leaf juice

Leaves
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Burn wounds ( II-1ITA)
Healing impaired diabetic mice

Excellent wound healing
Partial thickness and hot olive oil
burn wound

Tensile strength in healing incised
wounds

Improved regeneration and
organization of the new tissue
Potentially up regulated oxidant and
VEGEF expression in human
keratinocytes, Topical application
accelerated wound contraction in
dermal wound

Improved rate of contraction and
decreased period of epithelisation

GinsenosideRb2 stimulated
epidermal cell proliferation

Stimulated the growth of human
dermal fibroblasts in vitro

Excision wound

Excision and incision wound
Enhanced growth of fibroblasts,
endothelial cells, proliferation

of fibroblasts, endothelial cells and
keratinocytes, stimulation of

keratinocyte migration in an in-vitro
wound assay

Incision wound

Inhibition of collagenolytic activity

Excision and incision wound
Prohealing activity
Excision and incision wound

Excision and incision wound

Incision and dead space wound

Excision and incision wound

Excision wound

Second degree burn wound

Excision and incision wound
Dead space wound

Burn wound

64
65

66, 67

68

69

70,71

72

73

74
75

76

77-81

82
83

84
85

86

87
88

&9

90

91
92

93
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Leaves 94
72 Calendula officinalis Flower Stimulated regeneration and
(Compositae) epithelisation of tissue at the wound
site 95
73 Allamnanda cathartica Leaves Excision Incision wound
(Apocyanaceae) and 96
Laurus nobilis (Lauraceae)
74 Sphaeranthus indicus (Astraceae)  Arial parts Enhanced the rate of wound
contraction and period of 97
epthelisation
75 Plagiochasma appendiculatum Whole plant Increased wound contraction and
(Aytoniaceae) tensile strength 98
76 Chamaemelum nobile Flower Decrease in area and drying 99
(Asteraceae) tendency
77 Pterocarpus marsupium Stem bark Excision, Incision and dead space 100
( Papilionaceae) wound model
78 Oxalis corniculata Whole plant Excision , incision and dead space
(Oxalidaceae) wound model 101
79 Argyreia speciosa Root Incision, Excision and dead space 102
(Convolvulaceae) wound.
80 Centella asiatica Leaves Increased the percentage of collagen ~ 103-109
(Apiaceae) in human skin fibroblasts, Increased
cellular proliferation and collegen
synthesis at wound site in open
wounds
81 Calotropis procera Latex Increased collagen, DNA, protein 110
( Asclepiadaceae) synthesis and epithelisation
Table No.2. Herbal formulations with wound healing activity
S.No. Name of the formulation Wound model/mechanism Reference
01 Darvhi Ghrita Incision and excision wound model 111
( Herbal formulation)
02 Mulathiadi Ghrita Incision and excision wound model
(Ghee based herbal formulation) 112
03 Himax ointment and Lotion (Herbal Incision and excision wound model 13
formulation)
Septilin formulation Incision and excision wound model
04 . . 114
(Proprietary preparation)
05 Hepatogard formulation Incision wound model 115
(Phytopharmaceutical product)
06 Aekol preparation (artificial seabuck thorn Incision and excision wound model 116
oil)
Chandanadi Yamaka Incision and excision wound model,
07 (Panchagavya based formulation) histological study reveals good
keratinisation, epithelisation and 117
angiogenesis
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Table No. 3. Phytoconstituents possessing wound healing activity

Name of the plant Plant part Phytoconstituents Reference
Buddleja globosa Leaves Verbascoside, Echinacoside, Linnamarin, 10
Luteolin and 6-hydroxy luteolin
Lawsonia alba Leaves Lawsone 23
Anogeissus latifolia Bark (+)-Leucocyanidin, Ellagic acid, Flavellagic 26
acid
Biophytum petersianum Aerial parts Rhamnogalacturonan, Xylogalacturonan 28
Calotropis gigentea Latex Cysteine proteases 31
Centella asiatica Leaves Asiaticoside, Asiatic acid, madecassic acid 35
Punica gratum Dried peels Phenolic compounds: gallic acid and 47
Catechins
Curcuma longa Rhizomes Curcumin 48
Aloe vera gel/juice Glycoprotein fraction (G1G1M1 D12) 64
Alkanna tinctoria Roots Alkannin esters of beta, beta-dimethyl acrylic 74
acid, beta, acetoxy-isovaleric acid, isovaleric
acid and angelic acid
Copiafera langsdorffi Bark Oleoresin 76
Vitis vinifera Seeds Reservatrol (Proanthocyanidin) 79
Panax ginseng Roots Ginsenoside Rb2 81
Scrophularia nodosa Dried seed pods Acylated irridoid glycosides: Scpolioside A, 82
Schrophuloside A
Chromolaena odorata Leaves Phenolic acids; Protocatechuic acid, P- 89
hydroxy benzoic acid, P-coumaric acid,
ferulic acid vannilic acid, Lipophilic flavanoid
aglycones
Piperomia galiodes Whole plant Alpha-bisabolol and alpha terpeniol 90
Cumicifuga racemosa Rhizomes Fukinolic acid and Cimicifugic acids A B C. 91
Plantago major Leaves Flavonoids, Caffeic acid derivatives, Long
chained saturated primary alcohols, Pectic 118
polysaccharides.
Table No. 4. Nutritional Supplements useful in wound healing
S.No Nutritional supplement Activity Reference
Bromelain (Enzyme  Accelerates healing of soft tissue, reduces swelling, bruising,
01 derived from pine apple healing time and pain 119
stem)
02 Thaimine (Vitamin B, Accelerates wound healing 120
Pantothenic acid (Vitamin Accelerates wound healing
03 B.) 121
04 Vitamin C Required to make collagen and speed healing of wounds 122
05 Zinc Reduced the healing time of surgical wound 123
06 Ornithine alpha glutarate Improves wound healing in burn wounds 124
07 Vitamin A Improves wound healing in surgical wounds 125
03 Vitamin E Decreases the formation of unwanted adhesions following a 126
surgical wound
Copper Plays important role in cross linking connective tissue and is
09 . . 127
required to promote wound healing.
10 Glucosamine Improved tissue healing 128
11 Arginine Increases protein synthesis and improves wound healing 129
12 Carnosine Promotes wound healing 130
© 2007 Phcog.Net, All rights reserved. 277
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Structures Of Phytoconstituents Possessing Wound Healing Activity

OH 0]
Linarin(acacetin-7-O-rutinoside) Luteolin
OH O O
OH . _
HO @)
O | HO OH
HO OMVe OMe
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HO OH HO OH

HO OH

HO Verbascoside
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Asuaticoside

OH

HO
O

CH,

Ferulic acid

Management and treatment of wound using various medicinal
plants and their derivatives has been n clinical practice since
time immemorial. A good number of medicinal plants
especially those mentioned in traditional systems of medicine
have been well exploited and their usefulness has been now
established. Hence it was worthwhile to garner knowledge on
these medicinal plants and derivatives used for treating
wounds with special reference to their mechanism of action
and or wounds models in which they have exerted profound
pro healing activities. For the past few decades there has
been an awakening in the developing and developed countries
for the revival and full utilization of traditional systems of
medicine in many human ailments including natural pro-
healers. Medicinal plants and herbal medicines known in
different traditional systems of medicine are vast treasure
house for research and development. This systematic review
of medicinal plants and derivatives possessing wound-healing
activities can be of enormous use for researchers and medical
practitioners working in the areas of management of wounds.

The efficacy of these drugs has been well established by
scientific investigations utilizing proper scientific methods
through modern parameters (Table.1 & 3). By conducting
research on herbal medicines in a systematic way by chemical
fractionation, isolation and biological evaluation it is possible
to find new remedies for various ailments. Ayurveda has some
remedies for treating various types of wounds and other
wound associated complications. The major herb is selected
to design a formulation according to the symptoms of the
disease and the other herbs are involved in prevention of the
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X~ COOH

HO
OH

Caffeic acid

major symptoms as well as the clinical complications that
may be associated with the use of the chief herb (Table.2).
Nutraceuticals are found to support the wound healing by
stimulating or modulating the immune system. Several studies
have proved the efficacy of macro and micronutrients in the
management of surgical wounds (Table.4). These nutrients
may be the key to fine-tuning the eternal formulas for
specific clinical scenarios.

The utilization of such a potential is necessary for the
economic well being of the society with proper policy decision
and motivated scientific personnel. The drug potential of
medicinal plants can be tapped for health, wealth and
happiness of mankind. Where God has allowed a disease to
flourish, he should have arranged for the drug to be found in
the neighborhood. We have only to discover it from NATURE.
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